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1 Introduction

"Warming of the climate system is unequivocal, as is now evident from observations of
increases in global average air and ocean temperatures, widespread melting of snow
and ice and rising global average sea level" (IPCC 2007, p. 30).

The challenge of climate change

Climate change is one of the most important challenges facing mankind. The first mile-
stone marking the international efforts to combat climate change was the 1992 United
Nations Framework Convention on Climate Change, in which the nations of the world
agreed on the objective of a “stabilization of greenhouse gas concentrations in the at-
mosphere at a level that would prevent dangerous anthropogenic interference with the
climate system” (UNFCCC 1992). As a first step towards this goal, some industrialized
countries accepted concrete emission reduction commitments in the Kyoto Protocol of
1997, which were to be achieved by 2012 (UNFCCC 1997). In the European Union
(EU), the reduction commitments differ across EU Member States (MS). For the EU-15,
the reduction commitment of 8 % for the Kyoto Period 2008 to 2012 (compared to 1990
levels) was distributed among the EU MS in the EU burden sharing agreement.

EU emission trading

The core instrument to achieve the EU’s Kyoto target is the European Union's Emis-
sion Trading Scheme (EU ETS), which was launched in 2005 (EU 2003). It covers
combustion installations with a minimum capacity of 20 MW, refineries, steel plants and
other large greenhouse gas emitting installations in a variety of industry sectors. This
trading scheme covers almost half of the EU’s CO, emissions (see Figure 1) and "has
quickly become the main driving force behind the expansion of the emerging global
carbon market" (EU 2007b, p. 3), thereby advancing the agenda of addressing climate
change on a global level.

While the Directive 2003/87/EC (EU 2003) sets the ground rules of the trading scheme,
such as the minimum number of certificates for gratis allocation (phase 1: 95 % in
2005-2007; phase 2: 90 % in 2008-2012), MS were still given significant leeway when
specifying the design elements of the EU ETS. They did so in their National Allocation
Plans (NAPs), which specify both the limit on the amount of emissions (the cap), and
the rules according to which EU allowances (EUA) are allocated to individual installa-
tions (allocation rules, see Chapter 2.1). The NAPs still had to be approved by the
European Commission (EU COM) based on the criteria specified in Annex lll of the
ETS Directive and the NAP guidance documents (EU 2004; EU 2005).
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Figure 1:  Carbon dioxide emissions covered by the EU ETS in 2005
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Objective and approach of the study

The functioning of the EU ETS at macro level is a precondition for the success of the
whole system. In addition, the gratis allocation to each installation and the incentives
resulting from this for existing, and particularly for new installations, may play an impor-
tant role in guiding industry towards low-carbon investments. Since the power sector is
the most important sector with a share of 32 % in total EU greenhouse gas emissions
(UNFCCC 2008), investments in long-lived power stations will determine the future
emission reduction potential of the EU to a large extent. It is therefore also crucial to
analyse the investment effects of the different allocation rules on the power sector as
applied in phase 2. The goal of this study is to provide a detailed, quantitative, cross-
country comparative analysis of the incentives for low-carbon and energy-efficient in-
vestments provided by the most recent allocation rules for phase 2. The analysis is
done for the power sector and includes all EU MS (except Malta and Cyprus?). It quan-
tifies the resulting investment incentives for different fuels and power plant types, ap-
plies the power sector’s allocation rules to concrete reference installations and analy-
ses installation-specific effects and incentives.

1 The fuels coal, lignite and natural gas are analysed in the study. In Malta and Cyprus, there
are no relevant plants combusting these fuels.
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Literature and state of research

This study builds on the analysis conducted by Matthes et al. (2005). These authors
make a detailed quantitative comparison of the investment incentives provided by
phase 1 allocation rules across six EU MS by applying them to a set of standardized
installations in the power sector. For the trading phase 2 from 2008 — 2012, Betz et al.
(2006) and Schleich et al. (2008) provide a cross-country assessment of the incentives
for low-carbon and energy-efficient technologies for all sectors included in the EU ETS,
but do not quantify the effects of allocation rules. In a more quantitative approach,
Neuhoff et al. (2006) briefly compare the allocations resulting for two types of reference
power plants across EU MS. However, there is no study for phase 2 as detailed as the
study by the Oko-Institut for phase 1 (Matthes et al. 2005). Also, the study of Neuhoff et
al. (2006) does not incorporate changes in allocation rules in response to the cap re-
ductions demanded by the EU Commission for almost all MS (except Denmark,
France, the UK, and Slovenia, see Schleich et al. (2008)). For example, some MS have
eliminated auctioning elements (e. g. Italy and Luxembourg), and others have changed
their allocation rules for the power sector (for example, Germany has switched from
grandfathering to benchmarking for existing plants, Sweden has eliminated gratis allo-
cation to existing power plants and Finland has decided upon a strict compliance factor
for coal-based power generation). These changes can have profound effects on the
incentives generated by the EU ETS. Yet, so far, no study has been made based on
the most recent allocation rules for phase 2 which analyses the incentives provided and
compares them across countries.

Summing up, similar to the prior work of the Oko-Institut (Matthes et al. 2005) on phase
1 allocation rules, this study scrutinises the rules for the second phase for all EU MS. It
also evaluates the consequences for different investment scenarios for a selected set
of countries. It extends the work done by Neuhoff et al. (2006) by including the most
recent data, increasing the level of detail and adding investment scenarios. Finally, by
considering changes in allocation rules, it also extends the studies focusing on the in-
creased stringency of phase 2 emission budgets (e. g. Schleich et al. (2008)).

Structure of the study

The study is organized as follows. Chapter 2 sets the stage with a brief overview and
evaluation of different allocation rules on a qualitative level (section 2.1). Section 2.2
shows the role of the different MS within the EU ETS by discussing their emission caps
as well as their applied allocation approaches. The set of reference power plants used
throughout this study is introduced in section 2.3.
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Chapters 3 and 4 make up the main part of the study. In Chapter 3, a cross-country
quantitative analysis of the allocation rules for the power sector is conducted. Section
3.1 explains the methodology used to calculate and compare allocations to the set of
reference power plants (coal, lignite, natural gas (CCPP), CHPZ2 (coal) and CHP (gas)).
A set of criteria is developed that will be used to evaluate and compare the allocation
rules across EU MS. Section 3.2 presents the results for existing installations in the
power sector for 25 EU MS. These are compared and evaluated based on the criteria
presented in 3.1. In section 3.3, the same is done for new plants and section 3.4 de-
scribes the interaction effects when plants are replaced. The third chapter concludes
with a classification of EU MS based on qualitative and quantitative figures.

Chapter 4 takes the analysis of differences in allocation rules for the power sector
across Europe a step further for new plants. After discussing the methodology applied
(section 4.1), in section 4.2, the results of investment appraisals and how these are
affected by differences in allocation rules are described for a selected group of EU MS.
This is done for the five reference power plants specified in section 2.3 and considers
different scenarios.

Finally, Chapter 5 summarises the findings and draws conclusions for the future im-
provement of the scheme’s design with regard to incentives provided for guiding the
sector on a low carbon path.

2 Combined heat and power plants.
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2 Overview of emission trading and the power sector

This chapter presents the rules governing the allocation of allowances to individual
installations, an overview of the European power sector as the most important sector
within the EU ETS and describes the roles of the different MS according to their total
and fuel-specific electricity production. Section 1 reviews the theoretically possible allo-
cation rules and analyses their general incentive effects. In a first step, allocation rules
are classified and, in a second step, their interaction is addressed for existing plants
and for new entrants. Section 2 briefly outlines the European power sector and the EU
ETS caps in EU MS. This section also includes an overview of the allocation rules
specified by the EU MS in their NAPs for phase 2 of the EU ETS (2008-12). Finally,
section 3 describes the set of reference power plants which will be used throughout the
rest of the study to analyse the effects of the allocation rules specified by individual EU
MS in their NAPs.

2.1 Overview of allocation rules

Different approaches can be used to handle allocation. The choice between gratis allo-
cation and auctioning is the first decision to take. Figure 2 provides an overview of the
different options available for allocating allowances which are then described and
evaluated.
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Figure 2:  Overview of allocation rules
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2.1.1 Gratis allocation

In the EU ETS, the typical allocation approach is a two-step allocation. In the first step,
a sector budget is established, which is often based on historical emission levels or
average benchmarks (see Betz et al. (2006)). In the second step, individual installa-
tions are allocated allowances within this sector cap. In order to do so, allocation rules
determine an allocation basis which then can be multiplied by different factors to adjust
the sum of allowances allocated to all installations to the specified cap of the sector.
For example, a compliance factor (CF) determines the ratio between the historical sec-
tor emissions and the new given sector cap. Multiplying an installation’s historical
emissions by the CF adjusts the resulting allocation to the new sector limit. Growth
factors or reduction factors can also be applied to the allocation basis (and also to the
sector cap) so as to account for future industrial or economic growth. In the following
sections on the different types of gratis allocation rules, the determination of the alloca-
tion basis is discussed. This allocation basis can then be adjusted using a number of
mechanisms, such as compliance factors, or the subtraction of an auctioning share, in
order to yield the actual number of allowances allocated free of charge.
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2111 Emission-based allocation

Description: Allowances can be allocated for free by basing allocation on historical
emissions in a recent base period of typically several years (an approach also referred
to as “grandfathering”). This period may be a fixed time frame or updated3. In addition
to historical emissions, the projected emissions of plants can also be used as the basis
for allocation.

Evaluation: Emission-based allocation has a number of disadvantages. First, basing
allocation on historical emissions does not consider any abatement measures made by
the owner before the specified time period, and therefore “punishes” early action (“early
action problem”). However, any modernization taking place after the specified period
results in an economic benefit. Second, in direct opposition to the polluter-pays-
principle, companies with the highest emitting plants actually receive the most allow-
ances instead of having to pay for them. Third, updating the base period may lead to
firms behaving strategically because they can affect future allocations by their actions
today (Cremer, Schleich 2006). This may involve a deviation from efficient resource
allocation and can even result in increased pollution in order to obtain a good baseline
in future rounds of allocation. In this way, the incentives to reduce emissions are actu-
ally lowered. Finally, basing allocation on projected emissions requires forecasts, which
may lead firms to exaggerate emission projections (Ahmann et al. 2006). They gener-
ally will have incentives to act strategically. However, emission-based allocation can
raise the political acceptability of participants in a trading scheme, as "producers gain
substantially under a historic approach, and in the aggregate, they are better off than
without the program” (Burtraw et al. 2005).

2.1.1.2 Output-based allocation

Description: Output-based allocation bases the distribution of allowances on specific
emission values per unit of production (e.g. t CO,/GWh) in a certain time period for
individual plants or a larger group of plants. A benchmark sets the standard for a group
of plants. With regard to power plants, fuel-, technology-specific or uniform benchmarks
can be applied. In contrast to benchmarks, specific emission values can be used to
determine the allocation basis for an individual plant. The allocation basis is determined
by multiplying the benchmark (or installation-specific emission value) by a reference
value for output levels, e.g. electricity production. As shown in Table 1, the reference

3 For more information with regard to the effects of “updating”, see Martinez and Neuhoff
(2005).
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electricity production is either determined with the help of past or predicted installation-
specific or standardized activity rates, or the installed plant capacity itself can be used
as a reference value (i.e. t CO/GW). If this is the case, figures already include stan-
dardized activity rates as the allocation is made on a more general basis (production =
capacity * activity rate).

Table 1: Overview of output-based allocation

Determination of production

Historical | Projection Standard load factor
Specific emission value v 4
Differentiated benchmark v v v
Uniform benchmark v v v

Evaluation: Output-based allocation using benchmarks considers carbon efficiency,
since operators will have to purchase allowances if they produce less efficiently than
required by the benchmark, and can sell allowances if they produce more efficiently
than the benchmark. However, distortions arise because of allocation differences to
installations which produce the same product (Betz et al. 2006). Fuel-specific bench-
marks favour fuels whose combustion leads to higher emissions. This considers carbon
efficiency to a lesser extent and the disincentive for high emitters could be weakened
or even inverted as a result. The use of different standardized load factors (SLF) pro-
duces the same effect. Product-specific benchmarks with product-specific activity rates
are the most carbon-efficient benchmarks, since the allocation depends only on the
output produced and not on the fuels or technologies used (Gagelmann 2006; Neuhoff
et al. 2006). In contrast, installation-specific emission values do not provide incentives
for carbon efficiency. Summing up, benchmarking promotes carbon efficiency, but
benchmarks should not be differentiated for installations producing the same product,
because incentives for carbon efficiency are then only assured within the group.

21.2 Auctioning

Description: Under auctioning, no free allowances are issued to installations. Operators
have to purchase all the allowances needed to cover their emissions at auctions or on
the market, and thus pay for each emission unit.

Evaluation: Auctioning is the only allocation mechanism without distortions which com-
pletely fulfils the polluter-pays-principle. Since operators have to pay for each emission
unit, there are strong incentives for carbon efficiency. Auctioning also eliminates fossil
fuels' subsidies. In addition, auctioning is the simplest and most transparent allocation
method and thus to be preferred from an economic perspective (Cramton, Kerr 2002).
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However, it has to be kept in mind that the maximum auction share in the EU ETS in
phase 2 has been set at only 10 % by the EU.

2.1.3 Interaction of allocation rules for existing and new
installations

Allocation rules cannot be evaluated in isolation. In order to guarantee the correct func-
tioning of the trading system as a whole, the allocation rules selected depend not only
on the characteristics of each of the rules, but also on the larger context. Above all, the
key areas of existing plants, new entrants and replacement of plants have to be taken
into account (Matthes et al. 2005; Sterner, Muller 2006). A sensitive balance between
these areas has to be maintained to ensure that the incentives for carbon efficiency
pervade the entire trading system and are not restricted to only one of the areas.

Key area 1 — Existing installations: Existing installations represent the status quo and
affect total actual emissions and emissions in following years. The allocation rules for
existing plants are important indicators regarding the future expectations of companies,
and therefore investment calculations can be influenced by them.

Key area 2 — New installations: New installations are defined as those which com-
mence operation during the current trading period, but may also be extensions to older
plants which cause considerable capacity increases within the trading period. Alloca-
tion rules for new installations are very important as they directly influence the deci-
sions about investments with long life cycles and therefore may affect the nature of
new power station portfolios. Allocating free allowances to new installations effectively
subsidizes investments which may lead to suboptimal high investments in new plants.
Also, the CO, emissions of these investments represent a cost for society. In addition,
a special New Entrants Reserve (NER) has to be set up to supply new installations with
their gratis allowances. This reserve limits the number of freely-allocated allowances if
a first-come-first-served approach is pursued. Hence investment calculations have to
incorporate a degree of uncertainty about the number of free allowances in the current
trading period. Rather than reserving a certain number of free allowances at the start of
the trading period for possible new installations, this reserve could be replenished as
required throughout the period. However, uncertainty about the new entrant allocation
is the largest for subsequent trading periods. To sum up, according to economic theory,
new installations should buy their allowances on the market or through an auction so
that the full cost of carbon is taken into account in decision-making (for the interaction
of allocation to new and existing installations, see the subsequent section). Free alloca-
tion amounts to subsidizing investments in fossil fuel-based power generation with its
associated CO, emissions.
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Key area 3 — Replacement of plants: Within the EU ETS, shutting down a plant results
in a subsequent termination of allocation (for these closure rules, see the NAPs of the
MS). The amount of free allocation to new entrants therefore has to be balanced
against the allocation to existing plants. Since new plants are generally more efficient,
they should not be disadvantaged when compared to existing installations (Gagelmann
2006). Generous allocation to existing installations and not to new entrants holds the
danger of prolonging the lifetime of less efficient plants (“mothballing”). Thus more car-
bon dioxide would be emitted. On the other hand, if the allocation to new installations is
too generous, over-production could be supported. One approach to the inefficiencies
generated by the termination of allocation after closure is a transfer rule, according to
which the gratis allocations of a closing plant can be transferred to a new one. Sum-
ming up, in general, the goal should be an equal treatment of existing and new installa-
tions, e.g. by allocation through auctioning or output-based uniform benchmarks.

2.1.4 Conclusions

Auctioning to all installations is the simplest, most transparent and most carbon-
efficient allocation approach (see Bohringer, Lange (2005); Cramton, Kerr (2002); Di-
nan, Rogers (2002)). Exceptions from auctioning can only be justified for clean tech-
nologies on the grounds of the limited scope of the EU ETS. For example, CHP plants
covered by the EU ETS are at a disadvantage when compared to heat boilers which
tend to be outside the scope of the EU ETS due to their limited size. This disadvantage
can be addressed, for example, by granting CHP plants a heat bonus and thereby pro-
viding incentives for these installations which reflect their aggregated carbon efficiency.

Uniform benchmarks lead to similar results in terms of carbon efficiency (Neuhoff et al.
2006), whereas differentiated benchmarks can create distortions favouring higher emis-
sions which act as disincentives especially for new low-carbon plants. An allocation
based on emissions means that the higher the emissions, the greater the number of
allowances, which is not the right incentive by any criterion. However, gratis allocation
does have the advantage of reducing resistance from industry. This might lead to being
able to introduce more stringent targets, and the stricter the targets, the less carbon is
emitted, which increases the environmental effectiveness of a trading system (see, e.g.
Ahmann et al. (2006)). Furthermore, a relatively low share of gratis allocation to incum-
bent installations allows them to be compensated for sunk costs (Burtraw et al. 2002).

To sum up, the allocation approach should guarantee the correct order with regard to
carbon efficiency and the reduction of fossil fuel subsidies. At the same time, the right
balance between allocation to new entrants and to existing installations has to be con-
sidered so that mothballing as well as suboptimal investment levels are prevented.
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2.2 The power sector and allocation rules of EU Member
States in 2008-2012

After providing some background information about electricity and CHP production in
the EU MS, this section underlines the importance of the different EU MS according to
their share in the total EU ETS cap. It also provides a qualitative, cross-country over-
view of the allocation rules applied to the power sector in phase 2 of the EU ETS be-
fore examining their quantitative effects starting in section 3.2.

2.2.1 Electricity and CHP production in the EU power sector

In this study, a cross-country comparison of allocation rules to the power sector is un-
dertaken. In order to be able to relate the findings to country differences in the power
generation structure, this section provides some key figures describing electricity pro-
duction across EU MS. Figure 3 shows the amounts of electricity generated by the
combustion of gas, hard coal, lignite and the most important other fuel sources in each
country.

Figure 3:  Gross electricity production in Europe 2006

TWh/a
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Source: Eurostat (2008)

Obviously gas, coal and lignite account for a large part of pan-European gross electric-
ity production (about 48% in 2006) and play a crucial role in almost every country (see
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Figure 3). The electricity production of CHP plants varies widely. The CHP figures do
not account for differences in the fuels combusted and are already included in the left-
hand bars showing total production. CHP is illustrated separately to highlight its differ-
ent shares throughout the EU, which should be considered when evaluating the effects
of the allocation rules for CHP plants in part 3. Since there are large differences in con-
ventional as well as CHP plants throughout MS, the importance of allocation rules
within countries may vary accordingly.

2.2.2 EU ETS caps in EU Member States in phase 2 (2008-2012)

On the macro level, the NAPs of EU MS determine the emission budget (the cap), i.e.
the amount of emissions permitted, with the overall EU ETS cap being determined as a
sum of the individual MS EU ETS caps. The caps set by MS for phase 2 vary enor-
mously as a result of considerable country differences in the amount of carbon dioxide
emissions (see Figure 1, chapter 1) and the share of these covered by the EU ETS. In
order to underline each country's role in the EU ETS and its corresponding importance,
the following diagram (Figure 4) presents the EU MS according to the size of their EU
ETS cap for phase 2. Note that Figure 4 includes the caps as accepted by the EU
Commission, i.e. the figures incorporate the reduction requirements specified by the
Commission.

Figure 4:  Caps of EU Member States in phase 2 of the EU ETS
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As the diagram clearly illustrates, the top ten EU MS in terms of the cap (Germany, UK,
Poland, ltaly, Spain, France, Czech Republic, Netherlands, Romania and Greece) con-
stitute the main part of the total cap (about 82%). Indeed, the top 4 EU MS on their own
cover more than half of the EUAs (about 53%). This outstanding role of some MS
should be kept in mind when evaluating the effects of the applied allocation rules. Con-
sequently, all the subsequent figures present results in the same order of EU MS
shown in Figure 4 which is based on the ranking of their share in the overall EU ETS
cap.

2.2.3 Overview of power sector allocation rules across the EU

The EU provided guidelines to determine the main settings of the EU ETS. A central
feature of the guidelines for the first and second period is that ex-post adjustments of
allocations are disallowed (EU 2004; EU 2005), i.e. prior to each trading period, regula-
tors must decide how many allowances will be allocated to individual installations and
according to which rule. Thus the regulator cannot redistribute allowances within the
trading period. Additionally, for phase 2, there was a limit of 10% (max.) on allowances
to be auctioned. Hence a minimum share of 90% of the EUAs has to be allocated free
of charge. It is important to bear this in mind when evaluating the different allocation
methods chosen by EU MS (see Figure 2).

Since this study analyses the effects of allocation rules in the power sector, Table 2
provides a qualitative overview of the rules applied in EU MS. The MS are listed ac-
cording to their share in the EU ETS cap in 2008-2012. Furthermore, the table distin-
guishes between conventional power plants and CHP plants and also includes the
possibility for transfers (transfer rule) as well as the overall auctioning share.

Existing installations: As can be seen in Table 2, a remarkably high share of EU MS
bases their allocation to existing installations on historical emissions. Uniform bench-
marks, which would be favourable (see section 2.1) from an economic point of view,
are applied in fewer countries. A differentiated benchmark, coupled with a double
benchmark for CHP, is the most common rule applied in MS with high emissions. Only
Slovakia is considering specific emissions for individual installations.

New plants: Allocation changes with regard to new plants. The majority of MS use
benchmarking (mostly differentiated), often combined with standard load factors. There
is a noticeable decrease in the application of emission-based allocation. Plant-specific
allocation, which was only rarely considered even for existing plants, is negligible.
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Table 2: Allocation rules of the EU Member States for the power sector

Plant type Allocation basis* Transfer] Auctioning | Status***
Existing plants New plants rule
. Sp_em_flc Differentiated Uniform . Sp_em_ﬁc Differentiated Uniform Share of total
Emissions | emission Emissions | emission
benchmark | benchmark benchmark | benchmark cap
value value
i Hist SLF
DE Conventional : s 8.9% 1
CHP Hist DBM SLF_DBM
UK Conventional : SLF SLF 7.0% 1
CHP Hist SLF
PL Conventional H!st : Proj X 1.0% P
CHP Hist Proj
IT Conventional Hist SLF 1
CHP Hist_DBM SLF_DBM
ES Conventional : SLF SLF 2
CHP Hist Proj_ DBM
R Conventional Hist Proj P
CHP Hist Proj
cz Conventional H!st PrO]l 2
CHP Hist Proj
NL Conventional : Hist Prol. 4.0% 1
CHP Hist DBM Proj
RO Conventional H!st SLF 2
CHP Hist SLF
Conventional Hist SLF
GR - X 2
CHP Hist SLF
BE_FL Conventional : SLF SLF 1
CHP Hist Proj
BE_BR Conventional Hist Proj 1
CHP Hist Proj
BE_WA Conventional : SLF SLF 1
CHP Hist SLF
BG Conventional H!St Proj : 1
CHP Hist Proj DBM
Fl Conventional Hist SLF 1
CHP Hist SLF
PT Conventional H!st SLF SLF X Py
CHP Hist SLF
SK Conventional Hist Proj 1
CHP Hist Proj
AT Conventional : Hist I?—’roj 1.3% 1
CHP Hist_DBM Proj_ DBM
HU** Conventional X 5.0% 3
CHP
Conventional Hist SLF
DK 0.3% 1
CcHP Hist SLF °
SE Conventional : 1
CHP Proj_DBM
i Hist LF
E Conventional is . S 0.5% 1
CcHP Hist SLF
EE Conventional H!st Proj ]
CHP Hist Proj
LT Conventional H!st SLF 28% P
CHP Hist SLF
sl Conventional H!st }?rol % 2
CHP Hist Proj_DBM
v Conventional H!st Prol. X 1
CHP Hist Proj
LU Conventional Hist SLF 1
CHP Hist SLF_DBM

* The reference values (see figure 2) are marked by different indexes:

Hist: Historic; Proj: Projection; SLF: Standard load factor

Double benchmarks for CHP plants are additionally marked with DBM

** Since the large uncertainty with regard to the allocation rules in Hungary could not be clearified before the termination of the study, there will be no analysis for Hungary in the
following sections.

*** The status of validity of the allocation rules presented in this study is indicated (1 for sure, 3 for unsure).

Source: Fraunhofer ISI based on its EU ETS database (2008a)

Validity of data: One major problem is the validity of the data used. The information
analysed and presented in this study was taken from the published NAPs of the MS. In
spite of the fact that the second phase already started in 2008, in November 2008,
there were still some MS with outstanding decisions regarding allocation rules. In addi-
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tion, there is a lack of transparency in some NAPs in spite of detailed analysis and in-
formation requests to the authorities of the EU MS in charge of the EU ETS. In order to
take this problem of data validity into account, in Table 2 the column “status” (1 for
sure, 3 for unsure) indicates the certainty of allocation rules. In addition, the reasons for
data uncertainty are listed in Table 38 (Annex) for each MS and the assumptions used
for the calculations are described.

2.3 Set of reference power plants

In order to quantitatively compare the allocation rules of the different countries, refer-
ence standardized power plants were chosen. The set of reference power plants con-
sists of ten plants using different fuels and technologies. Five plants represent existing
standards and five plants represent the standards of new plants. Since the electricity
production in Europe covered by the EU ETS is mainly based on natural gas, hard coal
and lignite, these three fuel types are used as combustibles (see Table 3).

Table 3: Fuel types and emission factors

Fuel-type Carbon emission factor (t/TJ)
Natural gas 56

Coal 94

Lignite 113

Source: IPCC (2006), Matthes et al. (2005)

Only the above mentioned figures are used in the calculation. Origin-specific quality
differences of the combustibles were not taken into account4.

The set of power plants consists of ten different plants (Table 4), including conventional
power generation technologies and combined heat and power plants (CHP).

Table 4: Set of reference power plants

1 2 3 4 5
Existing plants | Lignite (E1) Coal (E2) Gas (E3) | CHP coal (E4) | CHP gas (E5)
New plants Lignite (N1) Coal (N2) Gas (N3) | CHP coal (N4) | CHP gas (N5)

The set for new plants comprises the same plant types as the set for existing plants.
Solely adjustments in terms of the plant-specific features were made to take account of

4 According to IPCC, emission factors vary across fuels: lignite: 90.9 — 115 t/TJ, anthracite:
94.6 — 101 t/TJ, natural gas: 54.3 — 58.3 t/TJ.
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technological progress. The values of these plant-specific features are presented in
Table 5 and are representative for every relevant time period. If not mentioned, no
modifications concerning country- or plant-specific adjustments are assumed.

Table 5: Data of reference power plants

Electric Thermal Capacity Load factor Electric Thermal Powerto Emission

efficiency efficiency production production heat ratio coefficient

Existing plants MW h/a GWh/a GWhl/a t/GWh
E1 Lignite 39% 800 6,500 5,200 1,043
E2 Coal 42% 600 4,000 2,400 806
E3 Natural gas 56% 400 3,000 1,200 360
E4 CHP (Coal) 35% 50% 100 2,500 250 357 0.92 647
E5 CHP (Gas) 43% 47% 100 2,500 250 273 0.7 224
New plants

N1 Lignite 45% 1,000 7,000 7,000 904
N2 Coal 48% 600 4,500 2,700 705
N3 Natural gas 60% 500 4,000 2,000 336
N4 CHP (Coal) 37% 51% 100 4,000 400 551 1.05 606
N5 CHP (Gas) 46% 44% 100 4,000 400 382 0.73 224

Source: Fraunhofer ISI (2008b)

The specific emissions of a conventional condensation power station (CPS) were cal-
culated as follows (considering an oxidation factor of 1):

Emission factor,,, [t/TJ]x3,6

Efficiency,,

Formula 1: SpecificEmissions. [t/ GWh] =

Box 1: Heat Bonus

The overall efficiency of CHP plants is significantly higher than that of comparable conventional plants. For
the CHP plants, the incorporation of heat production is necessary to assess their total efficiency and the
specific emissions of these plants compared to conventional plants. In order to include heat production in
the calculation of specific emissions, a special bonus was given to take into account that heat would have
to be produced in a separate plant if this were not done in a CHP plant. Considering a plant producing only
heat has an overall efficiency of 90%, this results in emissions of 224 tCO,/GWh for gas combustion. This
value was taken to represent the given heat bonus as gas is a common combustible for heat production.
The calculation of the emission coefficient relates the thermal efficiency of the CHP plants to the reference
heat boiler. Since these are the emissions which would be produced by a heat plant, they can be sub-
tracted (see Formula 2).

Formula 2:

Emission factor[t/TJ],, x3,6 (Productionth[GWh]

— - x Emissions,,,, [t/ GWh]
Efficiency,, Production, [GWh]

SpecificEmissions,, [t/ GWh] =

An illustration of the assumed bonus can be found in Figure 5.
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Figure 5: Effect of Heat Bonus
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This illustrates the number of EUAs which have to be purchased under a perfect ETS with auctioning.

In all the subsequent diagrams and calculations referring to auctioning as a comparative case, the heat
bonus is applied in order to compare conventional and CHP plants on the basis of emissions and alloca-
tion per annual electricity or energy production. If there is no such comparison, the heat production from
the CHP process is not taken into account, i.e. in this case, the figures do not include the heat bonus®
(e.g. section 3.2.1, 3.2.4, 3.3.1, 3.3.4).

Consequently, the set of power plants produces the specific emissions (in t CO./GWh)
presented in Figure 6.

The existing power plants do not especially represent the standard of each country
within the EU-27. However, the focus of the study is the comparison and the resulting
quantification of the allocation rules. Therefore, a fixed set of reference power plants
without country-specific adjustments to the respective standards is used in order to
highlight differences in allocation rules across EU MS.

The main differences in each country's power station park should occur with regard to
capacities, efficiencies as well as the load factors (LF) spread. In most cases, changes
in capacity do not provoke any allocation increases or subtractions, as long as the allo-
cation is related to electricity production and emissions, whereas modifications of load
factor and efficiency cause considerable changes in the results. If, for example, stan-
dardized load factors are used in the allocation method, changes of the plants load
factor will not affect the allocation, but of course the emissions increase or decrease

5 A similar approach was taken by Matthes et al. (2005).
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proportionately. Similar effects can be observed if efficiency modifications are made,
and the country applies benchmarks. Since a Europe-wide harmonization in technical
standards is taking place, the figures for new plants are more representative. But dif-
ferences should remain regarding the load factors, because different fuels may be used
for base- or peak-load electricity production. Therefore, the lack of differentiation can
result in distortions which must be taken into consideration when evaluating the find-
ings of this study.

Figure 6:  Emissions of reference plants

t CO,/GWh

Existing plant New plant

|m Lignite m Coal m Gas CJCHP (coal) m CHP (gas)|
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3 Installation-level quantitative analysis of National
Allocation Plans

In this chapter, a micro level analysis of the allocation rules is conducted. Based on the
theoretical evaluation of the incentives provided by the allocation methods, a method-
ology is developed which provides the background for the cross-country comparison of
national allocation rules. The methodology is applied to existing plants, new plants and
the replacement of plants to examine the interaction effects of allocation rules for exist-
ing and new plants. Results are compared across countries by applying national alloca-
tion rules to a set of reference power plants.

The main goal of the study is to compare the incentives provided by the different allo-
cation provisions of EU MS as specified in their National Allocation Plans (NAPs) and
supplementing legislative documents. In order to quantify and compare these incen-
tives across MS, the allocation rules are applied to the presented set of reference
power plants (see Section 2.3). This makes it possible to calculate the number of al-
lowances (EUAs) allocated for free. These EUAs are then compared with regard to
countries, fuels and technologies.

The notified NAPs of the MS form the base for information about allocation rules6.
However, these rules may have been changed after the EU commission’s ruling on
NAPs which in most instances demanded a decrease of emission budgets. In order to
consider potential changes and to make use of the most recent data for the calcula-
tions, for each EU MS, allocation rules were excerpted from the NAPs (and other pub-
licly available documents) and sent to representatives of EU MS, together with a set of
remaining questions. The resulting set of rules and data which were approved by those
national experts in the EU MS are marked in the Annex.”

3.1 Criteria for evaluation and cross-country comparison
of allocation rules to the power sector

This section presents the methodology which forms the basis of the cross-country com-
parison of national allocation rules. In the subsequent sections 3.2 — 3.4, the criteria
developed here are used for the comparative evaluation of allocation rules to existing

6  An analysis was not feasible for Hungary because of the lack of information in the available
Hungarian NAP. Therefore the following diagrams and tables do not contain information
about the Hungarian allocation rules.

7 The authors wish to thank all the country experts from governments and companies that
provided valuable feedback on the existing national allocation rules in EU MS.
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(3.2) and new plants (3.3), as well as to examine the effect on the replacement of
plants (3.4). The following criteria (see Figure 7) are used to consider different alloca-
tion aspects:

Polluter-pays-principle
Combined heat and power
Carbon-intensity

Energy efficiency
Replacement of plants.

ok 0N~

Figure 7:  Evaluation criteria for allocation rules

Criteria
[ I I ]
1. Polluter- 2. Combined 5.
Name: pays- heat and 3.‘ Carb_on- 4. !Er_1ergy Replacement
L intensity efficiency
principle power of plants
l l
T Existing Interaction
Application: plants New plants between existing
and new plants

Only the incentives provided by the EU ETS are evaluated here. Country-specific legis-
lation which could strengthen or weaken incentives is not taken into account, nor are
any other factors, such as fuel prices or availability. The following section describes the
criteria underlying the subsequent analysis and their application.

3.1.1 Criterion 1: Polluter-pays-principle

Description

Under the polluter-pays-principle (PPP), which was originally proposed in 1972 and
brought onto the international stage by the OECD, organisations should pay for their
emissions (OECD 1972). Gratis allocation therefore represents a deviation from this
principle, as polluters do not have to pay for the damage caused by (all of) their emis-
sions. Also, any gratis allocation represents a subsidy for power generation. While free
allocation can be partly justified for existing plants as compensation for sunk costs (see
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Burtraw et al. (2002))8 and has therefore no harmful effect on economic efficiency, for
new plants it presents an activity-related subsidy which may lead to overinvestment
and thereby to inefficient economic outcomes9. Finally, as renewables tend to be ex-
cluded from gratis allocation, any free allocation represents a disadvantage for renew-
able power generation compared to fossil fuel-based power generation. This disadvan-
tage is independent of the fact that the rise in power prices applies to all technologies,
and thus could — depending on the policy support instrument in place — potentially
benefit renewables as well. Criterion 1 examines the amount of gratis allocation and
compares it with actual emissions. Thus, on a general level, criterion 1 is fulfilled if the
EUA shortage corresponds to the plant’s emissions, i.e. to the auctioning case. More
specifically, countries are ranked according to the level of shortage for each reference
power plant, with the smallest difference to the auctioning case being given the highest
ranking.

Application

In section 3.2.1 the criterion is applied to the allocation to existing plants and in section
3.3.1 to the allocation to new plants.

Measuring unit

Quantitative: For each reference power plant, the amount of gratis allocation in EUA/
GWh (see Formula 3) and the resulting amount of surplus or shortage in EUA/GWh
and in % (i.e. difference between allocation and emissions, see Formula 4) are exam-
ined.

Formula 3: Criterion 1= Allocation [EUA/ GWh]— Emissions [t/ GWh]

Allocation [EUA/GWh]— Emissions [t / GWh]

Formula 4: Criterion 1b = —
Emissions [t/ GWh]

8  Burtraw et al.'s (2002) analysis of the proposed US trading scheme RGGI showed that it
takes only about 7.5% of the revenue raised in an auction to compensate the sunk costs of
existing generators. Free allocation beyond this level is effectively overcompensation.

9  For a detailed analysis, see Schleich et al. (2008).
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Country comparison

Quantitative: For each reference power plant, countries will be ranked according to the
resulting balance in EUA/GWh (rank 1 = country with largest shortage, i.e. EUA need
closest to actual emissions).

Qualitative: For each reference power plant, surplus allocation (i.e. a positive balance
in EUA/GWh) is marked to highlight when gratis allocation exceeds emissions.

3.1.2 Criterion 2. Combined heat and power

Description

The criterion “Combined heat and power” (CHP) analyses the special allocation to CHP
plants compared with conventional plants using the same fuel. By doing so, this study
pays particular attention to the incentives for clean technologies (see EU NAP guide-
lines (EU 2004; EU 2005)). The electrical efficiency of the reference CHP plants is
poorer than the conventional reference plants, but their overall efficiency is superior,
even considering the fact that heat has a lower value of exergy than electricity (see
section 2.3, implementation of heat bonus). Therefore, criterion 2 examines whether
incentives are provided with regard to CHP.

Application

In section 3.2.2, criterion 2 is applied to the allocation to existing plants and in section
3.3.2, to the allocation to new plants.

Measuring unit

Quantitative: The difference in allocation between CHP reference power plants and
their corresponding conventional reference power plants (i.e. same fuel) is calculated
(in EUA/GWh, see Formula 5). The higher the balance, the higher the incentive for
CHP.

Criterion 2 = (Allocation [EUA /GWh |- Emissions [t/GWh ])p

Formula 5:
— (Allocation [EUA /GWh ]— Emissions [t/GWh ]) corenion ai

Qualitative: It is verified whether there is an incentive for CHP compared to conven-
tional power generation based on the same fuel (i.e. a positive balance).
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Country-comparison

Qualitative: EU MS are divided into two groups, namely those with an incentive for
CHP (these pass criterion 2), and those with a disincentive (these fail criterion 2).

Quantitative: The balance differences are compared across EU MS and the corre-
sponding ranking indicates how EU MS differ in the incentives they provide for CHP.
The EU MS with the largest incentive for a CHP plant receives the best rank (1).

3.1.3 Criterion 3: Carbon-intensity

Description

The criterion of carbon-intensity measures whether the ranking of CO, emissions/GWh
of the reference power plants is reflected in the amount allocated for free to these
plants. Thereby criteria 1 and 2 are extended by a comparative dimension, which is
motivated by possible fuel switches in existing plants as well as by investment incen-
tives for the cleanest technologies in new plants. According to this criterion, plants with
the highest emissions (in tCO,/GWh) should also have the largest shortage in terms of
allowances, and plants with the lowest specific emissions should have the smallest
shortage in allowances (in EUA/GWh). Criterion 3 examines whether the results of
ranking the emission intensity for the reference power plants are upheld when examin-
ing their ranking according to the balance of allocation and emissions (short-
age/surplus). If this is the case, then criterion 3 is fulfilled.

Application

In section 3.2.3, criterion 3 is applied to the allocation to existing plants and to the allo-
cation to new plants in section 3.3.3.

Measuring unit

Qualitative: It is verified whether the order of reference power plants remains the same
as the order resulting from an ideal auctioning case. Additionally, the amount of the
EUA surplus or shortage is presented for each reference power plant.

Country comparison

Qualitative: EU MS are divided into two groups, namely those without a change in rank-
ing (these pass criterion 3), and those where the ranking has changed (these fail crite-
rion 3).
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3.14 Criterion 4. Energy efficiency

Description

The criterion “energy efficiency” examines the incentives provided by allocation rules
for investments in more efficient installations. In order to do so, an improvement in the
degree of electrical efficiency of the reference power plants is simulated10 (both for
existing and new plants). That is, the following changes with regard to electrical effi-
ciency are made:

Table 6: Efficiency improvement

Low efficiency Standard efficiency
Existing plants
Lignite 35% 39%
Coal 38% 42%
Gas 52% 56%
CHP coal 31% 35%
CHP gas 39% 43%
New plants
Lignite 41% 45%
Coal 44% 48%
Gas 56% 60%
CHP coal 33% 37%
CHP gas 42% 46%

Source: Fraunhofer I1SI (2008b)

Note that extensions of capacity which are typical of retrofit measures in existing instal-
lations are not taken into consideration. This criterion does not have a comparative part
since the incentives (reduced need for EUAs, or increased EUA surplus, respectively)
should be the same for all MS because they are solely due to the emission reductions
of the reference power plants and do not depend on allocation rules1.

10 As the reference power plants represent an advanced technological standard, here we
refer to less efficient plants which will be improved until they reach the standard of the ref-
erence plants.

11 The ban of ex-post adjustments by the EU Commission (but see also contradictory ruling of
the EU court regarding Germany’s ex post provisions) means there is an unchanged allo-
cation basis for a plant within one phase. However, in a system with updating from one
phase to the next (as done by several MS which included 2005 data when calculating the
allocation basis for phase 2), the companies’ incentives to invest in energy efficiency im-
provements of existing plants are based on expected future allocation rules. In such a
situation, there could be different incentives for energy efficiency improvements across EU
MS.
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Application

In section 3.2.4, criterion 4 is applied to the allocation to existing plants and in section
3.3.4, to the allocation to new plants.

Measuring unit

Quantitative: The surplus in EUA allocation per GWh is measured for an efficiency in-
crease (+4% 12) .

Formula 6: Criterion 4 = Emissions [t/GWh],, . — Emissions [t/ GWh]

s tan dard

Country-comparison

Quantitative: Since, we expect to find no differences in incentives for energy efficiency
improvements between EU MS, except for new entrant allocations based on projected
emissions, there will not be a country comparison for this criterion. Solely the incentive
for energy efficiency improvements (in EUA/GWh) will be presented.

3.1.5 Criterion 5: Replacement of plants

Description

If operators close an old, less efficient plant with higher emissions and replace it with a
new, more efficient one with lower emissions, overall emissions will be reduced. Based
on the fact that in the EU ETS the allocation of allowances is terminated after the year
of closure13, criterion 5 analyses the interaction between allocation to existing and new
plants, thereby identifying the incentives provided to replace an existing with a new
plant. The analysis is done by comparing the balance of allocation and emissions
(shortage/surplus in EUA/GWh) of an existing plant with that of a corresponding new
one. The comparison is made for the same technology and for the case in which a
given technology is replaced by a different one. The latter is important because, for

12 An efficiency increase of this dimension could, for example, be achieved by advancing the
steam parameters (temperature and pressure) (see Balling (2005)), or by drying lignite
(see Schwendig (2005)).

13 For a detailed analysis of the effects of closure provisions, see Ellermann (2008).
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example, if an old gas-fired CHP plant is substituted by a new lignite-fired power plant,
then a reduction of emissions may not necessarily occur!4.

Application

In section 3.4 criterion 5 is applied to existing and to new plants.

Measuring unit

Quantitative: The difference between over- and under-allocation (in EUA/GWh) is cal-
culated based on Formula 7 for each case of replacing existing plants.

Formula 7:

Criterion 5= (Allocation [EUA/ GWh]~ Emissions [t/ GWN]) ., sian
— (Allocation [EUA/ GWh]— Emissions [t/ GWh]) ¢iqing pran

Country-comparison

Qualitative: Since there is the possibility to replace a plant either with the same tech-

nology or with a different one, the comparison is divided into two steps15:

A

Same technology: For the cross-country evaluation of the incentive to replace an
existing plant by a new one using the same technology, EU MS are split into two
groups. The first group consists of countries with positive incentives to replace a
plant, which is indicated by a positive balance (these MS pass criterion 5.A). The
second group comprises countries with a disincentive to replace a plant, which is in-
dicated by a negative balance (these MS fail criterion 5.A).

. Different technology: If perverse incentives occur, i.e. incentives to replace a plant

with one with higher specific emissions (tCO,/GWh), these are marked (e. g. new
lignite plant replacing an existing gas plant). Countries are again split into two
groups: those that provide perverse incentives (these MS fail criterion 5.B) and
those that do not (these MS pass criterion 5.B).

14

15

Renewables may benefit if there are fewer plant replacements since an increasing price of
carbon as well as lower future costs for renewables are expected to favour them in the fu-
ture. However, criterion 5 considers only the replacement impact on the carbon efficiency
of the analysed fossil fuel plants.

The CHP gas plant is used as an example for CHP technology. The results for the CHP
coal plant can be found in Table 35 (Annex).
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Quantitative: The quantitative assessment also takes place in two steps:

C. Same technology: If a plant is replaced by a new plant using the same technology,
EU MS are ranked according to the EUA balance resulting from the calculation. The
highest rank (=1) is assigned to the EU MS with the largest (positive) balance, and
the lowest rank to the country with the largest disincentive (or smallest incentive).

D. Different technology: If a plant is replaced by one using a different technology, EU
MS are ranked using the procedure from step A above. However, in the case of per-
verse incentives (the replaced plant has a higher carbon efficiency than the new
plant), the highest rank (=1) is assigned to the EU MS with the lowest replacement
incentive (or highest disincentive, respectively).

3.1.5 Evaluation of allocation rules with regard to the presented
criteria

In this section, we qualitatively assess to which extent the different allocation ap-
proaches meet the described criteria. The overview provided in Table 2 merges the
various rules under the general headings “auctioning”, “uniform benchmark”, “differen-
tiated benchmark” and “emission-based”.

Table 7: Allocation rules and applied criteria

Fulfilment of criterion
1) Polluter-pays- 2) Combined heat  3) Carbon- 4) Energy = Replacement
Allocation rule* principle** and power*** intensity efficiency of plants
L Special bonus
Auctioning 4 4 v v
necessary

Uniform « Heat benchmark v v v
benchmark necessary
Differentiated « Heat benchmark Distortions v Distortions
benchmark necessary possible possible

el Distortions Distortions

- X v v

Emission-based probable orobable

* Due to the individuality of installation-specific allocation no general evaluations possible.

** Since every free allocation results in a failure for this criterion, improvements could be achieved with the
application of stricter benchmarks and compliance factors.

*** Depends on the boundaries of the emission trading system: Assumption here that, as in the EU ETS,
not all heat installations are included in the scheme due to 20 MW threshold.

As is clear from the Table, auctioning complies with all the criteria; there are only po-
tential shortcomings regarding CHP depending on whether all the heat generating fa-
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cilities are included in the emission trading scheme. These shortcomings could be
remedied by applying a special bonus for CHP plants16.

Evaluating benchmarks is more difficult. In terms of the polluter-pays-principle, the de-
gree of criteria fulfilment depends on the benchmark limit, since this represents the
amount of free allocation provided. Uniform benchmarks maintain the correct order,
whereas the different limits of fuel- or technology-specific benchmarks cause a differen-
tiated allocation basis, which could result in changes in the incentive order. In order to
favour CHP, double-benchmarks could be introduced to reward the production of heat
as well.

An emission-based allocation is associated with more possible distortions. Since allo-
cation is based on emissions, carbon-intensive producers receive more gratis allow-
ances than low-carbon producers, which is likely to result in distortions. The degree of
fulfilment of criterion 1 can only be improved by employing stricter adjustment factors.
Criteria 3 and 5, which evaluate carbon-efficient production, are probably not met be-
cause the amount of emissions and not the amount of production units forms the basis
for the final allocation. The fact that CHP plants emit more than conventional plants per
unit of electricity is included in an emission-based allocation. However, no additional
incentives are provided for this technology.

It should be noted that this evaluation is based on general allocation rules, and does
not consider possible modifications. For example, the degree of fulfiiment of some cri-
teria could be increased by applying correction factors which increase or decrease the
final amount of allocation.

3.1.6 Clustering of EU Member States by allocation types

Since the EU-wide allocation to reference power plants is examined in sections 3.2 and
3.3, in this section, the focus is on a cross-country comparison. It is analysed whether
there is a link between the amount of gratis allocation and the allocation types17.

The EU MS are clustered according to their allocation methods for a structured quanti-
tative analysis which also takes into account the individual effects of the allocation
types (see Table 8). Four broad categories are set up: 1) “installation-specific alloca-
tion”, which means that the historic or projected need of EUAs is the base for the allo-

16 The proposal of the European Commission for the third phase contains the recommenda-
tion of a special treatment of CHP plants.

17 For further information about allocation rules see section 2.1.
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cation, 2) “differentiated benchmark allocation”, 3) “uniform benchmark allocation”18
and 4) CHP double benchmark19. Installation-specific allocation therefore includes
“emission-based allocation” and “specific emission value” (see Figure 2). The first three
clusters follow an order from installation-specificity to generality. Furthermore, since
there are often different allocation approaches for different plant technologies, the col-
umn "plant" indicates whether the rule applies to conventional and/or CHP plants.
These groups are then compared in sections 3.2 and 3.3.

Table 8: Classification of EU MS according to allocation types

Existing plants

Individual allocation Differentiated benchmark Uniform benchmark Double benchmark
Country Plant Country Plant Country Plant Country
UK CHP DE Conv. & CHP AT Conv. & CHP DE
PL Conv. & CHP UK Conv. DK Conv. & CHP IT
ES CHP IT Conv. & CHP NL
FR Conv. & CHP ES Conv. AT
CcZ Conv. & CHP NL Conv. & CHP
RO Conv. & CHP BE_FL Conv.
GR Conv. & CHP BE_WA Conv.
BE_FL CHP FI Conv. & CHP
BE_BR Conv. & CHP PT Conv.
BE_WA CHP IE Conv.
BG Conv. & CHP LT Conv. & CHP
PT Conv. & CHP
SK Conv. & CHP
IE Conv.
EE Conv. & CHP
Sl Conv. & CHP
Lv Conv. & CHP
LU Conv. & CHP
New plants
Individual allocation Differentiated benchmark Uniform benchmark Double benchmark
Country Plgnt Country Plant Country Plant Cotintry
PL CHP DE Conv. & CHP UK Conv. & CHP DE
CZ Conv. & CHP PL Conv. ES CHP IT
BE_FL CHP IT Conv. & CHP FR CHP ES
BE_BR Conv. & CHP ES Conv. BE_WA CHP AT
SK Conv. & CHP FR Conv. BG CHP SE
EE Conv. & CHP NL Conv. & CHP AT Conv. & CHP Sl
RO Conv. & CHP DK Conv. & CHP LU
GR Conv. & CHP SE CHP
BE_FL Conv. IE Conv. & CHP
BE_WA Conv. LT Conv. & CHP
BG Conv. Sl Conv. & CHP
Fl Conv. & CHP LU Conv. & CHP
PT Conv. & CHP
Lv Conv. & CHP

Source: Fraunhofer ISI based on its EU ETS database (2008a)

18 In spite of the fact that the benchmark is uniform, variations in standard load factors or
adjustment factors can occur. However, because only the benchmark is considered, coun-
tries with a uniform benchmark but e.g. fuel-differentiated load factors are included in this
group even though the resulting allocation is fuel-specific.

19 In this cluster only a double benchmark allocation is considered as this is the most com-
mon way to account for heat provision; other special treatments of CHP are not consid-
ered.
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3.2 Evaluation of allocation rules for existing plants

In this section the effects of the allocation rules of each EU Member State (MS) are
scrutinized by applying the rules to the existing five reference power plants, as speci-
fied in section 2.3. The comparison takes place with regard to the criteria introduced in
section 3.1 by applying them in the subsequent sections 3.2.1 — 3.2.4 to the reference
power plants. For each criterion, the results are presented by providing an overview
(general), highlighting the best and worst performing countries (top 3 and last 3) if a
ranking is made and linking the corresponding degree of criteria fulfilment with the allo-
cation types and fuel mix found in EU MS (cluster). The evaluation for each criteria
ends with a conclusion.

3.2.1 Application of criterion 1: Polluter-pays-principle

The Polluter-pays-principle demands a payment for all emissions. Hence, in order to
fulfil the criterion no gratis allowances can be allocated. As a complete preclusion of
gratis allocation cannot be achieved within the second phase of the EU ETS due to the
minimum amount of 90% gratis allocation (see section 2.1), a ranking is made accord-
ing to the extent of fulfilment of criterion 1, i.e. the relative shortage or surplus resulting
as a balance of allocation and emissions is evaluated (for a detailed description of the
criterion, see section 3.1.1).

Conventional plants

The results for the criterion for the three conventional reference power plants are pre-
sented in Table 9. For each of these three plants (in the order lignite, coal, and gas),
the allocation and the balance of the conventional plants as well as a relative deviation
from their emissions are shown for each EU MS. Also, countries ranked in the top 3 or
last 3 group are highlighted by a grey shaded area. Additionally, in Figure 8 for each
MS the allocation to the plants is compared with their emissions (bars on the right-
side). Since the analysis is fuel-specific, there are three subparts for lignite, coal and
gas before a common conclusion is drawn.
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Figure 8.  Allocation to existing conventional plants
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Existing lignite plant (E1)

General: Due to its limited geographical availability, allocation rules specifically ad-
dressing lignite plants are applied in 11 MS only (see Table 9). The results for the bal-
ance between allocation and emissions spread from -429 EUA/GWh (shortage) to +68
EUA/GWh (surplus). With regard to the average allocation of 952 EUA/GWh (com-
pared to specific emissions of 1,043 t/GWh), on average a shortage is provided. How-
ever, lignite as the highest emitting plant of the set of reference power plants has in
general an almost even balance through the MS and the amount of free allocation
spreads from 614 EUA/GWh to 1,111 EUA/GWh.

Top 3: Germany performs well among the lignite combusting MS. The comparatively
low allocation is caused by a uniform benchmark for coal plants (benchmark for hard
coal and lignite: 750 t/GWh) and enforced by the common and relatively strict compli-
ance factor (0.84), leading to a shortage of 41%. In Austria an even stricter, completely
uniform benchmark is applied (350 t/GWh), but the existence of an additional factor
which preserves plants from extreme shortage or surplus (allocation basis always
within 65% and 105% of historic emissions) leads to a shortage comparable to Ger-
many (-37%). Also within a similar range falls the result for Spain, where a uniform coal
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benchmark (920 t/GWh) combined with a compliance factor of 0.746 are applied result-
ing in a shortage of 34%.

Last 3: With Greece, Romania and Estonia three EU MS with emission-based alloca-
tion rules combined with the application of growth factors are on the last ranks. In
Greece the compliance factor (0.89) is compensated by a growth factor (1.16), while in
Romania solely a growth factor (1.03) is applied, which causes the small surplus of 3%.
Estonia, where the highest growth factor (1.065) was used, is also in the last group (out
of 11) with a slight overallocation of 7%.

Table 9: Allocation to existing conventional plants

Country Gratis allocation Balance (Surplus or Shortage)

Lignite (E1)] Coal (E2) | Gas (E3) Lignite (E1) Coal (E2) Gas (E3)

EUA/GWh | EUA/GWh | EUA/GWh | EUA/GWh | % | Rank] EUA/GWh | % [ Rank] EUA/GWh | % | Rank
DE 614 609 307 -429 41%] 1 -197 -24% 9 -53 -15% 7
UK NA 612 362 NA NA -194 -24% | 10 2 1% 17
PL 1,043 806 360 0 0% 4 0 0% 15 0 0% 13
IT NA 681 311 NA NA -124 -15% | 11 -49 -13% 8
ES 686 686 272 -357 -34%| 3 -119 -15% | 12 -88 -24% 4
FR NA 784 350 NA NA -22 -3% 14 -10 -3% 10
CZ 1,056 816 365 13 1% 7 10 1% 18 5 1% 18
NL NA 590 274 NA NA -215 -27% 8 -86 -24% 5
RO 1,074 830 371 31 3% . 24 3% . 11 3% 20
GR 1,078 833 372 35 3% 27 3% 12 3% 21
BE_FL NA 0 359 NA NA -806 -100%] 1 -1 0% 12
BE BR NA NA 360 NA NA NA NA 0 0% 13
BE WA NA 0 754 NA NA -806 -100% | 1 394 109%
BG 1,073 829 370 30 3% 8 23 3% - 10 3% 19
Fl NA 248 109 NA NA -557 -69% 4 -251 -70% 2
PT NA 780 581 NA NA -25 -3% 13 221 61%
SK 1,043 806 360 0 0% 4 0 0% 15 0 0% 13
AT 654 505 337 -389 -37%| 2 -301 -37% 6 -23 -6% 9
HU NA NA NA NA NA NA NA NA NA
DK NA 388 388 NA NA -418 -52% 5 28 8% 23
SE NA 0 0 NA NA -806 -100% | 1 -360 -100%| 1
IE NA 552 247 NA NA -254 -32% 7 -113 -32% 3
EE 1,111 NA 383 68 7% - NA NA 23 7% 22
LT NA NA 394 NA NA NA NA 34 9% -
Sl 1,043 806 360 0 0% 4 0 0% 15 0 0% 13
LV NA NA 353 NA NA NA NA -7 -2% 11
LU NA NA 288 NA NA NA NA -72 -20% 6
Average values in EUAGWh Lignite Coal Gas Top 3
Total 952 -9% 579 -28% 346 -4% P Last 3
Standard deviation 195 289 132
Installation-specific allocation 1,065 2% 784 -3% 366 2%
Differentiated benchmark 650 -38% 468 -42% 372 3%
Uniform benchmark 654 -37% 446 -45% 363 1%
Specific emissions [t/GWh] 1,043 806 360

Source: Calculations of Fraunhofer I1SI based on its EU ETS database (2008a)

Cluster: The best results for this criterion receive the MS with differentiated bench-
marks which are only differentiated between coal and gas, and for coal show a com-
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mon reference to hard coal with its lower specific emissions than lignite (compare fuel
data, Table 3). In countries with emission-based allocation the small shortages or sur-
pluses are caused by the applied adjustment factors (spread from an even balance to
+7%) which show a lack of stringency. Accordingly, the average allocations with regard
to these allocation types show a large difference in terms of fulfilment of this criterion in
favour of differentiated benchmarks (650 EUA/GWh in contrast to 1,065 EUA/GWh).
Since Austria is the only MS applying a uniform benchmark, this is not representative
for the whole cluster, but exemplarily the high shortage underlines the strictness for
carbon intensive production (see Top 3).

Existing coal plant (E2)

General: For coal there is a large range through the MS from a shortage of -100% (cor-
responding to a shortage of 806 EUA/GWh) to a surplus of +3% (+27 EUA/GWh) (see
Table 9), which is underlined by the large standard deviation of 289 EUA/GWh. Com-
pared to the conventional lignite plant, the average allocation decreases from 952
EUA/GWh to 579 EUA/GWh for the coal plant which corresponds to a general shortage
of 227 EUA/GWh. Therefore, the criterion is fulfilled to a larger extent. In addition, in
the majority of MS there is no overallocation (17 of 21 MS).

Top 3: There are two EU MS which do not provide coal plants with gratis allocation.
Sweden and two of the Belgian regions (Flanders and Wallonia) therefore completely
comply with the criterion and achieve the best results. Sweden generally does not allo-
cate to existing plants for free, whether they are conventional or CHP plants. In the
aforementioned regions of Belgium only conventional coal plants are excluded from
gratis allocation, whereas CHP and gas plants receive emission allowances free of
charge.

Last 3: The highest overallocation takes place in Bulgaria (3%), Romania (3%) and
Greece (3%). All these MS allocate based on historic emissions. In Bulgaria and Ro-
mania the high allocation is caused by an emission-based approach with a generous
growth or compliance factor of 1.03 as well as in Greece, where the compliance factor
of 0.89 is compensated by a high growth factor (GF=1.16).

Cluster: With regard to the cluster of allocation types, MS with uniform benchmarks
perform relatively well. Austria and Denmark (places 5 and 6) with their uniform bench-
mark allocation are close behind Finland which applies a very strict reduction coeffi-
cient (0.31), and the MS without gratis allocation (Sweden and Belgium). A uniform
benchmark often considers gas as the related fuel. That is why there are shortages of
37% in Denmark and 52% in Austria, which correspond to an average value of 446
EUA/GWh in the uniform benchmark allocation type. On the other hand, the differenti-



34 Comparison of allocation rules of EU member states (2008-2012) for the power sector

ated benchmark usually favours coal, as it pays attention to the higher emissions aris-
ing from coal combustion (compare fuel data, Table 3). Since the reference coal plant
is of a relatively high technical standard, the specific emissions are close to the
benchmark values, which leads to an allocation basis comparable to the one based on
historical emissions. But with regard to the average values the differentiated bench-
mark (468 EUA/GWh) performs better than the individual allocation where 784
EUA/GWh are allocated. The reasons for this are outliers like the Belgian regions pro-
viding a load factor of 0 or Finland with its very strict compliance factor (0.31).

Existing gas plant (E3)

General: The allocation to the reference gas plant shows a large relative spread from -
100% (no gratis allocation in Sweden) to +109% in Belgium (Wallonia) (see Table 9).
The majority of MS allocate approximately in the height of emissions (18 MS in a +/-
15% range from emissions). Therefore, the gratis allocation varies usually between 300
and 370 EUA/GWh, in contrast to the coal plant, where often more than 600 EUA/GWh
are allocated. Bearing the polluter-pays-criterion in mind, thus the general extent of
fulfilment is higher for the gas plant, but with an average allocation of 346 EUA/GWh it
is also close to the specific emissions of the plant (360 t/GWh) and therefore to overal-
location.

Top 3: Due to the fact that no gratis allocation is made, again Sweden is in the top
group for this criterion. It is followed by Finland, which applies the strictest reduction
coefficient for conventional plants (0.31) throughout the EU. As the emission coefficient
applied in Finland corresponds nearly to the specific emissions of the reference plant,
70% of EUAs have to be purchased. In Ireland an emission-based approach combined
with a moderate compliance factor (0.68) leads to an allocation of 247 EUA/GWh and
thereby to a large difference of 38% respectively 68% to the first two.

Last 3: Due to a high standard load factor of 6,300 h/a the Belgian Wallonia region,
which applies a benchmark (359 t/GWh), is in the last group. As the reference plant
has a load factor of 3,000 h/a and specific emissions that are similar to the applied
benchmark, the allocation exceeds the emissions by 109%. An overallocation of 61% is
found in Portugal, where again the SLF (5,000) provokes a large surplus of allocation.
In addition, Lithuania is in the last group. A benchmark which exceeds the specific
emissions of the plant (360 g/kWh) is responsible for the overallocation.

Cluster: Strikingly, the last 3 MS applied a benchmark approach, whereas the best re-
sults regarding the polluter-pays-principle are achieved through an emission-based
approach with a strict compliance factor. As stated before, these results are influenced
by the large difference in SLF and assumed load factor of the reference power plant or
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even a high benchmark value. However, the assumption that fuel-specific benchmarks
can cause distortions is highlighted. Also, for gas, the uniform benchmarks perform
comparatively weak with regard to the polluter-pays-criterion as gas is often used as a
standard (Denmark: +8%; Austria: -6%). However, regarding the allocation type no
generalizations can be made, since the average allocations of the three allocation
types are within a range of 9 EUA/GWh (363 EUA/GWh to 372 EUA/GWh). For exam-
ple Germany and Spain have a shortage of more than 15% by applying differentiated
benchmarks but also a strict compliance factor, whereas the last group (as discussed)
applied the same method, but high LFs or high benchmarks which thus results in over-
allocation. This clearly shows the potential distorting impact of the SLF choice when
applying a benchmark approach.

Conclusion for conventional plants

According to the polluter-pays-criterion, companies should pay for every unit of emis-
sions. Since the fulfilment of this criterion is not possible for all installations in phase 2
of the EU ETS (see 10% limit for auctioning, chapters 1 and 2), two different values are
calculated to evaluate the allocation approaches of MS. On the one hand, the total
gratis allocation (in EUA/GWh) is determined and, on the other hand, the balance be-
tween allocation and emissions is considered. Taking into account that the European
average allocation increases from 346 EUA/GWh for the gas plant to 579 EUA/GWh for
the coal plant to 952 EUA/GWh for the lignite plant, the amount of gratis allocation
seems to increase according to the specific emissions of each plant (360 t/GWh for
gas, to 806 t/GWh for coal, to 1,043 t/GWh for lignite). As the second measuring unit —
the balance — is related to each plant's specific emissions, the resulting surplus or
shortage (in per cent) is less pronounced, but there is still clearly stricter allocation to
high emitting plants (gas: -14 EUA/GWh (-4%); coal: -225 EUA/GWh (-28%); lignite: -
91 EUA/GWh (-9%)).

Our analysis further shows that, for hard coal and lignite, there is a tendency that
benchmarks comply to a greater extent with the polluter-pays-criterion than emission-
based approaches as these are likely to be based on gas as a low carbon fuel. The
picture changes for gas: Here, strict compliance factors combined with allocation based
on historical emissions tend to reduce the allocation more than benchmarks. This is
because there are only a few benchmarks which determine lower specific emissions
than the reference plant used.

To examine whether EU MS tend towards a preferential treatment of either gas- or
coal-fired power plants, a comparison between gas and coal is made in Figure 9. The
y-axis shows the allocation to the reference gas plant and the x-axis the corresponding
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values for the coal plant. All countries below the diagonal allocate more generously to
the coal plant, whereas those above favour the gas plant. Countries situated in the
green shaded rectangle avoid a surplus allocation to either plant type and the closer
they are to the point of origin, the better their fulfiiment of the polluter-pays-criterion. It
becomes obvious that only MS without allocation rules for coal plants and those who
deny gratis allocation to coal allocate preferentially to the gas plant. This means that
the majority of MS allocate on the whole via an emission-driven approach, regardless
of whether via differentiated benchmarks or directly emission-based.

Figure 9:  Comparison of coal and gas allocation for existing plants
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Figure 10 shows the balances for plants as the second method of evaluation. Its y-axis
shows the balances of the reference gas plant of all MS, whereas the x-axis plots the
balance for the coal plant. Four areas result due to the application of this approach.
The red-striped area represents overallocation and the green striped area a shortage
for both plants, while the remaining two areas highlight a surplus for one plant and a
shortage for the other. In contrast to the clearly varied allocation in Figure 9, the results
for the balances of these two reference plants are more similar. Apparently, the major-
ity of MS allocates close to the specific emissions of both plants (intersection of the
axes), or a slight shortage for both plants. In general, allocation to the coal plant is
stricter (see average figures), which is illustrated by the fact that the shortage for this
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plant is often higher than for the gas plant (e.g. DE, UK, IT, NL, AT), thereby reflecting
the polluter-pays-principle.

Figure 10: Balance comparison for existing conventional plants: Coal vs. Gas
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Combined Heat and Power

Table 10 and Figure 11 present the results for CHP plants. Figure 11 illustrates the
allocation per GWh in each MS compared to the emissions of the plants, whereas in
Table 10, in addition to the allocation, the balance of allocation and emissions, and
relative deviations are shown. Again, a fuel-specific analysis takes place, i.e. two sub-
sections are made before a common conclusion is drawn.
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Figure 11: Allocation to existing CHP plants
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Existing CHP coal plant (E4)

General: The allocation to the coal-fired CHP plant shows a wide range from -100% to
+46% (see Table 10). The upper end of the interval corresponds to 1,414 EUA/GWh
which is the highest (absolute) allocation to existing plants. Moreover, the highest
variation is highlighted by a standard deviation of 287 EUA/GWh. In general, MS tend
to allocate more generously than to conventional plants which is indicated by only 6
shortages). Furthermore, with 944 EUA/GWh the average allocation is the highest
among all existing reference plants and is close to the plants specific emissions of
967 t/GWh. As this is equivalent to a slight general shortage the polluter-pays-criterion
is fulfilled to a certain degree.

Top 3: The avoidance of gratis allocation to existing CHP plants leads to another good
rank for Sweden (-100%). With some distance it is followed by Austria (-37%) and
Spain (-25%). In spite of the fact that Austria applies a double benchmark the shortage
is comparatively high, since both benchmarks are related to gas (for heat 175 t/GWh
and for electricity 350 t/GWh). In contrast, Spain applies an emission-based allocation
for existing CHP plants, where the strict compliance factor (0.746) is the reason for the
shortage of -25%.
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Table 10:  Allocation to existing CHP plants

Country Gratis allocation Balance (Surplus or Shortage)

CHP coal (E4) } CHP gas (E5) CHP coal (E4) CHP gas (E5
EUA/GWh EUA/GWh EUA/GWh % Rank | EUA/GWh % Rank

DE 1,044 513 77 8% 15 44 9% 18
UK 967 469 0 0% 7 0 0% 7
PL 967 469 0 0% 7 0 0% 7
IT 1,068 629 102 11% 17 161 34% 23
ES 721 350 -246 -25% 3 -119 -25% 2
FR 941 456 -26 -3% 6 -13 -3% 5
CZ 979 475 12 1% 13 6 1% 14
NL 1,415 642 448 46% . 173 37% -
RO 1,320 691 353 36% 222 47%

GR 1,123 545 156 16% 18 76 16% 21
BE FL 967 469 0 0% 7 0% 7
BE BR NA 469 NA NA 0% 7
BE WA 967 469 0 0% 7 0% 7
BG 995 482 28 3% 14 14 3% 16
Fl 749 357 -218 -23% 4 -112 -24% 3
PT 967 469 0 0% 7 0 0% 7
SK 967 469 0 0% 7 0 0% 7
AT 606 475 -361 -37% 2 6 1% 14
HU NA NA NA NA NA NA

DK 1,229 796 262 27% - 327 70% -
SE 0 0 -967 -100% 1 -469 -100% 1
IE 765 543 -202 -21% 5 74 16% 20
EE NA 499 NA NA 30 6% 17
LT NA 513 NA NA 44 9% 18
Sl 1,067 569 100 10% 16 100 21% 21
LV NA 459 NA NA -9 -2% 6
LU NA 430 NA NA -39 -8% 4
Average values in EUNGWh CHP coal CHP gas Top 3
Total 944 2% 489 4% B Last 3
Standard deviation 287 138

Double benchmark 1,033 7% 565 20%

Installation-specific allocation 996 3% 485 3%

Differentiated benchmark 1,069 11% 531 13%

Uniform benchmark 867 -10% 605 29%

Specific emissions [t/GWh] 967 469

Source: Calculations of Fraunhofer I1S| based on its EU ETS database (2008a)

Last 3: In Denmark an additional heat allocation for CHP plants, which covers 87% of
their emissions in the base period, leads to a considerable surplus of 262 EUA/GWh
(+27%). The Romanian surplus is due to a special heat bonus which is combined with
an emission-based approach. Since the emissions are already covered without the
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bonus, its application results in overallocation (+36%). A double benchmark including
differentiations between coal and gas is applied by the Netherlands. With the supple-
mental allocation for heat a surplus of 448 EUA/GWh (or +46%) is created.

Cluster: Emission-based allocation without a special bonus for heat but combined with
a strict CF (Spain, Finland) tends to be more in line with the polluter-pays-principle than
a double benchmark approach (Germany, Italy). The applied compliance factors re-
duce the allocation, whereas the double benchmark adjusts the allocation to the emis-
sion-level or even higher (the average allocation for double benchmarks exceeds spe-
cific emissions by 66 EUA/GWh) and therefore reduces shortages. The effects of uni-
form benchmarks are similar to conventional plants, as — due to the gas-related bench-
mark — for coal shortages and thus a higher degree of fulfilment of the criterion occur.

Existing CHP gas plant (E5)

General: The rules applied to the gas combusting CHP plant are similar to those for the
corresponding coal CHP plant. A large spread from -100% till +70% underlines the di-
versity of allocation rules of the MS (see Table 10). The majority of MS allocates plants
approximately according to their emissions since emission-based-approaches are often
used. The average allocation of 489 EUA/GWh exceeds the plants emissions by +4%
which leads to a general overallocation and thereby to no good compliance with the
requirement of the polluter-pays-criterion.

Top 3: Sweden obtains once more a good position due to the lack of gratis allocation (-
100%). Finland and Spain follow in a distance by applying an emission-based ap-
proach with a strict compliance factor (0.77 and 0.74, respectively), thereby reducing
the allocation (shortage of -24% and -25%, respectively).

Last 3: In the Netherlands a double benchmark is applied. As the allocation for electric-
ity would have been almost equal to the specific emissions, the additional allocation for
heat results in a surplus of 173 EUA/GWh (+37%). In Romania the special bonus for
CHP plants results in large overallocation. Since the electricity benchmark is rather
high with 430 EUA/GWh, together with the CHP bonus a surplus of +42% is generated.
Denmark holds the last position and applies a mixed approach. On the one hand, a
uniform electricity benchmark of 388 EUA/GWh is applied, on the other hand 87% of
heat related emissions are allocated free of charge. The combination leads to a surplus
of +70% or 327 EUA/GWh.

Cluster: The double benchmark leads to compensation of emissions or even to a sur-
plus allocation (Germany, ltaly). The average allocation for double benchmarks (565
EUA/GWh) exceeds the reference plant’'s emissions as well as the total average alloca-
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tion by 96 EUA/GWh and 76 EUA/GWh, respectively. Emission-based rules comply
better with the polluter-pays-criterion, but only because the compliance factors directly
cause a shortage. Compared to the allocation to the CHP coal plant a relative (in %)
increase (but a decrease in EUA/GWh) in allocation can be seen. The corresponding
surplus can be explained by basing benchmarks on gas.

Conclusion for CHP plants

The polluter-pays-criterion evaluates the gap between allocation and emissions. The
average allocation to the gas CHP plant of 489 EUA/GWh is almost doubled for coal
(944 EUA/GWh). Furthermore, the average values are close to the specific emissions
of the reference plants (+4% and -2%, respectively), which is not in accordance with
the polluter-pays criterion. This reflects the fact that the majority of MS decided in fa-
vour of generous and emission-based allocation (see also criterion 2 which reflects the
benefits of a preferential treatment of CHP).

The results for the allocation cluster reveal different outcomes. As expected, the uni-
form benchmark allocation generally achieves the best results for the CHP coal plant (-
10%) and the worst for the CHP gas plant (+29%). MS allocating via a double bench-
mark provide an average surplus of 7% (coal), and 20% (gas), whereas installation-
specific allocation more or less covers the specific emissions of the plants (+3% for
both).

3.2.2 Application of criterion 2: Combined heat and power

Criterion 2 analyzes the treatment of existing CHP plants compared to conventional
plants combusting the same fuel. Therefore, a subdivision takes place by examining
the results for coal and gas separately. In Figure 12 the differences of short-
ages/surpluses of conventional and CHP plants are shown and compared with the dif-
ference in emissions (and thus EUA need) in the auctioning case. The higher the bal-
ance, the higher is the incentive for CHP. The corresponding values, including a rank-
ing, are shown in Table 11 (for a detailed description of the criterion, see section
3.1.2)).

As there are often different allocation types used for conventional and CHP plants, only
the method for the CHP plant, which can imply a special treatment to pay attention to
the produced heat or high overall efficiency, is evaluated. The MS implying a double
benchmark are taken as an example for special heat provisions.
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Figure 12: Incentives for existing CHP plants
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Existing coal-fired plants

General: In most countries there are benefits in favour of CHP plants (all except 5, see
Table 11). That is, in the majority of the MS there are higher incentives to produce elec-
tricity in CHP than in conventional coal power plants (average of +204 EUA/GWh).
However, there are large differences between MS (standard deviation of 299
EUA/GWh) with regard to the amount of incentive provided by their allocation rules, i.e.
the results spread from -161 EUA/GWh to +806 EUA/GWh.

Top 3: In the Belgian regions Flanders and Wallonia the balance difference between
the conventional and the CHP coal plant is exactly the amount actually needed by the
reference coal CHP plant, which is 806 EUA/GWh. This surprisingly high incentive is
caused by the lack of gratis allocation for conventional coal plants in the aforemen-
tioned Belgian regions (see criterion 1). In contrast, the CHP coal plant is allocated
based on historic emissions which cause the large incentive in support of the CHP
plant. The Belgian regions are followed by Denmark where also a large large advan-
tage for the CHP plant is measured (680 EUA/GWh). Here the reasons are a large
overallocation for the CHP plant, which is due to a remarkable bonus for heat (87% of
heat-related emissions are granted as allocation). In combination with a shortage for
the conventional coal plant the high incentive for CHP is generated.
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Table 11:  Incentives for existing CHP plants

Difference of balances (allocation - emissions)
between existing CHP and conventional plant
Country
Coal Gas
EUA/GWh Rank EUA/GWh Rank
DE 274 7 98 8
UK 194 9 -2 20
PL 0 16 0 17
IT 226 8 209 4
ES 126 200 31 23
FR -4 18 -3 22
CZ 2 15 1 15
NL 664 4 259 2
RO 329 6 211 3
GR 129 10 64 9
BE FL 806 1 1 15
BE_BR NA 0 17
BE_WA 806 1 394 |ee |
BG 5 14 3 14
Fl 340 5 139 6
PT 25 13 221 |2
SK 0 16 0 17
AT 60 |9l 28 11
HU NA NA
DK 680 3 299 1
SE -161
IE 52 12 188 5
EE NA 7 13
LT NA 10 12
Sl 100 11 100 7
LV NA -2 20
LU NA 33 10
Top 3 Last 3

Average values in EUA/GWh Coal Gas
Total 204 36
Standard deviation 299 143
Double benchmark 276 148
Emission saving [t/GWh] 159 136

Source: Calculations of Fraunhofer IS| based on its EU ETS database (2008a)

Last 3: A uniform double benchmark allocation to CHP plants is provided by Austria.
The benchmark, which is set up according to gas standards, causes a shortage, which
is higher than the shortage of the conventional coal plant. Therefore, a negative incen-
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tive is the consequence (-60 EUA/GWh). In Spain the situation is similar, but a different
allocation type is applied. The emission-based CHP allocation again leads to a higher
shortage than the benchmark allocation to the corresponding coal plant. Sweden ob-
tains the last place, because there is no allocation free of charge to existing plants and
because the specific emissions of the CHP plant are higher (without heat bonus, sec-
tion 2.3), thereby yielding a negative incentive per GWh (-161 EUA/GWh).

Cluster: By comparing the average of the MS allocating with double benchmarks with
the total average the effect of the special bonus becomes obvious, since the positive
incentive of 204 EUA/GWh for the average group is exceeded by 72 EUA/GWh to 276
EUA/GWh for the double benchmark group, which underlines the functioning of double
benchmarks as additional support mechanisms for CHP plants.

Existing gas-fired plants

General: The majority of MS provides a positive balance for the comparison between
the CHP and the corresponding conventional gas plant (except 8 MS), i.e. the criterion
is mostly fulfilled, which is underlined by the positive average incentive of 36
EUA/GWh. However, this incentive is much smaller than the one for coal (204
EUA/GWh). Again, a remarkable variation through the MS takes place. The results vary
between -394 EUA/GWh and +299 EUA/GWh (standard deviation of 143 EUA/GWh),
which are rather high figures compared to the plants specific emissions (see section
2.3).

Top 3: The countries which provide the largest positive incentive for existing CHP
plants are Denmark, Romania and the Netherlands. In Denmark, where both plants
show an individual surplus, but the CHP plant to an enormous extent (see ranking for
criterion 1) the large difference of +299 EUA/GWh is generated. It is followed by the
Netherlands, where a positive incentive in terms of the CHP criterion of 259 EUA/GWh
is provided. This is caused by applying a double benchmark which produces a gener-
ous surplus for the CHP plant. In Romania the application of a special bonus causes a
generous CHP allocation, whereas the conventional plant has only a slight surplus.
Thereby an incentive of 211 EUA/GWh in support of the CHP plant is provided.

Last 3: The smallest incentive for CHP is provided by the Belgian Wallonia, where the
enormous surplus for the conventional gas plant (see criterion 1) compensates the
even balance of the CHP plant due to an emissions-based allocation. In Portugal there
is a similar case, only the surplus for the gas plant is not as large. Also, in the last
group there is Sweden because of the lack of gratis allocation both to conventional and
to CHP plants (see also CHP coal for same criterion).
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Cluster: In contrast to the total average value of +36 EUA/GWh, the double benchmark
cluster supports the CHP plants stronger (+143 EUA/GWh), and complies therefore
better with this criterion. Among the other MS there are also generous boni allocated
for CHP (see Romania and Denmark), but on the whole, double benchmarks provide
additional allowances more consistently.

Conclusion

The CHP criterion analyzes the treatment of existing CHP plants compared to conven-
tional plants combusting the same fuel. Our calculations show that MS provide incen-
tives to produce using CHP rather than conventional plants, which is illustrated by the
positive average balances for coal- as well as for gas-fred CHP plants (+204
EUA/GWh, +36 EUA/GWh). Extra incentives are offered by double benchmarks which
achieve better average results (coal: +276 EUA/GWh; gas: +148 EUA/GWh) and there-
fore reflect the higher total efficiency of CHP production.

3.2.3 Application of criterion 3: Carbon-intensity

In order to extend criteria 1 and 2, an overview of all existing plants is provided in this
section. Instead of analyzing the incentives granted by the EU ETS for a single fuel or
technology, the impact of the EU ETS on the incentive structure for the whole set of
reference power plants (here: existing) is analyzed for each MS which published infor-
mation about a sufficient amount of plants (>3). However, the carbon-intensity criterion
does not imply a quantitative ranking. Instead, it solely verifies whether the order of
carbon efficiency (see section 2.3, specific emissions) is maintained in the incentive
order resulting from Member States’ allocation rules (for a detailed description of the
criterion, see section 3.1.3).

General: As can be seen in Table 12, almost no country fulfilled the carbon-intensity
criterion. The complying MS are marked, but in fact only Ireland complied with carbon-
intensity. Slovakia and Poland apply an emission-based allocation without adjustment
factors, which leads to the same outcomes for all reference plants and therefore all
plants are treated as if they had the same carbon-intensity. Therefore, Ireland can be
seen as the only MS which completely fulfils this criterion.

Cluster: Since the set of existing plants contains conventional as well as CHP plants
and within each MS allocation methods often differ, a general statement regarding the
performance of allocation types is not feasible. However, in Ireland the result is
achieved through the application of an emission-based allocation with compliance fac-
tor for conventional plants and a uniform benchmark with additional heat provision for
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Table 12:  Incentive order for existing plants

Change in Ranking Order of EUA—paIance for existing plants
(in EUA/GWh)
Country Parameter Highest Lowest
Yes No shortage shortage
1 2 3 4 5
DE X Plant Lignite Coal Gas CHP (gas) CHP (coal)
EUA/GWh -429 -197 -53 44 77
UK X Plant Coal CHP (coal) CHP (gas) Gas
EUA/GWh -194 0 0 2
PL v Plant Conventional and CHP plants
EUA/GWh 0 0 0 0 0
T X Plant Coal Gas CHP (coal) CHP (gas)
EUA/GWh -124 -49 102 161
ES X Plant Lignite CHP (coal) Coal CHP (gas) Gas
EUA/GWh -357 -246 -119 -119 -88
FR X Plant CHP (coal) Coal CHP (gas) Gas
EUA/GWh -26 -22 -13 -10
cz X Plant Gas CHP (gas) Coal CHP (coal) Lignite
EUA/GWh 5 6 10 12 13
NL X Plant Coal Gas CHP (gas) CHP (coal)
EUA/GWh -215 -86 173 448
RO X Plant Gas Coal Lignite CHP (gas) CHP (coal)
EUA/GWh 11 24 31 222 353
GR X Plant Gas Coal Lignite CHP (gas) CHP (coal)
EUA/GWh 12 27 35 76 156
Plant Coal Gas CHP (coal) CHP (gas)
BE_FL X EUA/GWh -806 -1 0 0
Plant Gas CHP (gas)
BE_BR EUA/GWh 0 0
Plant Coal CHP (coal) CHP (gas) Gas
BE_WA X EUA/GWh -806 0 0 394
BG X Plant Gas CHP (gas) Coal CHP (coal) Lignite
EUA/GWh 10 14 23 28 30
FI X Plant Coal Gas CHP (coal) CHP (gas)
EUA/GWh -557 -251 -218 -112
PT X Plant Coal CHP (coal) CHP (gas) Gas
EUA/GWh -25 0 0 221
SK v Plant Conventional and CHP plants
EUA/GWh 0 0 0 0 0
AT X Plant Lignite CHP (coal) Coal Gas CHP (gas)
EUA/GWh -389 -361 -301 -23 6
Plant
HU EUA/GWh
DK X Plant Coal Gas CHP (coal) CHP (gas)
EUA/GWh -418 28 262 327
SE X Plant CHP (coal) Coal CHP (gas) Gas
EUA/GWh -967 -806 -469 -360
IE v Plant Coal CHP (coal) Gas CHP (gas)
EUA/GWh -254 -202 -113 74
EE Plant Gas CHP (gas) Lignite
EUA/GWh 23 30 68
LT Plant Gas CHP (gas)
EUA/GWh 34 44
sl X Plant Conventional plants CHP plants
EUA/GWh 0 0 0 100 100
LV Plant CHP (gas) Gas
EUA/GWh -9 -7
LU Plant Gas CHP (gas)
EUA/GWh -72 -39
Ideal order Lignite Coal CHP (coal) Gas CHP (gas)

Fulfilment of criterion

Source: Calculations of Fraunhofer IS| based on its EU ETS database (2008a)
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CHP plants. The bonus for heat supports the CHP plants, but at the same time the uni-
form benchmark sets a strict limit for the CHP coal plant, so that the more carbon effi-
cient conventional gas plant shows a better balance.

Conclusion: The carbon-intensity criterion analyzes the impact of the EU ETS on the
incentive structure for the whole set of reference power plants. Clearly, the observed
orientation of allocation to specific emissions (see criterion 1) causes distortions in
terms of the incentive structure provided. Our analysis reveals that in the majority of
countries even inverted incentives occur. This is because higher emitting power plants
often have a better balance (higher surplus or lower shortage) than lower emitting
plants. Therefore, all but one MS fail this criterion.

3.24 Application of criterion 4: Energy efficiency

As the EU ETS should provide incentives for every kind of emission reduction, this cri-
terion analyzes the incentives provided for an efficiency increase of existing plants. In
order to do so, for the set of reference power plants an efficiency improving modifica-
tion resulting in an increase of energy efficiency of four percentage points is simulated
(lignite: 35 vs. 39%; coal: 38 vs. 42%; gas: 52 vs. 56%; CHP coal: 31 vs. 35%; CHP
gas: 39 vs. 43%; for a detailed description of the criterion, see section 3.1.4).

General: Because of the exclusion of ex-post adjustments, the amount of allocation
remains the same for every plant. The incentive (with regard to the EU ETS) to invest
in an efficiency increase is therefore caused by the accomplished emission reductions
which are the same across EU MS (see Figure 13). Obviously, the plant with the lowest
efficiency (CHP coal: 31%) would profit the most from efficiency improving measures,
whereas the incentive for a gas plant is comparatively low.

Conclusion: The energy efficiency criterion analyzes the incentives provided for in-
creasing efficiency which should lead to a reduction of a plant’s specific emissions. As
the amount of the generated EUA savings depends on the fuel factor (see calculation
of specific emissions, section 2.3) as well as on the current efficiency level of the plant,
higher specific emissions lead to higher incentives for energy efficiency improve-
ments.20 The specific allocation rules, however, do not matter.

20  Of course, the same argument holds for higher EUA prices.
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Figure 13: Emission reduction caused by efficiency improvements for existing plants
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3.3 Evaluation of allocation rules for new installations

Similar to section 3.2, in 3.3 the allocation rules for new plants are evaluated across
countries. Criteria 1-4 (see 3.1) are applied in sections 3.3.1 — 3.3.4 to compare the
effects of allocation rules of the MS based on the set of reference power plants, and
again considering the fuel mix as well as the allocation type for the evaluations.

3.3.1 Application of criterion 1: Polluter-pays-principle

Conventional plants

The results for the polluter-pays-criterion are presented in Figure 14 which illustrates
the amount of allocation in comparison to the emissions of the plants. In addition, de-
tailed results are specified in Table 13 which also provides information about the coun-
try ranking and the particular balances including relative deviations for all EU MS. The
ranking is made according to the extent of the fulfiiment of the criterion, i.e. the relative
shortage or surplus (per emissions) is evaluated.

As for existing plants, a fuel-specific analysis is undertaken so as to give a more de-
tailed insight into the allocation methods and their differences in the MS. Consequently,
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there are three subparts (for lignite, coal and gas) before a common conclusion is
drawn (for a detailed description of the criterion, see section 3.1.1).

Figure 14: Allocation to new conventional plants
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New lignite plant (N1)

General: Due to its limited geographical availability, only 11 MS are analyzed regarding
their allocation to new lignite-fired plants (see Table 13 for results). In two countries a
surplus is allocated and the average allocation to the lignite plant is with 717 EUA/GWh
the highest by far with regard to new conventional plants. That is, on the one hand, the
high allocation contradicts the polluter-pays-criterion. On the other hand, the average
allocation means a large shortage for the reference plant as it has specific emissions of
904 t/GWh (shortage of -187 EUA/GWh, or -21%). The relative spread ranges from
-65% to +3% shortage/surplus allocation, which corresponds to an absolute allocation
range from 315 EUA/GWh to 935 EUA/GWh.

Top 3: The top three countries according to the polluter-pays-criterion all apply bench-
marks. Slovenia applies a uniform benchmark of 350 t/GWh, i.e. less than half of the
specific emissions of the reference plant. Combined with projected production and a
reduction factor of 0.9 this gives a gratis allocation of 315 EUA/GWh (-65%). In Austria
a similar approach based on a uniform benchmark (350 t/GWh) is executed, resulting
in an allocation of 350 EUA/GWh (-61%).
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Table 13:  Allocation to new conventional plants

Country Gratis allocation Balance (Surplus or Shortage)

Lignite (N1)}] Coal (N2) | Gas (N3) Lignite (N1 Coal (N2) Gas (N3)

EUA/GWh | EUA/GWh] EUA/GWh] EUA/GWh| % |Rank] EUA/GWh| % [RanklEUA/GWh| % | Rank
DE 743 1,050 575 -162 -18%| 6 345 49% 239 71%
UK NA 323 363 NA NA -382 -54% 7 27 8% 19
PL 935 752 360 31 3% - 47 7% 21 24 7% 17
IT NA 939 407 NA NA 234 33% 71 21% | 21
ES 510 686 272 304 |-44%| 3 19 3% 64 9% | 3
FR NA 950 365 NA NA 245 35% 29 9% 20
Cz 904 705 336 0 0% 7 0 0% 16 0 0% 10
NL NA 639 307 NA NA -66 -9% 11 -29 -9% 6
RO 714 714 342 -190 21%| 5 9 1% 19 6 2% 14
GR 669 669 320 -235 -26%] 4 -36 -5% 13 -16 -5% 8
BE_FL NA 0 359 NA NA -705 -100%| 1 23 7% 16
BE BR NA NA 336 NA NA NA NA 0 0% 10
BE_WA NA 0 509 NA NA -705 -100% ] 1 173 51% | 23
BG 935 752 360 31 3% - 47 7% 20 24 % 17
Fl NA 228 153 NA NA -477 68% | 4 -183 -55% 2
PT NA 836 450 NA NA 131 19% | 22 114 34% | 22
SK 904 705 336 0 0% 7 0 0% 16 0 0% 10
AT 350 350 350 -554 -61%] 2 -355 -50% 8 14 4% 15
HU NA NA NA NA NA NA NA NA NA
DK NA 263 296 NA NA -442 -63% 5 -40 -12% 5
SE NA 0 0 NA NA -705 -100% ] 1 -336 -100% | 1
IE NA 664 292 NA NA -41 -6% 12 -44 -13% 4
EE 904 705 336 0 0% 7 0 0% 16 0 0% 10
LT NA 556 625 NA NA -149 21% | 10 289 86%
SI 315 315 315 -589 -65%| 1 -390 -55% 6 -21 -6%
LV NA 691 335 NA NA -14 -2% 15 -1 0%
LU NA 527 593 NA NA -178 -25% 9 257 77% -
Average values in EUA/GWh Lignite Coal Gas Top 3
Total 717 -21% 561 -20% 357 6% P Last 3
Standard deviation 233 298 127
Installation-specific allocation 904 0% 705 0% 336 0%
Differentiated benchmark 751 -17% 636 -10% 365 9%
Uniform benchmark 333 -63% 428 -39% 405 21%
Specific emissions [t/GWh] 904 705 336

Source: Calculations of Fraunhofer IS| based on its EU ETS database (2008a)

A differentiated benchmark is applied in Spain. Since there is a common coal bench-
mark which is combined with a compliance factor (0.746), it leads to a shortage of -
44% for the lignite plant.

Last 3: Using a lignite benchmark (average efficiency of the BREF (EU 2006)) com-
bined with projected production, the allocation in Poland and Bulgaria exceeds the
plants emissions. They are followed by three MS sharing the next rank (Slovakia, Esto-
nia and the Czech Republic) which use an emission based approach without compli-
ance factors leading to an allocation of 904 EUA/GWh which covers all of the plants
emissions.

Cluster: The effects of the different allocation approaches become clear for new lignite
plants. The installation-specific emission-based allocation results for a high emitting
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plant (like the lignite plant) in a corresponding high allocation (+/-0%). In contrast, the
differentiated benchmark sets an allocation basis independent of a specific installation
but refers to a more general criterion of plants, such technology or fuel. As usually (ex-
cept Poland and Bulgaria) there is only one benchmark for coal, i.e. hard coal and lig-
nite, which tends to be based on hard coal, and thus leads for the higher emitting lignite
plants to a shortage (-17%). Since a uniform benchmark tends to be stricter than coal-
specific benchmarks, as also gas plants are included, the resulting shortage for the
reference lignite plant leads to the best results (-63%) according to the polluter-pays-
criterion. The average allocations reinforce these statements by illustrating the pro-
posed ranking: With 333 EUA/GWh the uniform benchmarks generates the largest
shortage (-571 EUA/GWh), whereas the installation-specific allocation leads to an allo-
cation equivalent to the plant’s emissions (i.e. neither shortage nor surplus). Between
these two extremes falls the differentiated benchmark group with an average allocation
of 751 EUA/GWh (shortage of 153 EUA/GWh).

New coal plant (N2)

General: Compared to lignite, just as the specific emissions decrease, so does again
the amount of allocation for the coal plant (see Table 13 for results). Related to the
emissions, a large, but lower spread of the balance of allocation and emissions from
-100% to +49% is calculated. In general, a shortage for the reference coal plant is as-
certained, with the average shortage being 144 EUA/GWh, which corresponds to -21%
(as the allocation of 561 EUA/GWh is lower than the plant’s specific emissions of
705 t/GWh). Therefore, the general extent of fulfilment of the criterion with regard to a
relative balance with emissions is comparable to the lignite plants.

Top 3: The top performing group is the same as for existing coal plants, as neither in
the two regions of Belgium nor in Sweden allocation free of charge is provided to new
coal-fired plants.

Last 3: The allocations calculated for the new reference coal plant supports the as-
sumptions about distorting effects of differentiated benchmarks, as this is the approach
applied by the three MS on the last ranks regarding the polluter-pays-criterion. On the
last position there is Germany, where mainly the high load factor leads to the large sur-
plus of 345 EUA/GWh. In ltaly the same effect of the load factor can be observed (sur-
plus of 234 EUA/GWh), whereas in France the high benchmark of 950 t/GWh leads to
the measured surplus of 245 EUA/GWh.

Cluster: Uniform benchmarks perform generally better than installation-specific or dif-
ferentiated benchmark allocation. This is illustrated by the large discrepancies of aver-
age allocations. Regarding the uniform benchmark group an average allocation of 428
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EUA/GWh (-39%) is provided. For differentiated benchmarks the average rises to 636
EUA/GWh (-10%) and to 705 EUA/GWh (+/-0%) for countries in the installation-specific
allocation type, respectively. Obviously, since differentiated benchmarks are often ad-
justed to the higher emissions from coal-fired plants, in general the uniform bench-
marks are stricter as they take gas into consideration. Exactly the amount of specific
emissions is allocated via the emission-based approach since there are no adjustment
factors applied in the MS belonging to this group.

New gas plant (N3)

General: The average gratis allocation for the new gas plant slightly exceeds the
amount allocated to the comparable existing plant (new: 357 EUA/GWh, existing: 346
EUA/GWh; see Table 13 for results). Considering the fact that the specific emissions of
the plant are 336 t/GWh, on the whole an overallocation of 21 EUA/GWh is provided by
the MS. Therefore, there is no good compliance with the polluter-pays-criterion. More-
over, there is a spread through the MS from -100% till +86% which highlights the large
variation in allocation across MS.

Top 3: Again, Sweden is in the top group, since an allocation free of charge is only
given to new CHP plants. It is followed by Finland, where 153 EUA/GWh are provided
to the reference plant (a shortage of 55%). The relatively high shortage is due to the
application the same strict compliance factor (0.31) as for existing plants and to an out-
put-based allocation (with an emission coefficient for fuel consumption thereby similar
to a differentiated benchmark allocation) and despite of a high standard activity rate. In
some distance comes Spain with an allocation of 272 EUA/GWh, where a rather gen-
erous benchmark is applied (375 t/GWh) but the compliance factor (0.746) causes the
shortage.

Last 3: The last 3 positions are occupied by benchmark applying countries. On the last
position there is Lithuania, where a uniform capacity-based benchmark is applied. With
2,500 /MW the value is very high, since this corresponds to a load factor of 7,440 h/a
regarding the reference plant (load factor = capacity / specific emissions). Also, Lux-
embourg applies a generous benchmark (365 EUA/GWh) with a high load factor (6,500
h/a). As both values exceed those of the reference plant, the surplus of +257
EUA/GWh is generated. On position 24 there is Germany, where a surplus of +239
EUA/GWh is caused for the similar reasons as in Luxembourg (benchmark of 365
EUA/GWh, SLF of 7,500h/a, adjusted downwards by a compliance factor (incl. auction-
ing) of 0.84).

Cluster: With regard to the type of allocation used, according to the polluter-pays-
criterion the uniform benchmark group performs worst, since the average allocation is
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the highest with 405 EUA/GWh (+21%). The value is caused by comparatively high
benchmarks as well as high standard load factors. Between the average allocation of
the MS applying differentiated benchmarks (+9%) and those who allocate on an instal-
lation-specific level (+/-0%), there is only a difference of 29 EUA/GWh in favour of in-
stallation-specific allocation. As the differentiated benchmarks, like for existing plants,
tend to be related to emissions of gas-fired plants, the allocation basis is comparable to
projected emissions (which was only rarely applied, see section 3.1.7). Therefore the
influence of standard load factors increases, because they often determine to a large
extent the amount of surplus or shortage allocation.

Conclusion for conventional plants

The polluter-pays-criterion examines the amount of gratis allocation and compares it
with actual emissions in order to evaluate how far this is from the ideal situation in
which the polluter would have to pay for every unit of emissions. Considering the abso-
lute allocation figures and looking at European average allocation, the fulfiiment of the
polluter-pays-criterion decreases with higher specific emissions as the average alloca-
tion rises from 357 EUA/GWh for the gas plant to 561 EUA/GWh for the coal plant to
717 EUA/GWh for the lignite plant. But, on the other hand, when looking at the relative
number of allowances which have to be purchased, the ranking for absolute values is
reversed. Comparing the European average values, an operator has to buy 21% of
allowances for the lignite plant, 20% for the coal plant and can even sell 6% of the
EUAs he receives for his gas plant.

With regard to the different clusters of allocation rules, the results for new conventional
plants are comparable to those for existing conventional plants. Especially the uniform
benchmark, which is applied more frequently than for existing plants, complies better
with the polluter-pays-criterion for carbon-intensive plants (lignite, coal), whereas instal-
lation-specific allocation combined with strict compliance factors mostly achieves better
results for the gas plant. In general, the results for benchmarks can be influenced to a
large extent by the application of standard load factors.

Comparing the results for existing and new plants shows that there is only a noticeable
decrease in allocation to new plants for the lignite plant. The new plant has an average
allocation of 717 EUA/GWh, whereas on average the existing one receives 952
EUA/GWh. This indicates the presence of disincentives in the system which could fa-
vour the mothballing of old plants (see also criterion 5).21 Taking into account the lower

21 Of course, the incentives for the replacement of plants are not dependent on average fig-
ures but on the specific values.
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specific emissions and therefore the balance values, the same trend can be observed
(existing plant: -9%; new plant: -21%). With regard to the coal and gas plant, existing
and new plants achieve similar absolute results (coal: slight decrease from 579 to 561
EUA/GWh, gas: slight increase from 346 to 357 EUA/GWh). The balance between al-
location and emissions rises for both coal (-28% to -20%) and gas (-4% to +6%).

Again, as was the case for existing plants, the general allocation amount seems to be
emission-driven. Figure 15 exemplarily compares the allocation of MS for gas- and
coal-fired conventional power plants. The diagonal line represents a uniform treatment
of coal- and gas-fired power generation. Again, the majority of MS favour the coal plant
(as indicated by their position below the diagonal). Of these, most MS tend to allocate
according to need, as is illustrated by the cluster of countries at the top-right corner of
the green-shaded rectangle. However, there is a second cluster of MS positioned close
to the diagonal with a uniform allocation that always provides a shortage for coal and in
some instances also a shortage for gas. Finally, the green-shaded rectangle indicates
countries that are at least partially fulfilling the polluter-pays-criterion by not granting
any surplus allocation to either of the two plant types.

Figure 15: Comparison of coal and gas allocation for new plants
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When comparing the balances (allocation minus emissions) for the coal and gas plant
in Figure 16, the large variation throughout MS becomes apparent. Similar to existing
plants (see Figure 10), the majority of MS allocate approximately the number of EUAs
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necessary to cover the plant's emissions. However, this is the only large cluster. In con-
trast to the balances for existing plants, many more MS allocate a surplus to the coal
and gas plant (red-striped area), or only to the gas plant, but there is no case of surplus
allocation to coal but not to gas (lower right quadrant). Therefore, operators of coal
plants in general have to purchase more allowances (compare average figures in pre-
vious section).

Figure 16: Balance comparison for new conventional plants: coal vs. gas
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Combined Heat and Power

Since again a fuel-specific analysis is made, two subsections are established. The
common findings are presented in Figure 17 in which allocation and emissions are
compared. In addition to this data, Table 14 also shows the country ranking as well as
information about the balance resulting from subtracting emissions from allocation (i.e.
shortage or surplus allocation).
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Figure 17: Allocation to new CHP plants
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New CHP coal plant (N4)

General: Compared to the existing CHP coal plant a remarkable increase of allocation
can be ascertained. The results spread from 350 EUA/GWh to 1,930 EUA/GWh (with
an average allocation of 845 EUA/GWh compared to emissions of 915 t/GWh), and
thereby relative balances range from -62% till +111%. This large variation is also high-
lighted by the standard deviation of 354 EUA/GWh. In order to comply with the polluter-
pays-criterion, the smaller the amount of gratis allocation and thus the bigger the short-
age the greater the extent of criteria fulfillment. Considering also the high average allo-
cation of 845 EUA/GWh, the compliance with the criterion is rather low.

Top 3: The top three MS all allocate via a uniform benchmark. In Bulgaria there is no
heat bonus given to CHP plants and consequently the uniform benchmark results in a
shortage of -565 EUA/GWh. Denmark provides an allocation of 373 EUA/GWh, which
is generated via a capacity-based benchmark of 1,490 t/MW (corresponds to 373
t/GWh for the applied load factor of 4,000 h/a). Furthermore, third in line is Sweden
with an allocation of 500 EUA/GWh, caused by the application of a stringent uniform
double benchmark (337 t/GWh for electricity and 118 t/GWh for heat).
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Table 14:  Allocation to new CHP plants
Country Gratis allocation Balance (Surplus or Shortage)
CHP coal (N4)] CHP gas (N5) CHP coal (N4) CHP gas (N5)

EUA/GWh | EUA/GWh JEUA/GWh % Rank] EUA/GWh| % | Rank
DE 1,930 914 1,016 111% 476 109%
UK 839 839 -75 -8% 13 401 92% 23
PL 915 438 0 0% 16 0 0% 7
IT 1,738 972 824 90% - 533 122% -
ES 892 734 -23 -2% 14 295 67% | 22
FR 629 629 -286 -31% 9 191 44% | 21
CcZ 915 438 0 0% 16 0 0% 7
NL 829 400 -85 -9% 12 -38 -9% 6
RO 744 356 -170 -19% 10 -82 -19% | 2
GR 1,061 574 146 16% 23 136 31% | 19
BE FL 915 438 0 0% 16 0 0% 7
BE BR 915 438 915 0% 16 0 0% 7
BE_WA 509 509 -406 -44% 4 70 16% | 17
BG 350 350 -565 -62% -88 -20%
Fl 619 371 -296 -32% 7 -67 -15% 8
PT 940 450 25 3% 22 12 3% 14
SK 915 438 0 0% 16 0 0% 7
AT 591 517 -323 -35% 6 79 18% 18
HU NA NA NA NA NA NA
DK 373 373 -542 -59% -66 -15% | 4
SE 500 450 -415 -45% 3 12 3% 14
IE 796 381 -119 -13% 11 -57 -13% | 5
EE 915 438 0 0% 16 0 0% 7
LT 619 619 -295 -32% 8 181 41% | 20
S 563 487 -351 -38% 5 49 1% | 16
LV 897 437 -18 -2% 15 -1 0% 7
LU 1,075 927 160 18% - 489 112% -
Average values in EUAIGWh CHP coal CHP gas Top 3
Total 845 -8% 535 22% P Last 3
Standard deviation 354 188
Double benchmark 1,041 14% 714 63%
Installation-specific allocation 915 0% 438 0%
Differentiated benchmark 1,095 20% 559 28%
Uniform benchmark 645 -30% 568 30%
Specific emissions [t/GWh] 915 438

Source:

Calculations of Fraunhofer IS| based on its EU ETS database (2008a)

Last 3: The MS performing worst regarding the polluter-pays-criterion use all double
benchmarks. A very generous allocation to coal-fired CHP is granted by Germany
where the highest allocation is provided (1,930 EUA/GWh, representing + 111%) via a
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fuel-specific benchmark combined with a high load factor (7,500h/a compared to 4,000
h/a assumed running time of the reference power plant). ltaly allocates a surplus of
90% because in addition to the fuel-specific double benchmark for the reference power
plant a high load factor leads to an excess allocation of 824 EUA/GWh. In Luxembourg
the uniform double benchmark is combined with a high load factor (6,500 h/a), which
leads to a surplus allocation of 18%.

Cluster: Again the distorting effects of differentiated benchmarks for a carbon-intensive
plant become obvious. The average for this allocation type is 1,095 EUA/GWh (+20%),
and therefore 250 EUA/GWh higher than the total average. The uniform benchmarks
allocate rather strict with an average of -30% (average of 645 EUA/GWh compared to
specific emissions of 915 t/GWh; see Top 3), like it was already ascertained in other
sections for carbon-intensive plants. Installation-specific allocation is not as often used
as for existing plants, and the resulting average allocation is with 915 EUA/GWh (+/-
0%) equivalent to the specific emissions of the reference plant, which means that there
is no large affect or use of adjustment factors.

New CHP gas plant (N5)

General: The allocation to the new reference CHP gas plant ranges from 350
EUA/GWh to 927 EUA/GWh (compared to specific emissions of 438 t/GWh), which
corresponds to the relative figures of -20% to +112%. As the total average allocation
value of 535 EUA/GWh (+22%) underlines, MS tend to provide new CHP gas plants
with a surplus (only 7 shortages). Since the compliance with the polluter-pays-criterion
is better the lower the allocation or the larger the shortage is, it becomes evident that
the majority of MS does not allocate in accordance with the polluter-pays-principle but
that other criteria such as the promotion of the climate-friendly CHP technology were
considered more important (see section 3.2.2, 3.3.2).

Top 3: Applying the same rule as for the CHP coal plant, Bulgaria provides the lowest
amount of EUAs (350 EUA/GWh, corresponding to a shortage of -20%). In Romania a
shortage of 82 EUA/GWh (-19%) is generated, which is small when compared to the
top group for other plants. A benchmark for gas multiplied with projected production
leads to this result. Ranked on the third position is Finland, where a differentiated
benchmark combined with a reduction factor of 0.77 leads to a shortage of 67
EUA/GWh (-15%).

Last 3: Like for the CHP coal plant, in the last group there are Italy (+122%) and Ger-
many (+109%), allocating according to a fuel-specific double benchmark with high load
factors (6,600 h/a and 7,500 h/a, respectively, compared to the load hours of the new
gas-fired CHP plant of 4,000 h/a). In addition, there is again Luxembourg, where a uni-
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form double benchmark with a high load factor (6,500 h/a) leads to an allocation of 927
EUA/GWh (+112%).

Cluster: In general, for new gas-fired CHP plants allocations appear not to be driven by
considerations of the polluter-pays-principle. MS allocating via installation-specific allo-
cation allocate an average value of 438 EUA/GWh (equivalent to the specific emissions
of the analyzed reference plant) and thus at least do not provide a surplus allocation.
For differentiated benchmarks the average allocation increases to 559 EUA/GWh (cor-
responding to a surplus of 28%), but worst in terms of the polluter-pays-principle per-
form MS applying double benchmarks (mostly due to the high standard load factors)
with an average value of 714 EUA/GWh (+63%) which clearly exceeds the specific
emissions of the CHP plant.

Conclusion for new CHP plants

In general, the allocation to new CHP plants is rather generous. This is highlighted by
the fact that the allocation to each plant often exceeds its actual demand and therefore
does not comply with the polluter-pays-criterion. The difference between the absolute
European average allocation to the CHP coal plant (845 EUA/GWh) and the CHP gas
plant (5635 EUA/GWh) again underlines the present relationship between emissions
and corresponding allocation. Comparing these absolute figures, the allocation to the
high emitting plant seems more generous, whereas the relative balance values (CHP
coal: -8%; CHP gas: +22%) reveal the opposite result.

With regard to the different allocation types, the double benchmark generally performs
worst in terms of the polluter-pays-principle, which is, of course, offset by a good per-
formance regarding criterion 2 (which evaluates the incentives provided for clean tech-
nologies such as CHP). MS with individual allocation achieve better results in terms of
the polluter-pays-criterion, whereas the uniform benchmark shows varying results. As
expected, the outcomes are rather good for the coal-fired CHP plant (shortage com-
pared to average: -24%); for the CHP gas plant, however, the average allocation is
slightly above emissions (+6%).

Different results can be observed with regard to new and existing plants, as the aver-
age allocation to the CHP coal plant is reduced from 944 to 845 EUA/GWh (in relative
terms: from -2% to -8%), while, at the same time, the allocation to the CHP gas plant is
increased (in absolute terms from 489 to 535 EUA/GWh; in relative terms from +4% to
+22%).
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3.3.2 Application of criterion 2: Combined heat and power

While the preceding section discussed in depth the performance of allocation rules
regarding the polluter-pays-principle, for CHP there may be good reasons to base the
evaluation of allocation rules on another criterion so as to assess the incentives
granted for clean technologies such as CHP. Corresponding to section 3.2.2 the incen-
tive to produce electricity in CHP plants is measured for new plants. The comparison
takes place by calculating the balance difference between the new conventional and
the new CHP plant for coal and gas, respectively, in each MS. The results can be
found in Figure 18, and are compared to emissions saved by using CHP in the auction-
ing case. In addition, in Table 15, also the ranking as well as the exact values are pre-
sented. A positive balance indicates a positive incentive for CHP plants (for a detailed
description of the criterion, see section 3.1.2).

Figure 18: Incentives for new CHP plants
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Source: Calculations of Fraunhofer IS| based on its EU ETS database (2008a)

New coal-fired plants

General: The results for this criterion for coal-fired power plants show large variations
across MS with the spread ranging from -612 EUA/GWh to +705 EUA/GWh and there-
fore from an enormous disincentive to an enormous incentive (see Table 15 for re-
sults). This variation is underlined by a high standard deviation of 313 EUA/GWh.
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However, the general tendency, supported by an average value of +72 EUA/GWh,
shows an incentive for the CHP plant, and thus complies with the criterion.

Table 15:  Incentives for new CHP plants

Difference of balances (allocation - emissions)
between new CHP and conventional plant
Country
Coal Gas
EUA/GWh Rank EUA/GWh Rank
DE 671 2 237 5
UK 307 5 374 2
PL -47 18 -24 20
IT 590 3 462 1
ES -4 15 359 3
FR 531 |24l 162 7
CZ 0 12 0 12
NL -20 17 -9 17
RO 180 |28 | 88 22
GR 182 8 152 8
BE FL 705 1 -23 19
BE_BR NA 0 12
BE_WA 299 6 -102 23
BG -612
Fl 181
PT -105
SK 0
AT 32
HU NA
DK -100
SE 290 7 348 4
IE -78 19 -13 18
EE 0 12 0 12
LT -146 22 108 |25 |
Sl 39 10 70 10
LV -4 15 0 12
LU 338 4 232 6
Top 3 Last 3

Average values in EUA/GWh Coal Gas
Total 72 76
Standard deviation 313 166
Double benchmark 279 253
Emission saving [/GWh] 99 112

Source: Calculations of Fraunhofer ISI based on its EU ETS database (2008a)
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Top 3: In the Belgian Flanders region there is no allocation free of charge to coal
plants, which leads to a large surplus for the CHP plant, whose allocation is emission-
based and no adjustment factors are applied (705 EUA/GWh). In Germany a generous
benchmark and a high load factor (see 3.3.1) generate a high surplus for the CHP coal
plant, which exceeds the surplus allocated to the conventional coal plant by far (671
EUA/GWh). The same reasons cause the incentive in Italy (590 EUA/GWh).

Last 3: In Bulgaria a disincentive of 612 EUA/GWh for the CHP coal plant is generated.
This is due to a uniform benchmark for CHP, which does not cover the emissions of a
CHP coal plant, since no special bonus for heat production is provided. Due to a disin-
centive for coal-fired CHP of 531 EUA/GWh France is also in the last group. This value
is caused by a surplus allocation to the conventional and a shortage for the CHP plant,
mostly because of a uniform benchmark (629 EUA/GWh). In Romania the value of -180
EUA/GWh is calculated for the criterion, because the applied benchmark for CHP
plants does not provide allowances for heat production, which leads to a shortage,
whereas the conventional plant has an almost even balance.

Cluster: Again, like for existing plants, the allocation via double benchmarks complies
in general more with the criterion. The average incentive in MS with double bench-
marks is 279 EUA/GWh and exceeds thereby the total average by 207 EUA/GWh,
which underlines the effectiveness of double benchmarks in incentivizing new coal-fired
CHP plants compared to conventional coal-fired power plants.

New gas-fired plants

General: In general, MS provide incentives for the CHP gas plant when compared to
the conventional gas plant (but 10 MS provide a disincentive). The average outcome of
+76 EUA/GWh in favour of the CHP plant indicates compliance with the criterion (see
Table 15 for results). The spread of -112 EUA/GWh to +462 EUA/GWh is much smaller
than the one for coal-fired plants which is mainly caused by the lack of an extreme out-
lier providing a disincentive for the CHP plant.

Top 3: In the top group are ltaly, the UK and Spain which all apply a benchmark ap-
proach. Italy provides a large incentive (462 EUA/GWh) for the CHP plant by applying
a fuel-specific benchmark for both plants, and additionally a double benchmark for
heat. In the UK the balance difference of 374 EUA/GWh is caused by a large surplus
for the CHP gas plant which is due to a uniform double benchmark. Finally, since in
Spain the allocation to conventional plants is reduced by a compliance factor (0.746)
while new CHP plants receive EUAs via a uniform benchmark for their full production, a
relative incentive of 359 EUA/GWh is generated.



Comparison of allocation rules of EU member states (2008-2012) for the power sector 63

Last 3: By the application of a uniform benchmark without heat bonus Portugal pro-
vides a disincentive for the CHP gas plant of -102 EUA/GWh. The reason for this in-
centive for the conventional plant when the same allocation rule is applied is that the
reference conventional gas plant has a higher electric efficiency than the CHP plant.
Moreover, in Lithuania a uniform benchmark is applied as well. However, the bench-
mark for CHP plants is slightly stricter than for the conventional plants (23 EUA/MW),
thereby leading to the slightly worse result of -108 EUA/GWh. On the last position is
Bulgaria which is due to a similar treatment of conventional and CHP plants without
considering additional heat production.

Cluster: With an average incentive for the CHP plant of 253 EUA/GWh the MS applying
double benchmarks perform better than the total average (+177 EUA/GWh). Therefore,
once again the supporting effect of double benchmarks compared to other (special)
treatments for CHP plants is illustrated.

Conclusion

The combined heat and power criterion analyzes the treatment of new CHP plants
compared to new conventional plants combusting the same fuel. The positive average
values both for coal- (72 EUA/GWh) and gas-fired CHP plants (76 EUA/GWh) under-
line the support for CHP technology. In general, CHP plants are favoured over the cor-
responding conventional plants, in spite of the fact that their electricity-related emis-
sions are higher. Therefore, the positive incentives for this criterion require not only
higher allocation, but also the consideration of an additional bonus for heat. Summing
up, there is a high degree of compliance with the CHP criterion, which is in line with the
results for existing plants.

3.3.3 Application of criterion 3: Carbon-intensity

To evaluate the results of the prior criterion through the complete set of new reference
power plants, similar to 3.2.3, the incentive order with regard to new plants is analyzed.
For new plants the incentives provided by the EU ETS represent a crucial issue as they
have a direct economic value (EUA), which therefore contributes to investment deci-
sions. Consequently the order of plants established by economic incentives should be
aligned with the order in terms of carbon-intensity of the reference power plants (for a
detailed description of the criterion, see section 3.1.3). The results can be seen in
Table 16.
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Table 16: Incentive order for new plants

. . Order of EUA-balance for new plants
Change in Ranking ]
(in EUA/GWh)
Country Parameter Highest Lowest
Yes No shortage shortage
1 2 3 4 5
DE X Plant Lignite Gas Coal CHP (gas) CHP (coal)
EUA/GWh -162 239 345 476 1,016
UK v Plant Coal CHP (coal) Gas CHP (gas)
EUA/GWh -382 -75 27 401
PL X Plant CHP plants Gas Lignite Coal
EUA/GWh 0 0 24 31 47
T X Plant Gas Coal CHP (gas) CHP (coal)
EUA/GWh 71 234 533 824
ES X Plant Lignite Gas CHP (coal) Coal CHP (gas)
EUA/GWh -394 -64 -23 -19 295
FR X Plant CHP (coal) Gas CHP (gas) Coal
EUA/GWh -286 29 191 245
cz v Plant Conventional and CHP plants
EUA/GWh 0 0 0 0 0
NL X Plant CHP (coal) Coal CHP (gas) Gas
EUA/GWh -85 -66 -38 -29
RO X Plant Lignite CHP (coal) CHP (gas) Gas Coal
EUA/GWh -190 -170 -82 6 9
GR X Plant Lignite Coal Gas CHP (gas) CHP (coal)
EUA/GWh -235 -36 -16 136 146
Plant Coal CHP plants Gas
BE_FL X EUA/GWh -705 0 [ 0 23
Plant Conventional and CHP plants
BE_BR EUA/GWh 0 0 0
Plant Coal CHP (coal) CHP (gas) Gas
BE_WA X EUA/GWh -705 -406 70 173
BG X Plant CHP (coal) CHP (gas) Gas Lignite Coal
EUA/GWh -565 -88 24 31 47
FI v Plant Coal CHP (coal) Gas CHP (gas)
EUA/GWh -477 -296 -183 -67
PT X Plant CHP (gas) CHP (coal) Gas Coal
EUA/GWh 12 25 114 131
SK v Plant Conventional and CHP plants
EUA/GWh 0 0 0 0 0
AT v Plant Lignite Coal CHP (coal) Gas CHP (gas)
EUA/GWh -554 -355 -323 14 79
Plant
HU EUA/GWh
DK X Plant CHP (coal) Coal CHP (gas) Gas
EUA/GWh -542 -442 -66 -40
SE v Plant Coal CHP (coal) Gas CHP (gas)
EUA/GWh -705 -415 -336 12
IE X Plant CHP (coal) CHP (gas) Gas Coal
EUA/GWh -119 -57 -44 -41
EE v Plant Conventional and CHP plants
EUA/GWh 0 0 0 0 0
LT X Plant CHP (coal) Coal CHP (gas) Gas
EUA/GWh -295 -149 181 289
S| v Plant Lignite Coal CHP (coal) Gas CHP (gas)
EUA/GWh -589 -390 -351 -21 49
LV X Plant CHP (coal) Coal CHP (gas) Gas
EUA/GWh -18 -14 -1 -1
LU v Plant Coal CHP (coal) Gas CHP (gas)
EUA/GWh -178 160 257 489
Ideal order Lignite Coal CHP (coal) Gas CHP (gas)

Fulfilment of criterion

Source: Calculations of Fraunhofer IS| based on its EU ETS database (2008a)
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General: AlImost half of the MS fulfill the criterion meaning that the incentive order cor-
responds to the carbon-intensity of plants. Thus, there is a remarkable improvement in
the performance of MS according to this criterion when compared to existing plants,
where only 3 MS complied with the criterion to a certain extent.

Conclusion: The fulfilment of the carbon-intensity criterion requires an incentive order
which reflects the total carbon efficiency of all new plants. This means that a less effi-
cient plant cannot have a higher surplus (or lower shortage) than a plant with higher
carbon efficiency. In order to achieve this result, especially the production of heat has
to be considered, since the reference CHP plants have a lower electrical efficiency than
conventional ones but still contribute to a reduction of overall emissions (including
those from heat generated by non-CHP plants not covered by the EU ETS). The in-
crease in compliance with the criterion when compared with existing plants reveals, on
the one hand, the rising share of MS with preferential allocation rules for CHP (e.g.
heat bonuses). On the other hand, the declining correlation between emissions and
corresponding allocation (see e.g. Figure 15) reduces the risk of incentive changes
(only “reduces” because an allocation corresponding to emissions leads to an even
balance for all plants, see e.g. Slovakia).

3.34 Application of criterion 4: Energy efficiency

Similar to section 3.2.4 two plants of different electric efficiency are compared (for a
detailed description of the criterion, see section 3.1.4) so as to evaluate the incentive
provided for an energy efficiency increase (lignite: 41% to 45%; coal: 44% to 48%; gas:
56% to 60%; CHP coal: 33% to 37%; CHP gas: 42% to 46%). As this time the com-
parison is made for new plants, even the allocation and not only the emissions can be
influenced by a change in efficiency. However, this is only true for installation-specific
allocation rules as they consider the modification of the plant (typically by basing the
allocation on projected emissions). In contrast, in countries with benchmarks the alloca-
tion is not affected by an energy efficiency change of the plant. Note that it is assumed
that the change in efficiency does not change the amount of production (load factor). In
the following, the incentives for energy efficiency improvements by installation-specific
allocation are compared to those based on all other forms of allocation.

General: All 4 MS providing an installation-specific allocation to new entrants do not
apply any additional factors (CF, GF etc.). Hence, in all of these countries the resulting
balance from the efficiency improvement is equal to 0 and thus there is no incentive for
an energy efficiency increase. For all other MS, there is an incentive for energy effi-
ciency improvements corresponding to the emissions saved through the measures.
This incentive to invest into a more energy efficient plant does not vary between the
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remaining applied allocation types. The uniform effect for all allocation approaches ex-
cept for installation-specific allocation (i. e. based on projected emissions) is shown in
Figure 19.

Figure 19: Emission reduction caused by efficiency improvements for new plants
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Conclusion: The energy efficiency criterion analyzes the incentives provided for in-
creasing the efficiency of new plants. This is always associated with positive incentives
except for installation-specific allocation. The results range from a surplus of 24
EUA/GWh for a conventional gas plant to 111 EUA/GWh for a CHP coal plant. Differ-
ences in allocation rules do not matter.

3.4 Application of criterion 5: Replacement of plants

The criterion “replacement of plants” analyzes the incentives provided by each MS to
replace an existing reference plant with a new plant. Since new plants of the same
technology and fuel are always more efficient, in order to comply with the criterion, a
positive incentive for replacement is required (for a more detailed description, see
3.1.5). The analysis is plant-specific22 so there are four parts to this section. The
analysis becomes more complex if cross-technology replacements are considered.

22 Replacement incentives provided for the CHP gas plant are — due to space limitations —
used as the example for CHP plants, i.e. the replacement incentives for coal-fired CHP
plants are not analyzed in detail.
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The results for replacing a conventional plant with a corresponding new one are pre-
sented in Figure 20, while the replacement of an existing CHP plant with the corre-
sponding new one is shown in Figure 21. Both figures compare the incentives in
EUA/GWh with the resulting emissions savings and thus with the incentives provided in
an auctioning case. In addition, information about the incentives provided for a cross-
fuel or cross-technology replacement of plants can be found in the tables presented in
this section.23 The MS-specific figures illustrate actual replacement incentives. How-
ever, to get a more general idea of the replacement incentives offered across Europe,
EU-wide trends are examined in the discussion using average values for the EU. Of
course, these average values are not representative for the incentive situation of the
individual MS; for this information, the reader should refer to the specific results in the
corresponding tables.

Figure 20: Replacement of conventional plants

EUA/GWh/a 600

No allocation rules for lignite plants
No allocation rules for lignite and coal plants( ngnlte B Coal B Gas ‘

No allocation rules for coal plants
No allocation rules

Source: Calculations of Fraunhofer IS| based on its EU ETS database (2008a)

23 An emission increase after replacing a plant is shown in red.
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Replacement of existing lignite plant

Replaced by a new lignite plant: Replacing an older lignite-fired power plant leads to a
reduction in the specific emissions of 139 EUA/GWh (-13%), but the new lignite plant
still emits 904 t/GWh, which is by far the highest value among the new plants. On aver-
age, MS do not provide incentives to invest in replacing old lignite power plants by new
ones (-97 EUA/GWh). This reflects the fact that there are more carbon-efficient new
power plant types which achieve significantly higher CO, savings. There is a large
spread of -589 EUA/GWh to 267 EUA/GWh, which, however, is mainly caused by Ger-
many — the only MS to offer a positive replacement incentive for lignite-lignite.

Replaced by a new coal plant: Replacing an existing lignite plant with a new coal one
would lead to an emissions saving of 338 t/GWh (-32%). The results vary widely across
the MS which is highlighted by the range from -390 EUA/GWh to 774 EUA/GWh and
the highest standard deviation (290 EUA/GWh) among the conventional plants. There-
fore, it is very difficult to determine a general tendency, even though the average value
of +59 EUA/GWh shows a slight positive incentive for the replacement of old lignite-
fired plants with new hard coal-fired ones.

Replaced by a new gas plant: Since the existing lignite plant has the highest emissions,
replacing it with a new gas plant saves 707 t/GWh (-68%) so that positive replacement
incentives could be expected. However, the results show that only a few MS provide a
positive replacement incentive for these two technologies. On average, this replace-
ment incentive amounts to +109 EUA/GWh. In addition, there are even countries where
the high efficiency of the gas plant is not reflected at all (spread from -68 EUA/GWh to
+668 EUA/GWh).

Replaced by a new CHP coal plant: Replacing the lignite plant with a CHP coal plant
results in an emissions saving of 437 t/GWh (-42%). This is reflected in the positive
replacement incentives provided (average value of +66 EUA/GWh). The incentive is
rather low compared to the emission savings, but this moderate figure is caused by a
few outliers (spread from -595 EUA/GWh to 1,444 EUA/GWh).

Replaced by a new CHP gas plant: Although replacing an existing lignite plant with a
new CHP gas one leads to the highest emission savings (819 t/GWh or -79%), there
are MS which actually have disincentives for such a replacement. This result is re-
flected in the wide range from -119 EUA/GWh to 904 EUA/GWh. The positive average
value of 169 EUA/GWh expresses a clear tendency to support gas-fired CHP, but does
not adequately reflect the enormous potential of this replacement.
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Table 17: Replacement of existing lignite plant
Balance for replacement of existing lignite plant (marked grey) by

Country Lignite (N1) Coal (N2) Gas (N3) CHP coal (N4) ] CHP gas (N5)

Balance Balance Balance Balance Balance

EUA/GWh | Rank ] EUA/GWh [ Rank | EUA/GWh | Rank | EUA/GWh | Rank ] EUA/GWh | Rank|
DE 267 1 774 1 668 1 1,444 1 904 1
UK NA NA NA NA NA
PL 31 2 47 3 24 4 0 5 0 6
IT NA NA NA NA NA
ES -37 6 338 2 293 3 334 2 652 2
FR NA NA NA NA NA
CZ -13 5 -13 7 -13 7 -13 7 -13 8
NL NA NA NA NA NA
RO 2221 22 | 8| -25 201 |0ol -113_ [hiol]
GR -270 -71 111 3 101 4
BE FL NA NA NA NA NA
BE BR NA NA NA NA NA
BE WA NA NA NA NA NA
BG 1 3 17 5 -6 6 595 || -119 [T
Fl NA NA NA NA NA
PT NA NA NA NA NA
SK 0 4 0 6 0 5 0 5 0 6
AT -165 8 34 4 403 2 66 4 468 3
HU NA NA NA NA NA
DK NA NA NA NA NA
SE NA NA NA NA NA
IE NA NA NA NA NA
EE 68 | 7 | -68 68 | 8 | -68 |nol|
LT NA NA NA NA NA
S| -589 |l -390 221 8 | -351 |ol| 49 5
LV NA NA NA NA NA
LU NA NA NA NA NA
Average values in EUAGWh N1 N2 N3 N4 N5 Top 3
Total -97 59 109 66 169 [ Last 3
Standard deviation 217 290 239 519 345

Source:

Replacement of existing coal plant

Calculations of Fraunhofer IS| based on its EU ETS database (2008a)

Replaced by a new lignite plant: The new lignite plant has higher specific emissions
than the existing coal plant (new lignite plant: 904 t/GWh; existing coal plant: 806
t/GWh; increase of 12%). Therefore supporting replacement corresponds to setting
perverse incentives. In general, this is avoided (average value of -153 EUA/GWh,
spread from -589 EUA/GWh to 36 EUA/GWh), but moderate perverse incentives do
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exist in three MS (Germany, Poland and Bulgaria) which are contrary to the expected
incentive structure favouring carbon efficiency.

Table 18: Replacement of existing coal plant

Balance for replacement of existing coal plant (marked grey) by

Country Coal (N2) Gas (N3) CHP coal (N4)j CHP gas (N5)

Balance . Balance Balance Balance Balance

EUA/GWh | Rank § EUA/GWh | Rank} EUA/GWh | Rank § EUA/GWh | Rank | EUA/GWh | Rank]
DE 36 4 1,213 1 673 4
UK NA 8 118 10 595 6
PL 31 15 0 13 0 17
IT NA 10 948 2 658 5
ES -275 13 97 11 415 8
FR NA 14 | 264 [ 213 [ 11
(074 -10 6 -10 14 -10 18 -10 15 -10
NL NA 150 5 186 11 130 8 177
RO 214 | 5 15 | 16| -18 - 194 | 18| -106
GR -262 3 -63 19 -43 119 9 109 14
BE_FL NA 101 7 829 2 806 3 806 3
BE BR NA NA NA NA NA
BE_WA NA 101 7 978 1 400 4 876 1
BG s |8 24 [13 1 16 | -588 |h2dl -112 |21
Fl NA 80 11 374 6 261 6 490 7
PT NA 156 6 139 12 51 12 37 16
SK 0 7 0 12 0 17 0 13 0
AT -253 4 -54 18 315 7 -23 16 380 9
HU NA NA NA NA NA
DK NA -24 15 378 5 -124 17 352 10
SE NA 101 7 470 3 391 5 817 2
IE NA 213 4 210 9 135 7 197 12
EE NA NA NA NA NA
LT NA NA NA NA NA
S| 589 | 1 | -390 [21 ] 21 |20 -351 [0 49 [ 15
LV NA NA NA NA NA
LU NA NA NA NA NA
Average values in EUA/GWh N1 N2 N3 N4 N5 Top 3
Total -153 71 227 148 315 Last 3
Standard deviation 203 190 278 425 322 .Perv. incentive

Source: Calculations of Fraunhofer IS| based on its EU ETS database (2008a)

Replaced by a new coal plant: On average, EU MS incentivize the replacement of old
with new and more efficient coal-fired power plants by +71 EUA/GWh (leading to a re-
duction in CO, emissions of 101 t/GWh; reduction: -13%). Yet, at the same time, the
large spread from -390 EUA/GWh to 542 EUA/GWh reflects the existing diversity
among MS.
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Replaced by a new gas plant: As a new gas plant emits less than half the carbon diox-
ide of an older coal plant (specific emissions: 806 t/GWh for existing coal plant; 336
t/GWh for new gas plant; reduction: -58%), strong incentives are expected according to
the replacement criterion. The majority of MS conform to these expectations as dem-
onstrated by the average replacement incentive of 227 EUA/GWh. Nevertheless, there
are a few outliers, shown by the range from -43 EUA/GWh to +978 EUA/GWh.

Replaced by a new CHP coal plant: The specific emissions of 606 t/GWh of the new
CHP coal plant (reduction: -25%) should lead to a general, positive replacement incen-
tive. This is confirmed by an average value of +148 EUA/GWh, but balances show a
large spread of results ranging from -588 EUA/GWh to +1,213 EUA/GWh with seven
MS actually providing disincentives. In addition, the high standard deviation of 425
EUA/GWh underlines the diversity among MS.

Replaced by a new CHP gas plant: The possible CO, savings of 582 t/GWh (72%) are
reflected by the positive average incentive of 315 EUA/GWh. As with all other average
figures, however, this does not reflect the total amount of saved CO,, but underlines a
clear tendency in favour of the gas-fired CHP plant. There are disincentives only in the
Czech Republic, Romania and Bulgaria, which explains the lower part of the range
from -112 EUA/GWh to 876 EUA/GWh.

Replacement of existing gas plant

Replaced by new lignite plant: This replacement would generate an enormous emis-
sion increase per GWh, as the new lignite plant emits 544 t/GWh more than the older
gas plant (+151%). This fact is considered by MS which usually have disincentives for
such a move (between -589 EUA/GWh and +31 EUA/GWh), resulting in an average
value of -178 EUA/GWh. However, some MS provide perverse incentives as indicated
by the positive EUA/GWh balance.

Replaced by a new coal plant: The carbon efficiency of the existing gas plant is almost
twice as high as that of the new coal plant (comparison of specific emissions: 360
t/GWh for existing gas plant; 705 t/GWh for new coal plant; increase: +96%). There-
fore, from an carbon efficiency point of view, there should be no incentives provided for
such a replacement. The results across MS vary a lot and range from -1,099 EUA/GWh
to +398 EUA/GWh, showing that some MS actually do provide perverse incentives.
However, on average, there is a disincentive of -129 EUA/GWh showing that, in gen-
eral, this type of replacement is not encouraged.
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Replaced by a new gas plant: As the specific emissions of the new gas plant are 24
t/GWh (-7%) below the emissions of the existing plant, according to criterion 5, there
should be incentives to replace the older plant. A spread of -221 to +329 EUA/GWh
underlines the variation through MS and illustrates that not all MS incentivize this car-
bon efficiency improving replacement. However, Figure 20 as well as the average
value of +36 EUA/GWh reveal a slight tendency towards positive incentives for re-
placement.

Table 19: Replacement of existing gas plant
Balance for replacement of existing gas plant (marked grey) by
Country Gas (N3) [CHEESENIEN cHP gas (N5)
Balance Balance . Balance Balance Balance
EUA/GWh Rank EUA/GWh Rank} EUA/GWh | Rank EUA/GWh Rank§} EUA/GWh | Rank

DE -108 | 6 398 292 2 | 1,069 529
UK NA -385 25 10] -78 | 10| 399 [ 4
PL 31 |l 47 [20] 24 [ 11 0 19 0 17
IT NA 282 120 [ 4 | 872 [1260| 582 [N
ES -306 3 69 24 12 65 22 | 383 5
FR NA 255 39 g8 | 276 | 7 200 7
Cz -5 8 -5 15 -5 19 -5 15 -5 20
NL NA 20 18 57 7 1 20 | 48 14
RO 200 | 5 -1 16 -5 20| 181 [ 9 93 | 22
GR 247 | 4 48 [ 12| 28 [ 23] 134 [ 23] 124 | 10
BE_FL NA 704 | 2 24 12 1 20 1 16
BE_BR NA NA 0 17] 915 | 17 0 17
BE_WA NA 1,000 [ 1| 221 [726| -s00 [ 1| -323 [26
BG 21 Mol 37 |19 14 |15 575 [ 2| 99 | 24
FI NA 227 | 8 68 6 -45 | 12 ] 184 8
PT NA 91 | 11| 107 |28 196 | 8 | -209 |25
SK o e o 17 0 17 0 17 0 17
AT 531 | 2| 332 | 7 37 9o | 301 | 6 102 [ 11
HU NA NA NA NA NA
DK NA 470 | 3| -68 |24 570 | 3 | 94 [ 23
SE NA 345 | 6 24 12] 55 | 11| 372 6
IE NA 73 22 70 5 -5 15 56 12
EE -23 7 23 [ 13] 23 [22] -23 [13] -23 [ 21
LT NA -183 [ 9 255 3| 329 | 5 147 9
Sl 589 | 1] -390 | 4 21 [ 21] 351 [ 4 49 13
LV NA -6 14 6 16 ] -10 6 15
LU NA 106 | 10| 329 [ 1 232 561 |
Average values in EUA/GWh N1 N2 N3 N4 N5 Top 3
Total 178 <129 36 20 111 Last 3
Standard deviation 221 320 114 428 233 .Perv. incentive

Source: Calculations of Fraunhofer ISI based on its EU ETS database (2008a)
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Replaced by a new CHP coal plant: The existing gas plant is more carbon-efficient than
the new CHP coal one (specific emissions of 360 vs. 606 t/GWh; increase: 68%) —
even with the applied heat bonus. The fulfiiment of the criterion therefore requires a
disincentive which is indicated to a slight extent by the MS average of -55 EUA/GWh.
However, the incentive situation varies significantly throughout the EU (-800 EUA/GWh
to +1,069 EUA/GWh, standard deviation of 384 EUA/GWh), with some MS providing
perverse incentives.

Replaced by a new CHP gas plant: Since the heat production of the CHP plant is also
considered, an emission reduction of 136 t/GWh (-38%) can be achieved by the re-
placement. This is reflected in the positive average value of 111 EUA/GWh which im-
plies compliance with the criterion. Yet, more importantly, there is also a large variation
from -323 EUA/GWh to +561 EUA/GWh among MS, showing that there are also MS
that do not provide incentives for such a replacement.

Replacement of existing CHP gas plant

Since the CHP gas plant has the lowest specific emissions (224 t/GWh), the analysis of
the incentive situation for a replacement serves mainly to determine whether perverse
incentives occur.

Replaced by a new lignite plant: Replacing the CHP gas plant with a new lignite plant
increases emissions by 680 EUA/GWh (+303%). MS offer the expected disincentive,
shown by the average value of -222 EUA/GWh. The total emission difference is only
considered by Slovenia, where the disincentive of -689 EUA/GWh approximately mir-
rors the emission increase. The figures for the other countries range from -31
EUA/GWh up to the large incentive in Slovenia. However, Bulgaria and Slovakia pro-
vide perverse incentives.

Replaced by a new coal plant: The new coal plant’s emissions are more than two times
higher than the existing CHP gas plant’s emissions (increase: +215%) so that no coun-
try should be offering incentives to replace one with the other. Nevertheless, seven MS
do favour the new coal plant by providing perverse incentives, in contrast to the major-
ity of MS which have disincentives (range of -769 EUA/GWh to 301 EUA/GWh). The
tendency towards favouring the existing CHP gas plant is confirmed by the average
value of -165 EUA/GWh.
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Figure 21: Replacement of existing CHP plants
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Source: Calculations of Fraunhofer IS| based on its EU ETS database (2008a)

Replaced by a new gas plant: Considering that such a replacement causes an emis-
sion increase of 112 t/GWh (+50%), it should not be incentivized. However, about half
the MS favour the existing CHP plant, whereas the other half favour the new gas plant
by providing perverse incentives (large spread of -367 EUA/GWh to 296 EUA/GWh,
with an average of +2 EUA/GWh).

Replaced by a new CHP coal plant: As the new CHP coal plant has higher specific
emissions (emissions: 606 t/GWh; increase: 171%) than the existing CHP gas plant,
there should be a general disincentive for replacement. The average value of -89
EUA/GWh shows that there is the right tendency among MS, but at the same time the
enormous range from -869 EUA/GWh to 971 EUA/GWh illustrates the existing varia-
tion. Consequently, it is not possible to ascertain a clear trend. In total, 7 MS provide
perverse replacement incentives.

Replaced by a new CHP gas plant: The new CHP gas plant has a higher electrical but
lower thermal efficiency than the existing plant. The specific emissions are the same
because the plants are similar with regard to their carbon efficiency and because of the
implementation of a heat bonus (see section 2.3). Hence, a replacement would not
result in any improvement. Despite this, the results vary widely again from -393
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EUA/GWh to 528 EUA/GWh and a positive average incentive of 77 EUA/GWh is
granted despite the unchanged emission intensity.

Table 20: Replacement of existing CHP gas plant

Balance for replacement of existing CHP (gas) plant (marked grey) by

Country— CHP gas (N5)

Balance Balance Balance Balance Balance

EUA/GWh | Rank} EUA/GWh | Rank] EUA/GWh | Rank | EUA/GWh | Rank] EUA/GWh | Rank]
DE 206 | 6 | 301 3
UK NA -382_| 5 27 18 75 | 12 401 [ 5
PL 31 [l 47 |20 24 17 0 16 0 15
IT NA 73 [ 21| -89 7 663|026 373 | 6
ES 275 | 5 | 100 [22] 55 20 % | 23] 415 | 4
FR NA 258 oA 42 19 | 273 [ 8| 203 | 7
Ccz -6 8 6 | 16] -6 10 6 | 15] 6 |19
NL NA 239 | 8 | 202 | 3 | 258 | o | -211 .
RO 412 | 3] 213 [10] -216 2 | 392 [ 5] -304
GR 311 | 4 | 112 [14] o 6 70 (22| 60 | 11
BE_FL NA 705 | 3 23 16 0 16 0 15
BE_BR NA NA 0 11 915 | 16 0 15
BE WA | NA 705 | 2 | 173 | 23 | 406 | 4 70 [ 10
BG 18 ol 33 [19] 10 15 | 578 | 2 | 102 [ 22
FI NA 366 | 6 | -72 8 | 184 [11] 45 |12
PT NA 131 |028| 114 | 21 25 |20 12 |13
SK o el o 18 0 11 0 16 0 15
AT 560 | 2 | -361 | 7 8 13 | 329 [ 7 73 9
HU NA NA NA NA NA
DK NA 769 | 1 | -367 1 869 | 1 | -393 [126]
SE NA 236 | 9 | 133 | 22 54 [ 21| 480 | 2
IE NA 115 | 13 -118 5 | 193 [10] -131 [ 23
EE 30 | 7] 30 [15] 30 9 30 | 13 -30 [ 20
LT NA 194 | 11| 245 |[B28 340 [ 6 | 137 | 8
S| 689 | 1 | -490 [ 4 | -121 4 | 451 [ 3] 51 [ 21
LV NA 4 |7 8 13 -8 | 14 8 14
LU NA 139 | 12| 296 |96 100 [ 528 [ 4
Average values in EUAGWh N1 N2 N3 N4 N5 Top 3
Total -222 -165 2 -54 77 Last 3
Standard deviation 252 288 145 413 238 .Perv. incentive

Source: Calculations of Fraunhofer ISI based on its EU ETS database (2008a)

Conclusion

The replacement of plants criterion analyzes the incentives provided by each MS to
replace an existing reference plant with a new plant. MS generally set incentives to
replace plants with lower carbon efficiency by those with higher carbon efficiency.
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However, the incentives offered do not generally reflect the full amount of emission
savings. Also, there are large variations across MS and, in many instances, MS provide
perverse incentives to replace existing plants with new ones which actually have higher
specific carbon dioxide emissions. However, when considering the average values,
there are no incentives for new lignite plants. Furthermore, on average, new coal plants
are only supported when compared to the less carbon-efficient existing coal and lignite
plants, and, overall, MS do tend to provide incentives for low carbon alternatives.24

3.5 Overview of findings

This chapter summarizes the overall results for the different criteria discussed in the
previous sections. Table 21 shows the main results for the criteria 1 (polluter-pays-
principle), 2 (combined heat and power), 3 (carbon-intensity) and 5 (replacement of
plants). Criterion 4 (energy efficiency) is not shown because of the lack of country dif-
ferences.

In Table 21, the fulfilment of each criterion is indicated for each MS. In general, a “
(and green shading) stands for fulfiiment, whereas an “x” (and red shading) represents
a failure to meet the criterion. Since compliance with criterion 1 (polluter-pays-principle)
is only possible to a certain extent in the second phase of the EU ETS (because of the
maximum total auctioning share of 10%) and MS ought by default to fail this criterion in
almost all instances, three types of evaluation status are applied here. First, over-
allocation to a plant results in failure to meet the criterion (“x”). Second, MS which do
not over-allocate are shown in yellow with an “o”. Third, MS which do not provide gratis
allocation fulfil the criterion, i.e. are marked with a “v”. MS fail criterion 2 (combined
heat and power) if they have a disincentive for the CHP plant and fail criterion 3 (car-
bon-intensity) if there is a change in the ideal incentive order (again indicated by an
“x”). For criterion 5 (replacement of plant), MS with positive incentives for the replace-
ment of a plant by a more carbon-efficient one fulfil the criterion (“v"). If replacement
leads to higher emissions, a disincentive for replacement fulfils the criterion, whereas
perverse incentives result in a failure (see section 3.1.5). MS without allocation rules for

the criteria are marked “NA” (not applicable).

According to Table 21 the majority of MS perform well in the different criteria. However,
criterion 3 turns out to be the hardest to fulfil and the bad result for existing plants is
only partly compensated by the better performance regarding new plants. Moreover,

24 Of course, the incentives for the replacement of plants are not dependent on average fig-
ures but on the specific values.
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the MS affected most by the EU ETS (measured by the amount of emissions covered
by the EU ETS, see section 2.2) mostly achieve good results in all criteria except for
criterion 1 (polluter-pays-principle), particularly for new plants. The opposite side of the
same coin is that these MS provide large incentives for replacements and thus invest-
ment subsidies. However, some MS also have perverse incentives, i.e. investment in-
centives for higher emissions plants (see criterion 5). Also, there is a certain set of MS
(CZ, RO, GR) with generous allocation to existing plants, which results in a lack of in-
centives for replacing these by more efficient plants. There are several MS that meet
more than one criteria, but Finland appears to have the best overall performance for
the entire set of criteria.25

Three final cautious remarks are in order. First, it should be kept in mind that this over-
view comes at the cost of reducing the richness and depth of the data presented in the
preceding sections. Therefore, while the country classification presented in the over-
view Table 21 helps to better break down the complexities and variations of EU ETS
allocation rules and the incentives these rules provide, an evaluation of the perform-
ance of the whole set of allocation rules chosen by each MS should always draw on the
full set of data presented throughout this chapter. Also, it is not enough to look at one
criterion only, but the interplay of the rules and the partly opposing effects need to be
taken into consideration for the evaluation of a country’s set of allocation rules.

Second, the results presented in this study clearly depend on the assumptions speci-
fied for the set of reference power plants and on the uniform emission factors of fuels.
That is, there are no country-specific modifications regarding the set of reference
power plants (see section 2.3) nor for the emission factors (see section 2.3).

Finally, while great effort was put into the collection of up-to-date allocation rules of EU
MS, there remains a factor of uncertainty regarding the rules of the NAPs. These un-
certainties, mostly resulting from unanswered information requests or from outstanding
final decisions on allocation rules for phase 2 of the EU ETS (almost 1.5 years after the
official notification date) could only be addressed by making assumptions for different
country figures or formulas. These uncertainties and assumptions are listed in Table 38
(Annex).

25 In this study, no overall ranking is undertaken. Such a ranking would require a weighting
with regard to the different criteria.



Table 21:  Overview of findings
Criterion 1: Criterion 2: Criterion 3 Criterion 5:
Polluter-pays-principle CHP Carbon-intensity Replacement of plants
Country Existing plants New plants Existing New Existing] New
E1 E2 E3 E4 E5]N1 N2 N3 N4 N5] plants plants plants | plants E1 E2 E3 E4 E5

Coal Gas]Coal Gas N1 N2 N3 N4 N5IN1 N2 N3 N4 N5IN1 N2 N3 N4 N5IN1 N2 N3 N4 N5IN1 N2 N3 N4 N5
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BE BR | NA [NA] o [NA NAINA| o o]l NA| N ] NA NA NA INA]NA[NA|NA] NAINA|NA] NA| NA[NAJNA|NA NA|NA[NA|NA|NAINA|NA]
BE WA NA| Y 0 NA| y \l NA|NA[NA|NA|NAINAL N V| V| VINAL Y N NA| A [ \ INAL A N
BG N | W MR MR MR y
Fl NA]loflo|lo]oINAl o] o NNV Y N INAINA|NA[NAINAINAL N VN AINAL N N YV INAL Y] Y VINAL NV VY
PT NA | o o NA R NA[NA|NA|NA[NAINA] N [ V] V]V INAL Y N NA VAV INA \
SK o |o o o olo]|o \ v v v MR v ME MEARAR
AT o ]o o ofo NV Y \ NIV V] NN \ NV VNV VLY MR MR NV
HU NA |NA[NA|NA]NAINA| NA| NAINA[NA] NA [ NAT NA | NA| NA NA INA]NA[NA|NA|NAINA|NA| NA| NA[NAINA|NA[NA| NA] NAINA| NA| NA
DK NA | o NAlo|lo|loflof] ¥ | NA[NA|NA|NA| NAINA v v INA] A v NA|
SE NA VI VINAL N ] V] o N | N INA|NA[NAINAINAINAL NV VL INAL N ANV INA
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EE NA NA olofo]o NA | o NA v NA|NA[NA]NA|NAL | R NA|NA
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LU NA |NA| o [NA] o INA] NAL N V] NA \ INA|NA[NA]NA|NAINA|NA|NA[NA|NAINAL | v INA[NA

\ | Fulfilment of criterion o  Partly fulfilled Failure of criterion NA Not Applicable

Source: Calculations of Fraunhofer ISI| based on its EU ETS database (2008a)
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These limitations have to be considered when evaluating the findings. However, the
overview presented here is a detailed, up-to-date and accurate presentation and
evaluation of allocation rules for the power sector for all EU MS. As such, it presents an
important contribution to understanding the incentives triggered by the EU ETS and
potentially different responses across EU MS. Finally, the analysis underlines the need
for harmonization of the EU ETS, particularly for the power sector, and highlights that
the mechanism performing best according to the evaluation criteria developed here is
full auctioning as proposed by the EU commission for Post-2012.
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4 Case study: The effect of national differences in
allocation rules on investment appraisals

Up to now, the incentives offered by the EU ETS have been analysed and evaluated in
isolation from other decisive market factors, such as investment and fuel costs or
power prices. In this chapter, the EUA-based analysis is extended so as to put the pre-
vious results into the larger context of investment decisions in the power sector, which
are characterised by long-time horizons and capital intensity, among other factors. Cal-
culations are based on a simplified set of full costs, i.e. all the relevant costs with re-
gard to investments are included.

4.1 Methodology

This section provides information about the applied calculation method, the plant data,
the price assumptions, and the scenarios analysed. The countries to be compared are
chosen based on previous results.

Calculation method

A cash method is applied to compare the effects of allocation scenarios. Revenues and
expenditures per GWh are calculated in order to take into account the large differences
in capacity (in GW) in the set of reference power plants (see Section 2.3). However, the
analysis does not focus on the revenues for the produced electricity, but compares the
expenditures of the plants (including revenues occurring from overallocation) so as to
analyse the incentives provided by the EU ETS. This is done for three EU MS and re-
sults are compared in order to evaluate the impact of differences in allocation rules on
these investment appraisals.

Assumptions

The assumptions made in the investment appraisal are described below. They include
plant data, operating costs, fuel prices and EUA prices.

An amortisation period of 20 years and an interest rate of 12% are assumed for all
plants.

Plant data: To provide a similar basis for the set of plants, only base load plants are
compared, i.e. the load factor for all plants is set to 7,000 h/a. All other plant figures are
equivalent to the data for new plants presented in Section 2.3. With regard to invest-
ment costs, estimations for 2008 prices are used in order to account for the significant
increase in investment costs for power plants over the last few years (Fraunhofer ISI
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(2008b), see Table 22). As was the case in Chapter 3, basing the calculations on a
common set of reference power plants, though helpful in underlining the effect of differ-
ences in national allocation rules, has the drawback of neglecting the specific circum-
stances in each country. However, the standardisations are necessary for a compre-
hensive comparison.

Operating costs: The operating costs depend, on the one hand, on the installed capac-
ity and, on the other hand, on the production level of electricity. The applied figures are
based on data from the Oko Institut (Matthes 2006) and adjusted according to expert
judgements from the Fraunhofer ISI (2008b) (see Table 22).

Fuel prices: Fuel prices are based on data of the German power market (see Table
22). For each fuel, a constant price is assumed over the whole period of 20 years
which may be a distorting factor. However, no sensitivity analysis is made since this is
not the focus of the study. In order to consider the produced thermal energy of the CHP
plants, they receive a bonus which is set to cover the fuel costs arising from heat pro-
duction in a separate gas heat plant (see Box 2).

EUA prices: As the influence of the EU ETS and thus also of EUA prices on the in-
vestment appraisal is the subject of the analysis, EUA prices are assumed for the
phase 2008 — 2012 and for the phase 2013 — 2028. EUA prices are assumed to be 30€
for the whole period from 2008-28, but for the period from 2013 to 2028, an alternative
higher price assumption of 60 €/EUA is considered as well (Fraunhofer I1SI 2008b).
Future work could modify the calculations by using sophisticated CO,-price scenarios,
but for the purpose of this study, these simplified EUA price assumptions suffice to il-
lustrate the effect of national differences in allocation rules as well as the impact of
higher EUA prices. Finally, since the EU ETS is the focus of the study, the role of EUAs
is illustrated separately from other expenditures in the graphs and tables.

Table 22: Investment data for the set of reference power plants

Investment figures Lignite Coal Gas CHP coal CHP gas
Costs general N1 N2 N3 N4 N5
Amortization period [a] 20 20 20 20 20
Investment [€/MWg|] 1,600,000 1,400,000 600,000 1,600,000 750,000
Fuel [€/GJ] 0.88 3.20 6.80 3.20 6.80
Operating Costs [€/MWg|] 30,000 28,000 25,000 32,000 30,000
Operating Costs [€/MWhg|] 23 2.0 0.5 2.0 0.5
EUA price [€]: 2008-2012 30 30 30 30 30
EUA price [€]: 2013-2028 30 (and 60) 30 (and 60) 30 (and 60) 30 (and 60) 30 (and 60) |
Rate of interest 12% 12% 12% 12% 12%

Source: Own compilation based on Matthes (2006), Fraunhofer I1SI (2008b), BAFA (2008a)

and BAFA (2008b).
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Scenarios for consideration of allocation rules

The allocation rules analysed in this study (see part 3) apply for the period 2008—2012.
For the time thereafter, new rules regulating the trading scheme have to be published.
Because the amortisation period covers 20 years, incentives are examined from 2008
until 2028 so that assumptions have to be made for the post 2012 period. In order to
scrutinise the possible impacts of future allocation changes, different scenarios are
calculated for 2013-2028, thereby also considering the uncertainty which exists for
investors due to the sequential ETS structure with rules which are not determined for
more than one period. Three Post 2012 allocation scenarios are designed:

e Scenario 1 — Business As Usual (BAU): Continuation of phase 2 allocation rules, i.e.
a switch from new entrant allocation rules to those for existing installations in 2013

e Scenario 2 — Uniform Benchmark (UniBM): EU-wide uniform benchmark for the
electricity sector, with a double benchmark for CHP (considered via the CHP heat
bonus for 4500 h/a)

e Scenario 3 — 100% Auctioning (AUCT), including a CHP heat bonus for 4500 h/a

First, in the BAU-scenario, after 2012, new plants are assumed to be treated according
to the allocation rules for existing plants. It is assumed that these allocation rules are
equivalent to those for existing plants in the second trading phase (2008 — 2012) and
are valid until the end of the amortisation period (2028)26.

Second, in the UniBM-scenario, an EU-wide uniform benchmark of 300 EUA/GWh is
applied to the whole electricity sector in order to consider the EU's desire for more har-
monised rules, a desire already indicated by the publication of the NAP guidelines of
2004 and 2005 (EU 2004; EU 2005). Further, a double benchmark for CHP is assumed
to be in place. That is, thermal energy is uniformly considered by the application of a
heat bonus for CHP plants.

Third, the AUCT-scenario serves as a base scenario. It assumes 100% auctioning,
thereby reflecting the proposal of the EU Commission of January 23™ 2008, where
100% auctioning for the power sector starting in 2013 is postulated: "Full auctioning
should be the rule from 2013 onwards for the power sector and carbon capture and
storage. In order to encourage a more efficient generation of electricity, electricity gen-
erators could however receive free allowances for heat delivered to district heating or
industrial installations" (EU 2008, p. 8). Since there are also indications for the support

26 This assumption is rather conservative since cap reductions are expected, which lead to
more stringent allocation.
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of CHP in the guidelines from the EU (EU 2004; EU 2005), a heat bonus is assumed
for CHP plants (see Section 2.3 and Box 2).

Finally, in order to compare the findings of the different scenarios to the ideal situation
of full auctioning from 2008 onwards, a reference scenario is also included in the ana-
lysis, which incorporates the full cost of carbon from the very beginning.

Box 2: Heat bonus applied to CHP plants for investment appraisal

The investment appraisal compares a set of base load plants with a load factor of 7,000 h/a. Regarding the
treatment of CHP plants the high load factor necessitates an adjustment of the heat bonus (see section
2.3) as it is unrealistic to expect that the total amount of heat produced at 7,000 h/a can be sold. It is there-
fore assumed that the CHP plants are only able to sell the part of the produced heat that corresponds to a
load factor of 4500 h/a, which represents a typical load factor for district heat plants (Fraunhofer ISI
2008b).

The heat revenues for both CHP plants are estimated using the production costs in a gas-fired heat plant
(Fraunhofer I1SI 2008b)27 .

4500[h/a] Efficiencyy, x Fuel costss, [€/GJ]
7000[h/a] 0.9

Formula 8: Heat revenues,,»[€/GJ]=

Finally, the downward adjustment of the heat bonus leads to higher specific emissions for both of the CHP
plants as shown in Figure 22.

Figure 22: Effect of the heat bonus adjustment on specific emissions for CHP plants

Specific emissions in t CO,/GWh

CHP (gas)

- (Coal) _
716

B Sale of heat corresponding to 4,500 h/a ' Sale of heat corresponding to 7,000 h/a‘

27 Note that this approximation represents an advantage for the coal-fired CHP plant.
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Choice of countries

The choice of EU MS is based on two major selection criteria: (1) variation of allocation
types and (2) new power generation capacities.

Regarding the first selection criterion, MS are chosen to represent the variety of basic
allocation types found in the EU in the second phase of the EU ETS (for the derivation
of the classification of allocation types, see Sections 3.1.7 and 3.5 (overview of find-
ings)). Here, the focus lies on the allocation rules for new entrants. By ensuring a varia-
tion of allocation types, the effects of differences in allocation rules can be shown.
Therefore, the first criterion is to choose countries belonging to different allocation
types. Of course, these differences will not be equally important for all scenarios. While
the BAU-scenario as well as the time period 2008-2012 consider differences in alloca-
tion rules, starting in 2013 these differences will be irrelevant for the AUCT and the
UniBM-scenarios.

The second important criterion refers to planned new power generation capacities. The
foreseeable amount of new investments is important because allocation rules matter
most in countries with a high need to invest in new power generation capacities. Figure
23 shows the planned investment capacities for the power sector across Europe.

Figure 23: Planned new capacities in the EU power sector

Share in planned capacities

Planned capacities in GW

AT BE BG CY CZ DE DK EE ES FI FR GR HU IE IT LT LV MA NL PL PT RO SE SI SK UK

Source: Platts (2008)
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Ensuring that the countries selected consider actual investment needs increases the
relevance of the analysis. The results derived for new investments and their compari-
son across countries come at a time when significant investment planning activities are
being undertaken, thus making the discussion of incentives provided by the EU ETS
less hypothetical (see Figure 23).

Based on these selection criteria, the following three MS were chosen for the invest-
ment calculation: Germany, the UK and the Czech Republic. These countries represent
different allocation approaches ranging from individuality to generality based on the
allocation rules for new entrants: the Czech Republic applies an installation-specific
approach; Germany has a differentiated benchmark with two subgroups for coal and for
gas, and the UK uses a uniform benchmark (see Table 23). As can be seen from Table
23, the allocation rules regarding existing plants do not vary much from the rules for
new plants. However, this qualitative similarity can be affected by the application of
different adjustment factors or benchmark values (for further details on the allocation
rules of these three MS, see Annex).

Table 23:  Allocation rules of the chosen countries

New plants Existing plants
Installation- | Differentiated Uniform Installation- | Differentiated Uniform
" CHP treatment e CHP treatment
specific benchmark benchmark specific benchmark benchmark
Conventional: Conventional:
UK Different LFs and | Different EC and LF| CHP Different LFs and
CFs benchmarks
Conventional and Conventional and
DE CHP: Different Double benchmark CHP: Different Double benchmark
LFs and CFs LFs and CFs
cz Conventional and Conventional and
CHP CHP

Source: Fraunhofer ISI compilation based on its EU ETS database (2008a)

The following figures are ordered according to the type of allocation (UK, DE, CZ).
Also, as shown in Figure 23, these three countries have a relatively large number of
planned investments, covering 35% in total of the planned new capacities throughout
the EU. A country with a comparatively low share of the EU’s total planned power gen-
eration capacities had to be chosen for the allocation type “installation-specific ap-
proach” (CZ) because of the lack of countries applying such an approach which also
had a large demand for capacity renewal or enlargement.

4.2 Results of the comparative investment appraisal
across countries

This section presents the cross-national results of the comparative investment ap-
praisal for base load power plants. All the diagrams include 9 separate blocks of ex-
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penditures (see Table 24): (1) investments, (2) discounted operational costs for the
periods 2008-2012 and (3) 2013-2028, as well as (4 and 5) discounted fuel costs and
(6 and 7) heat revenues for each period plus (8) the discounted costs for EUAs (or
revenues if overallocation occurs) again presented separately for 2008-2012 and (9)
2013-2028. In order to simulate a high EUA price scenario (from 2013 onwards), there
is a tenth striped block in the diagrams, which stands for the additional costs (or reve-
nues, respectively) associated with a higher EUA-price.

Before presenting the results of the different EU ETS scenarios, the findings without
the influence of the EU ETS are described. This is done because the figures for in-
vestments and discounted operational costs (i.e. expenditure blocks 1-7, all but the
blue and striped sections of the bars in Figure 24, Figure 25 and Figure 26) are the
same for all countries and remain unchanged for all EU ETS scenarios. Therefore, the
description here will focus on the differences in expenditure blocks 1 (investments), 2,
3 (discounted operational costs), 4, 5 (discounted fuel costs), 6 and 7 (heat reve-
nues)28 (see Table 25) between the reference power plants. In this way, in the sce-
nario-specific section, the analysis can focus solely on the incentives provided by the
trading scheme and the resulting country differences.

Table 24: Different types of expenditures and colour representation in figures

Expenditures Period Colour
Investment Whole period
2008-2012

Operational cost
perational costs 2013-2028 |

2008-2012
2013-2028
2008-2012
2013-2028
2008-2012

- |
201?-)2132330520@ |

Fuel costs

Heat revenues

EUA costs

As can be seen, without considering the EU ETS, the lignite plant has the lowest sum
of expenditures per GWh. Due to its high heat revenues, the CHP coal plant follows
with the lowest operating costs among the residual set of plants, which results in the
second lowest overall expenditures. This is then followed by the gas plant, the coal
plant and the CHP gas plant. According to this ranking, the CHP coal plant performs
better than the conventional coal plant due to its compensating the higher investment

28 As the heat revenues for CHP plants derive from the fuel costs for gas-fired heat produc-
tion in a separate heat plant, they are subtracted from the total fuel costs.
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costs with heat revenues, and the gas plants achieve a similar result. The conventional
gas plant has by far the highest fuel but the lowest investment costs, resulting in the
high total expenditures. This is mainly caused by the high load factor of base load
plants, and the correspondingly high operating costs. The total costs of the conven-
tional coal plant are comparable to those of the gas-fired power plant. Both plants ex-
ceed the costs of the lignite plant by more than 100,000 €/GWh/a (i.e. more than 30%).

Table 25: Expenditures without EU ETS
Expenditures Lignite Coal Gas |CHP coal| CHP gas
in €/GWh/a N1 N2 N3 N4 N5
Investment 228,571 | 200,000 85,714 | 228,571 | 107,143
Total operating expenditures 101,777 | 224,083 | 335,165 | 121,622 | 322,202
- Thereof 2008-12 49,118 | 108,143 | 161,751 | 58,695 | 155,496
- Thereof 2013-28 52,659 | 115,940 | 173,413 | 62,927 | 166,706
Operating costs 49,192 44,817 30,411 49,085 35,747
- 2008-12 23,740 21,629 14,677 23,689 17,251
- 2013-28 25,452 23,188 15,735 25,396 18,495
Fuel costs 52,585 | 179,267 | 304,753 | 232,562 | 397,504
- 2008-12 25,378 86,515 | 147,075 | 112,235 | 191,837
- 2013-28 27,207 92,752 | 157,678 | 120,327 | 205,668
Heat revenues 0 0 0 -160,025 | -111,049
- 2008-12 0 0 0 -77,229 | -53,592
- 2013-28 0 0 0 -82,796 | -57,456
Total expenditures 330,348 | 424,083 | 420,879 | 350,194 | 429,345

Lowest expenditures

In the following sections, all three EU ETS scenarios (BAU, UniBM, and AUCT) are
analysed separately for the chosen three MS, before, in a fourth section, a concluding
cross-scenario comparison is undertaken.

Each figure shows the ideal auctioning case as a reference, i.e. there is no gratis allo-
cation for the whole period from 2008 to 2028. This makes it possible to compare the
potential effect of a trading scheme with the applied rules and assumed scenarios for
2013-2028. Furthermore, the figures contain a line representing the assumed revenues
for power production calculated via the discounted revenues for a power price of 70
€/MWh for the pre-2012 and 90 €/ MWh for the post-2012 period (Fraunhofer ISI
(2008Db)).

Note that the duration of the two periods differs widely, as the first period covers five
and the second fifteen years. This influence and the effect of discounting have to be
considered when comparing the height of the bars for 2008-12 with those for 2013-
2028.
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421 EU ETS Scenario 1: Business As Usual

The EU ETS scenario 1 assumes that the allocation rules specified by EU MS in the
second phase of the EU ETS (2008-12) are continued until 2028. This means that, af-
ter the end of the second trading phase, new installations become — starting in 2013 —
existing plants and are treated as such under the allocation rules currently in place (see
Table 23). The results with regard to economic incentives and the role of the EU ETS
within total expenditures (and comparing the relative share of EU ETS expenditures to
those for fuel) are presented in Table 27 and Figure 24, respectively. In addition, Table
26 provides a comparison of the balance of allocation minus emissions (i.e. over- or
under-allocation) for the plants without considering investment factors so as to solely
analyse the effect of different allocation approaches.

Comparison (pre- and post-2012): Since the allocation rules for new and existing plants
do not vary much (see Table 23) in terms of allocation in the period 2008-2012 com-
pared to 2013-2028, no large differences result. This is underlined by Table 26, where
the balances for the different periods are presented. However, there is one exception
for the UK regarding the CHP coal plant. This has a large shortage of 435 EUA/GWh
from 2008-2012, and is afterwards allocated a number of allowances equal to its emis-
sions. This change is due to the switch from a uniform benchmark to an emission-
based allocation. The remaining changes in the amount of gratis allocation are due to
the application of different benchmark-values, or adjustment factors within the MS.

Table 26: Balance comparison for BAU scenario across countries and with reference

Balance Lignite Coal Gas CHP coal CHP gas

in EUA/GWh/a N1 N2 N3 N4 N5
2008-12 | 2013-28 | 2008-12 | 2013-28 | 2008-12 | 2013-28 | 2008-12 | 2013-28 | 2008-12 | 2013-28

UK -498 -355 -129 -181 -435 0 41 0

DE -162 -245 -30 -55 -8 -29 188 115 84 49

Cz 0 12 0 9 0 4 0 12 0 6

Reference -904 -904 -705 -705 -336 -336 -716 -716 -301 -301

Source: Calculations of Fraunhofer ISI based on its EU ETS database (2008a)

Impact of EU ETS on incentive order: The most favourable investment choice with re-
gard to the cash value represented by the total expenditures varies in the different MS.
From a purely cost-based perspective, the CHP coal plant is the most attractive in the
UK and Germany. This is mainly due to the high revenues for the produced heat (see
yellow bars in Figure 24) and the special treatment for CHP plants in these MS. In con-
trast, in the Czech Republic, the lignite plant has the lowest expenditures because the
ETS has no influence due to an installation-specific allocation. Therefore, even though
the implementation of the EU ETS in the BAU-scenario (see blue section of the bars)
changes the economic incentive structure in several cases compared to a scenario
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without EU ETS, the lignite plant still remains the most attractive conventional option in
the relevant MS (DE, CZ). In this scenario, no MS has an incentive order correspond-
ing to the order of carbon efficiency as illustrated by the reference case, which includes
the full costs of carbon from 2008 onwards.

Figure 24: Investment expenditures in EU ETS scenario 1: Business As Usual

Cash method: Expenditures in €/ GWh/a

-300,000 1
DE‘CZ‘Ref‘ UK‘DE‘CZ‘Ref‘ UK‘DE‘CZ‘Ref‘ UK‘DE‘CZ‘Ref‘ UK‘DE‘CZ‘Ref
Lignite (N1) Coal (N2) Gas (N3) CHP coal (N4) CHP gas (N5)
I Investment I Operating costs w/o fuel 2008-12 ] Operating costs w/o fuel 2013-28
I Fuel costs 2008-12 JFuel costs 2013-28 N EUA 2008-12
I EUA 2013-28 CJEUA 2013-28 (+30EUR) I Heat revenues 2008-12
I Heat revenues 2013-28 —e— Power revenues

Source: Calculations of Fraunhofer IS| based on its EU ETS database (2008a)

Share of EU ETS in total expenditures: Retaining the allocation rules from the period
2008-2012 leads in some cases to an overallocation of plants, as can be seen from
Table 27 in the dark grey-shaded cells. For example, in Germany, the allocation to the
CHP coal plant leads to an 11% reduction of the discounted present value of total ex-
penditures. This makes the generous nature of the actual allocation rules very appar-
ent. The country with the largest cost block due to the EU ETS (i.e. positive shares) is
the UK followed by Germany, where the differentiated benchmark generally leads to
smaller expenditure shares of the EU ETS as allocation tends to be more in line with
emissions. However, in Germany, the generous allocation to CHP plants through the
double benchmarks provides large economic incentives for this technology. There is no
noticeable influence of the EU ETS in the Czech Republic, where an installation-
specific allocation is applied. Since adjustment factors are used only rarely, projected
emissions are allocated to every plant and the economic incentives are not modified at
all.
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Table 27: Total expenditures, EU ETS shares and fuel shares for BAU scenario

BAU Lignite Coal Gas CHP coal CHP gas
N1 N2 N3 N4 N5
2008-28 2008-28 2008-28 2008-28 2008-28

€/GWh/a| ETS | Fuel §€/GWh/a| ETS | Fuel J €/GWh/a| ETS | Fuel J€/GWh/a]l ETS | Fuel | €/GWh/a| ETS | Fuel
UK 519,083 | 18% | 35% | 455735 | 8% | 67% | 397,234 | 12% | 18% | 424,873 67%
DE 376,183 | 12% | 14% | 433,743 | 2% | 41% | 425099 | 1% | 72% | 316,503 23% | 414,573 69%
cz 329,007 H 16% | 423,038 H 42% | 420,381 H 72% | 348,837 21% | 428,695 67%
Ref 532,919 | 38% | 10% | 582,062 | 27% | 31% [496171 ] 15% | 61% | 510661 [ 31% | 14% | 496,687 [ 14% [ 58%

Numbers in bold stand for conventional plant with lowest expenditures
Surplus allocation Lowest expenditures

Source: Calculations of Fraunhofer ISI based on its EU ETS database (2008a)

Table 27 also allows a comparison of the EU ETS share with the share of fuel expendi-
tures — both between countries, power plant types and with the shares of the reference
scenario. While in the reference scenario there are two plant types (conventional lig-
nite, CHP coal) for which the share of EU ETS expenditures exceeds the share of fuel
expenditures (e.g. 8% compared to a fuel share of 10% for lignite), in the BAU sce-
nario, fuel expenditures always dominate those associated with the EU ETS. Also,
comparing the EU ETS vs. fuel expenditure shares between the BAU-scenario and the
reference case highlights the — in some cases big — distance from the ideal situation.

4272 EU ETS Scenario 2: Uniform Benchmark

The EU ETS scenario 2 (UniBM) assumes that the allocation rules for the power sector
are harmonised across Europe starting in 2013. The harmonised mode of allocation is
a uniform benchmark of 300 /GWh applied to all existing and new power plants alike
(applying a standard load factor (SLF) of 7000 h/a). In addition, a heat bonus is given
to CHP plants so as to simulate a double benchmark, i.e. the necessary EUAs are re-
duced from 915 to 738 EUA/GWh (coal-fired CHP) and from 438 to 316 EUA/GWh
(gas-fired CHP), respectively (see Box 2). In the UniBM-scenario, there are no differ-
ences between MS from 2013 onwards. The results for this scenario are presented in
Table 28, Table 29 and Figure 25.

Comparison (pre and post 2012): The application of a uniform benchmark post-2012
means that allocation rules no longer vary across countries for this period. The different
incentives set prior to 2012 are harmonised in the post-2012 period by applying a strict
uniform emission value to the whole set of plants. Furthermore, Table 28 shows the
structural similarity between a uniform benchmark and full auctioning (emission value
of 300 t/GWh in contrast to 0 t/GWh for auctioning). The uniform benchmark is stricter
than the allocation by the various MS and the plants receive no surplus allowances.
The only exception is the 2008-2012 allocation to the conventional coal plant in the UK
which was already less generous due to the fact that the SLF is lower than the operat-
ing hours of the reference plant (7,000 h/a).
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Table 28: Balance comparison for UniBM scenario across countries and with refer-

ence
Balance Lignite Coal Gas CHP coal CHP gas
in EUA/GWh/a N1 N2 N3 N4 N5
2008-12 | 2013-28 | 2008-12 | 2013-28 § 2008-12 | 2013-28 | 2008-12 | 2013-28 § 2008-12 | 2013-28
UK -498 -129 -435 41
DE -162 -604 -30 -405 -8 -36 188 -416 84 -1
(074 0 0 0 0 0
Reference -904 -904 -705 -705 -336 -336 -716 -716 -301 -301

Source: Calculations of Fraunhofer ISI based on its EU ETS database (2008a)

Impact of EU ETS on incentive order: Obviously, in this scenario, the results converge
across MS as the expenditures are the same for all, except for the EUAs for 2008-2012
(see Table 29). The uniform benchmark offers economic incentives: the higher the car-
bon efficiency of power production, the lower the additional costs caused by the EU
ETS. Thus, the lignite as well as the conventional and the CHP coal plants have a large
shortage of EUAs, which leads to a new incentive structure for some countries since
the allocation approach used in the first period becomes less important. There is a dif-
ferent incentive structure in each MS. In the UK, the CHP gas plant has the lowest total
expenditures followed by the conventional gas plant. These are then followed by the
CHP coal plant and the conventional coal plant. In Germany, the incentive structure
remains the same as for the BAU scenario, but the differences in the total expenditures
decrease. Therefore the CHP coal plant is still the best option followed by the lignite
and the CHP gas plants. The total impact on the expenditure-based investment choice
in the Czech Republic is also limited. Even though the results converge, the order of
the first three plants (lignite, CHP coal, gas) remains unchanged.

Table 29: Total expenditures, EU ETS shares and fuel shares for UniBM scenario

UniBM Lignite Coal Gas CHP coal CHP gas
N1 N2 N3 N4 N5
2008-28 2008-28 2008-28 2008-28 2008-28

€/GWh/a| ETS | Fuel J€/GWh/a| ETS | Fuel | €/GWh/a| ETS | Fuel J€/GWh/a| ETS | Fuel | €/GWh/a| ETS | Fuel
UK 524,853 | 19% | 34% | 438,961 [ 4% 69% | 445478 | 21% | 16% | 424,934 67%
DE 417,841 | 21% | 13% | 474,283 | 11% | 38% | 425,864 [ 1% 72% | 378,064 | 7% 19% | 420,328 68%
CZ 400,376 | 17% | 13% | 471,039 | 10% | 38% | 425,053 | 1% 72% | 398,437 | 12% | 18% | 429,405 | 0% 67%
Ref 532,919 | 38% | 10% | 582,062 | 27% | 31% | 496,171 | 15% | 61% | 510,661 | 31% | 14% | 496,687 | 14% | 58%
Numbers in bold stand for conventional plant with lowest expenditures

Surplus allocation Lowest expenditures

Source: Calculations of Fraunhofer IS| based on its EU ETS database (2008a)

The ideal economic incentive order according to the reference case of complete inter-
nalisation of carbon from 2008 onwards is still not achieved. However, the economic
ranking achieved by the reference scenario does not fully correspond to the ranking
according to carbon efficiency either. In the case of lignite-fired power plants being
cheaper than coal-fired power plants, this is mainly due to the relatively lower fuel costs



92 Comparison of allocation rules of EU member states (2008-2012) for the power sector

of lignite. Furthermore, the large heat revenues for the CHP coal plant as well as the
opposite effect of a heat bonus of only 4,500 h/a (assuming that more heat cannot be
sold) interfere with this ranking.

Share of EU ETS in total expenditures: The share of the EUAs related to the total ex-
penditures increases remarkably for conventional plants with high emissions (e.g. by at
least 9% in Germany and the Czech Republic compared to the BAU scenario for the
coal or lignite plant). That is, the cost of carbon and therefore the role of the EU ETS
increases substantially. As can be seen from Table 29 and Figure 25, plants with low
emissions are not affected to a similar extent since they are closer to the benchmark.

Figure 25: Investment expenditures in EU ETS scenario 2: Uniform Benchmark

Cash method: Expenditures in €/ GWh/a

-300,000
DE‘CZ‘Ref‘ UK‘DE‘CZ‘Ref‘ UK‘DE‘CZ‘Ref‘ UK‘DE‘CZ‘Ref‘ UK‘DE‘CZ‘Ref
Lignite (N1) Coal (N2) Gas (N3) CHP coal (N4) CHP gas (N5)
I Investment I Operating costs w/o fuel 2008-12 C—J Operating costs w/o fuel 2013-28
I Fuel costs 2008-12 [ Fuel costs 2013-28 I EUA 2008-12
0 EUA 2013-28 CJEUA 2013-28 (+30EUR) I Heat revenues 2008-12
[ Heat revenues 2013-28 —e— Power revenues

Source: Calculations of Fraunhofer IS| based on its EU ETS database (2008a)
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4.2.3 EU ETS Scenario 3: Full auctioning

In the full auctioning scenario (AUCT), there is no longer any gratis allocation for elec-
tricity production from 2013 onwards. In other words, producers must purchase the
corresponding number of EUAs to cover their emissions29. The AUCT-scenario further
assumes that a heat bonus is granted for CHP plants by reducing the number of EUAs
needed according to the heat bonus (similar to the UniBM-scenario). The results for the
balance comparison (allocation vs. emissions) can be found in Table 30, whereas the
results with regard to total expenditures as well as the EU ETS and fuel shares are
presented in Table 31 and Figure 26.

Comparison (pre- and post-2012): In the AUCT scenario, every emission of a plant has
to be paid for starting in 2013. There are shortages throughout the set of reference
plants and the problem of overallocation is eliminated. Furthermore, similar to the
UniBM scenario, the effects of harmonisation across MS can be observed as well as
the comparatively large shortage of allowances for carbon-intensive plants.

Table 30: Balance comparison for AUCT scenario across countries and with refer-

ence
Balance Lignite Coal Gas CHP coal CHP gas
in EUA/GWh/a N1 N2 N3 N4 N5
2008-12 | 2013-28 | 2008-12 | 2013-28 | 2008-12 | 2013-28 | 2008-12 | 2013-28 | 2008-12 | 2013-28
UK -498 -129 -435 41
DE 162 -904 20 -705 B -336 198 -716 Ca -301
Cz 0 0 0 0 0
Reference -904 -705 -336 -716 -301

Source: Calculations of Fraunhofer IS| based on its EU ETS database (2008a)

Impact of EU ETS on incentive order: In the AUCT scenario, the uniform limit of the
UniBM-scenario is decreased to zero, but the incentive structure is maintained. There-
fore, no further qualitative changes occur in the incentive structure and, the economi-
cally best alternatives remain the same for all MS. If the country-specific results are
compared with the reference scenario, which incorporates the full costs of carbon from
2008 onwards, the effects of the current allocation rules (for 2008-12) become obvious.
They cause a different incentive structure in every analysed MS and the most attractive
plant deviates in every MS from the reference case, which underlines the importance of
the current allocation rules. Even if the system switches to 100% auctioning in 2013,
the specific allocation rules in 2008-12 and their corresponding incentives still have an

29  Of course, companies can also cover some of their obligations by purchasing CDM or JI
credits within the limitations specified by the EU (CERs, ERUS).
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impact on which power plant has the best economic performance over the period of
2008-2028.

Table 31: Total expenditures and EU ETS shares and fuel shares for AUCT scenario

AUCT Lignite Coal Gas CHP coal CHP gas
N1 N2 N3 N4 N5
2008-28 2008-28 2008-28 2008-28 2008-28

€/GWh/a| ETS | Fuel J€/GWh/a| ETS | Fuel | € GWh/a| ETS | Fuel §€/GWh/a| ETS | Fuel | €/GWh/a| ETS | Fuel
UK 559,635 | 24% | 32% | 473,743 | 11% | 64% | 480,260 27% | 15% 45-9,71 6| 7% 62%
DE 452,623 | 27% | 12% ] 509,065 | 17% | 35% | 460,646 [ 9% 66% | 412,846 | 15% | 18% | 455,110 | 6% 63%
CZ 435,158 | 24% | 12% ] 505,821 | 16% | 35% | 459,835 [ 8% 66% | 433,219 | 19% | 17% | 464,187 | 8% 62%
Ref 532,919 | 38% | 10% | 582,062 | 27% | 31% | 496,171 | 15% | 61% | 510,661 | 31% | 14% | 496,687 | 14% | 58%
Numbers in bold stand for conventional plant with lowest expenditures

Surplus allocation Lowest expenditures

Source: Calculations of Fraunhofer ISI based on its EU ETS database (2008a)

Share of EU ETS in total expenditures: As there is no longer gratis allocation from 2013
onwards, operators have to purchase the total number of allowances that correspond
to their plants’ emissions on the market. Therefore the share of the EU ETS in total
expenditures becomes a decisive factor (> 15%) in all coal and lignite plants. With re-
gard to gas plants, an increasing importance of the EU ETS can be observed, but the
fuel costs (> 60%) clearly remain the dominant factor. Overall, the results reflect the full
internalisation of the externality of CO, and the costs of carbon thus become an impor-
tant factor, especially for plants with high emissions.

Figure 26: Investment expenditures in EU ETS scenario 3: Full auctioning

Cash method: Expenditures in €/ GWh/a

-300,000
DE‘CZ‘Ref‘ UK‘DE‘CZ‘Ref‘ UK‘DE‘CZ‘Ref‘ UK‘DE‘CZ‘Ref‘ UK‘DE‘CZ‘Ref
Lignite (N1) Coal (N2) Gas (N3) CHP coal (N4) CHP gas (N5)
I Investment I Operating costs w/o fuel 2008-12 C—J Operating costs w/o fuel 2013-28
I Fuel costs 2008-12 C—Fuel costs 2013-28 N EUA 2008-12
0 EUA 2013-28 CJEUA 2013-28 (+30EUR) I Heat revenues 2008-12
[ Heat revenues 2013-28 —e— Power revenues

Source: Calculations of Fraunhofer IS| based on its EU ETS database (2008a)
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Box 3: Comparison of the share of EU ETS costs with the share of fuel costs in the
scenarios — The example of Germany

This box compares changes in the share of EU ETS costs in the BAU, UniBM and AUCT scenarios and
relates these cost shares to the corresponding fuel shares. For illustrative purposes we have chosen one
country only, namely Germany, which has the largest absolute and relative share of planned power plant
capacities (see Figure 23).

Figure 27: Cross-scenario comparison of expenditures for Germany
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Source: Calculations of Fraunhofer ISI| based on its EU ETS database (2008a)

The amount and, correspondingly, the share of the EU ETS costs in total expenditures rise with stricter
allocation, whereas the amount of fuel costs (but not the share) remains the same. In the following, the
share of fuel costs is compared to the share of EU ETS costs in the three different scenarios, highlighting
the impact of the EU ETS design on these shares.
Lignite (N1): 14% (fuel) vs. 12% (EU ETS, BAU), 13% vs. 21% (UniBM) and 12% vs. 27% (AUCT)
Coal (N2): 41% (fuel) vs. 2% (EU ETS, BAU), 38% vs. 11% (UniBM) and 35% vs. 17% (AUCT)
Gas (N3): 72% (fuel) vs. 1% (EU ETS, BAU), 72% vs. 1% (UniBM) and 66% vs. 9% (AUCT)
CHP coal (N4): 23% (fuel) vs. -11% (EU ETS, BAU), 19% vs. 8% (UniBM) and 17% vs. 16% (AUCT)
CHP gas (N5):  69% (fuel) vs. -4% (EU ETS, BAU), 68% vs. -2% (UniBM) and 63% vs. 6% (AUCT)

4.3 Cross-scenario comparison and conclusion

In order to present a comparative overview of the results of the different scenarios,
Table 32 and Figure 28 contain the total expenditures for every scenario and reference
plant as well as the share of EU ETS expenditures in total expenditures. In addition to
the analysed scenarios, Table 32 provides information about a non-ETS scenario (i.e. a
world without emission trading) and the reference scenario, in which auctioning is as-
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sumed from 2008 onwards. Note that figures for these additional scenarios do not differ
across MS. In addition to the investment order of reference power plants for each MS
and scenario, the plant with the lowest expenditures (bold printed) and the conventional
plant with the lowest total expenditures (grey-shaded cell) are also pointed out.

Plant with lowest expenditures: Without application of the EU ETS, the lignite plant has
the lowest expenditures. Even though the share of the EU ETS in expenditures in-
creases in the different scenarios, among the conventional plants, the lignite plant
keeps its pole position, since the influence of the ETS is limited (with an assumed EUA
price of 30 €). The total expenditures for the gas plant are only lower than the ones for
the lignite plant in the hypothetical full auctioning reference case (from 2008 onwards).
None of the other scenarios provoke this change in the economic incentive order. In
the UK, the gas-fired plants profit remarkably from a stricter allocation; they are the
most attractive investment choice in the UniBM- as well as in the AUCT-scenario.

Position of the gas-fired CHP plant: Apart from the changes for conventional plants, the
low carbon CHP gas plant improves its position from being the plant with the highest
expenditures in the non-ETS scenario. This shows how the ETS supports CHP gas
plants. In the UK, in the UniBM and in the AUCT scenarios, the CHP gas plant even
becomes the plant with the lowest expenditures. That is, if investment decisions were
driven purely by expenditures, then in the UK investments could be expected to be
directed at CHP gas plants. In contrast, the BAU scenario still offers larger economic
incentives to other plants with higher emissions. The lignite plant as well as the CHP
coal plant remain more attractive from an economic point of view in the Czech Repub-
lic. This highlights the impact of an ETS with strict and harmonised rules.

Incentives for carbon efficiency due to the EU ETS across post-2012 scenarios: The
analysis has shown that the EU ETS is an important factor for investment appraisals in
the power sector. Its level of importance is determined to a large extent by the post-
2012 allocation approach applied (see shares of EU ETS post-2012 in Table 27, Table
29 and Table 31). If the allocation rules from 2008-2012 (BAU-scenario) are continued,
the influence of the EU ETS remains non-existent for the emission-driven allocation
methods (CZ), whereas the uniform benchmark applied in the UK provides noticeable
investment incentives in favour of carbon efficiency. The UniBM scenario has a notice-
able harmonisation effect across the MS. Also, the economic incentive order tends to
be oriented more and more to low carbon plants, starting from the BAU via UniBM to
the AUCT scenario. Clearly, the stricter the uniform benchmark value, the higher the
share of EUAs in total expenditures and thus the greater the incentives for low-carbon
investments.



Table 32:  Overview of results for investment scenarios
_ § No ETS BAU UniBM AUCT Reference
€ » L ; . . . .
§ | 28 [ ren [Srcimen | shme] ot | Voo | are] Pt | S| are| 7o | e | o] Pt | e | e
1 N4 350,194 0% N4 397,234 12% N5 424,934 -1% N5 459,716 7% N3 496,171 15%
UK 2 N3 420,879 0% N5 424,873 -1% N3 438,961 4% N3 473,743 11% N5 496,687 14%
3 N2 424,083 0% N3 455,735 8% N4 445,478 21% N4 480,260 27% N4 510,661 31%
4 N5 429,345 0% N2 519,083 18% N2 524,853 18% N2 559,635 24% N2 582,062 27%
1 N1 330,348 0% N4 316,503 -11% N4 378,064 7% N4 412,846 15% N3 496,171 15%
2 N4 350,194 0% N1 376,183 12% N1 417,841 21% N1 452,623 27% N5 496,687 14%
DE 3 N3 420,879 0% N5 414,573 -4% N5 420,328 2% N5 455,110 6% N4 510,661 31%
4 N2 424,083 0% N3 425,099 1% N3 425,864 1% N3 460,646 9% N1 532,919 38%
5 N5 429,345 0% N2 433,743 2% N2 474,283 11% N2 509,065 17% N2 582,062 27%
1 N1 330,348 0% N1 329,007 0% N4 398,437 12% N4 433,219 19% N5 496,171 15%
2 N4 350,194 0% N4 348,837 0% N1 400,376 17% N1 435,158 24% N4 496,687 14%
Cz 3 N3 420,879 0% N3 420,381 0% N3 425,053 1% N3 459,835 8% N3 510,661 31%
4 N2 424,083 0% N2 423,038 0% N5 429,405 0% N5 464,187 8% N1 532,919 38%
5 N5 429,345 0% N5 428,695 0% N2 471,039 10% N2 505,821 16% N2 582,062 27%
Numbers in bold stand for conventional plant with lowest expenditures Plant with lowest expenditures
* Position 1 for plant with lowest expenditures; 5 with highest expenditures
N1 - lignite N2 - coal N3 - gas N4 - CHP coal N5 - CHP gas
Source: Calculations of Fraunhofer ISI based on its EU ETS database (2008a)
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Figure 28: Cross-scenario comparison of investment expenditures and EU ETS
shares
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The best results in this regard are achieved by the AUCT-scenario, in which allow-
ances are no longer allocated free of charge to power plants starting in 2013. It is also
this scenario which comes closest to the reference scenario, in which the full costs of
carbon are taken into account from the very beginning of a plant's lifetime. In conclu-
sion, the investment incentive structure can be influenced decisively in favour of car-
bon-efficient production as long as there is a uniform treatment based on production
output. The highest incentives for carbon-efficient new plants are obtained with full auc-
tioning of allowances.

Limitations: Note that the results of the investment appraisal are based on a set of as-
sumptions and simplifications. Among these, constant fuel prices, no country-specific
modifications (e.g. specifications of the reference power plants or emission factors of
fuels) and constant EUA prices probably represent the largest uncertainties in the cal-
culation. These limitations should be considered when evaluating the outcomes of the
investment calculation.



Table 33: Expenditures, EU ETS and fuel shares for the periods 2008-12 and 2013-2028 in the three scenarios
BAU Lignite Coal Gas CHP coal CHP gas
N1 N2 N3 N4 N5
2008-12 2013-28 2008-12 2013-28 2008-12 2013-28 2008-12 2013-28 2008-12 2013-28
€/GWh/a | ETS | Fuel | ETS | Fuel | €/ GWh/a | ETS | Fuel | ETS | Fuel § €/ GWh/a | ETS | Fuel | ETS | Fuel § € GWh/a | ETS | Fuel | ETS | Fuel § €/ GWh/a | ETS | Fuel | ETS | Fuel
UK 519,083 | 10% | 17% | 8% | 18% | 455,735 | 3% | 32% | 5% | 35% | 397,234 | 12% | 9% | 0% | 9% | 424,873 33% | 0% | 35%
DE 376,183 | 5% | 7% | 8% | 7% | 433,743 | 1% | 20% | 1% | 21% | 425,099 | 0% | 35% | 1% | 37% | 316,503 11% 12% | 414,573 33% 36%
Ccz 329,007 | 0% | 8% 8% | 423,038 | 0% | 20% 22% 1] 420,381 | 0% | 35% 348,837 | 0% | 10% 11% | 428,695 | 0% | 32% 35%
Ref 532,919 | 18% | 5% | 20% | 5% | 582,062 | 13% | 15% | 14% | 16% | 496,171 | 7% | 30% 510,661 | 15% | 7% | 16% | 7% | 496,687 | 7% | 28% | 7% | 30%
Numbers in bold stand for conventional plant with lowest expenditures Surplus allocation Lowest expenditures
UniBM Lignite Coal Gas CHP coal CHP gas
N1 N2 N3 N4 N5
2008-12 2013-28 2008-12 2013-28 2008-12 2013-28 2008-12 2013-28 2008-12 2013-28
€/GWh/a | ETS | Fuel | ETS | Fuel | €/ GWh/a | ETS | Fuel | ETS | Fuel § € GWh/a | ETS | Fuel | ETS | Fuel | € GWh/a | ETS | Fuel | ETS | Fuel €/ GWh/a | ETS | Fuel | ETS | Fuel
UK 524,853 | 10% | 16% | 9% | 18% | 438,961 | 3% | 34% | 1% | 36% | 445,478 | 11% | 8% | 11% | 8% | 424,934 33% | 0% | 35%
DE 417,841 | 4% | 6% | 17% | 7% | 474,283 | 1% | 18% | 10% | 20% | 425,864 | 0% | 35% [ 1% | 37% | 378,064 9% | 13% | 10% | 420,328 33% | 0% [ 35%
CZ 400,376 | 0% | 6% | 17% | 7% | 471,039 | 0% | 18% | 10% | 20% | 425,053 | 0% | 35% | 1% [ 37% ] 398,437 | 0% | 9% | 12% | 9% | 429,405 | 0% | 32% | 0% | 35%
Ref 532,919 | 18% | 5% | 20% | 5% | 582,062 | 13% | 15% | 14% | 16% | 496,171 | 7% | 30% | 8% | 32% | 510,661 | 15% | 7% | 16% | 7% | 496,687 | 7% | 28% | 7% | 30%
Numbers in bold stand for conventional plant with lowest expenditures -Surplus allocation Lowest expenditures
AUCT Lignite Coal Gas CHP coal CHP gas
N1 N2 N3 N4 N5
2008-12 2013-28 2008-12 2013-28 2008-12 2013-28 2008-12 2013-28 2008-12 2013-28
€/GWh/a | ETS | Fuel | ETS | Fuel | €/ GWh/a | ETS | Fuel | ETS | Fuel § €/ GWh/a | ETS | Fuel | ETS | Fuel § € GWh/a | ETS | Fuel | ETS | Fuel €/ GWh/a | ETS | Fuel | ETS | Fuel
UK 559,635 | 10% | 15% | 15% | 17% | 473,743 | 3% | 31% | 8% | 33% | 480,260 | 10% | 7% | 17% | 8% | 459,716 30% | 8% [ 32%
DE 452,623 | 4% | 6% | 23% | 6% | 509,065 | 1% | 17% | 16% | 18% | 460,646 | 0% | 32% | 8% | 34% | 412,846 8% | 20% | 9% | 455,110 30% | 8% | 33%
CZ 435,158 | 0% | 6% | 24% | 6% | 505,821 | 0% | 17% | 16% | 18% | 459,835 | 0% | 32% | 8% | 34% | 433,219 | 0% | 8% | 19% | 9% | 464,187 | 0% | 30% | 8% | 32%
Ref 532,919 | 18% | 5% | 20% | 5% | 582,062 | 13% | 15% | 14% | 16% | 496,171 | 7% | 30% | 8% | 32% ] 510,661 | 15% | 7% | 16% | 7% | 496,687 | 7% | 28% | 7% | 30%
Numbers in bold stand for conventional plant with lowest expenditures -Surplus allocation Lowest expenditures

Source:

Calculations of Fraunhofer ISI based on its EU ETS database (2008a)
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Box 4: The impact of a high EUA price scenario of 60 € from 2013 onwards

The discussions so far have been based on an EUA price of 30 €. In this box we briefly look at the effect a
higher price for EU allowances has on the economic ranking of the reference power plants for the different
post-2012 allocation scenarios. In Figure 24, Figure 25, and Figure 26 the impact of an increased EUA-
price (from 30 € to 60 € starting in 2013) is indicated by the striped section of each bar. Figure 29 and
Table 34 summarize this impact for all three post-2012 scenarios.

Figure 29: High price scenario comparison for the UK, Germany and the Czech Republic
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Source: Calculations of Fraunhofer ISI based on its EU ETS database (2008a)

The first obvious result of the price increase for EUAs from 30 to 60 € is the rising shares of EU ETS costs
in total expenditures. Taking the coal plant as an example, in the BAU scenario they rise from 8 to 24%
(UK) and 2 to 4% (DE), but remain zero for the Czech Republic; in the UniBM scenario, they increase from
18 to 26% (UK), 11 to 19% (DE) and 10 to 18% (CZ) and in the AUCT scenario from 24 to 34% (UK), 17 to
28% (DE) and 16 to 28% (CZ). These values compare to the reference scenario and its EU ETS expendi-
ture share increase of 27% (30€/EUA) to 36% (60€/EUA).
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At the same time there are remarkable effects on the incentive structure for reference power plants. First,
when looking at conventional plants only, in the reference scenario the plant with the lowest expenditures
is the gas plant, regardless of the price of EUAs. While in the 30€/EUA case this reference case is only
reached by the UK — regardless of the allocation scenario — the cheapest conventional option for Germany
and the Czech Republic is lignite — again for all three allocation scenarios. That is, in the case of a low
EUA price, the incentive structure of reference power plants does not change even though allocation rules
change significantly and distortions remain when compared with the reference scenario. However, at a
high EUA-price of 60€, the situation does change for Germany and the Czech Republic and the UniBM
scenario is sufficient for the switch from lignite to gas as the conventional plant with the lowest expendi-
tures. For these countries the incentive order changes towards the reference ideal, while for the UK it
remains unchanged with gas as the cheapest option regardless of the allocation scenario (i.e. ideal).

Second, when including all five reference plants in the analysis, a similar effect on the incentive order of a
higher EUA-price can be observed. For both EUA prices, the reference scenario has the CHP gas plant as
the option with the lowest expenditures. At 30 €/EU, this is only achieved by the UK in the UniBM and
AUCT scenarios; in other words, the incentive order changes from gas being the overall cheapest option in
the BAU scenario to CHP gas becoming the cheapest one in the UniBM scenario. In contrast, in the low
EUA-price case, the cheapest option in Germany and the Czech Republic does not change throughout the
different allocation scenarios. While the cheapest plant for Germany is a CHP coal plant, for the Czech
Republic it is a lignite-fired plant; i.e. neither country reaches the ideal given by the reference scenario in
any of the scenarios. This distorted situation changes for the high EUA-price scenario in which the incen-
tive structure for Germany flips from a coal-fired CHP being the cheapest option in the BAU scenario to the
ideal CHP gas plant becoming the cheapest option in the UniBM scenario. Interestingly, at an EUA price of
60€, for the UK, the cheapest plant in the BAU scenario is no longer the gas but the coal-fired CHP plant,
but in the UniBM scenario this changes back to the gas-fired CHP plant again. Finally, in the Czech Re-
public at 60€/EUA there is also a change in the incentive structure. Here, lignite is replaced as the cheap-
est option by a conventional gas-fired plant for both the UniBM and AUCT scenarios, but the reference
ideal of the CHP gas plant is not reached. This illustrates the perseverance of current allocation rules in
distorting the incentive structure of power plants, even if these are changed to 100% auctioning in 2013.
However, if the price for EUAs is high enough, these distortions can be overcome when — as a minimum —
a uniform benchmark is introduced in 2013 because a higher EUA price leads to comparatively higher
costs for plants with higher specific CO, emissions.



Table 34: Results of a 60 € EUA price for all scenarios (BAU, UniBM, AUCT) for the UK, Germany and the Czech Republic
BAU Lignite Coal Gas CHP coal CHP gas
N1 N2 N3 N4 N5
2008-28 2008-28 2008-28 2008-28 2008-28
€/GWh/a ETS Fuel €/GWh/a ETS Fuel €/GWh/a | ETS Fuel €/GWh/a ETS | Fuel €/GWh/a
UK 560,270 24% 32% 476,682 12% 64% 397,234 12% 18% 424,873
DE 404,553 18% 13% 440,159 4% 41% 428,507 2% 71% 303,187 24% 408,878
cz 327,667 H 16% | 421,992 H 42% | 419,882 H 73% | 347,481 21% | 428,045
Ref 637,729 48% 8% 663,800 36% 27% 535,127 21% 57% 593,687 41% 12% 531,529
Numbers in bold stand for conventional plant with lowest expenditures
Surplus allocation Lowest expenditures
UniBM Lignite Coal Gas CHP coal CHP gas
N1 N2 N3 N4 N5
2008-28 2008-28 2008-28 2008-28 2008-28
€/GWh/a ETS Fuel €/GWh/a ETS Fuel €/GWh/a ETS Fuel €/GWh/a ETS Fuel €/GWh/a ETS
UK 571,808 26% 31% 443,135 5% 69% 493,721 29% 15% 424,994
DE 487,869 32% 11% 521,239 19% 34% 430,038 2% 71% 426,307 18% 17% 420,389
(074 470,403 30% 11% 517,995 18% 35% 429,227 2% 71% 446,681 22% 16% 429,466 0% 67%
Ref 637,729 48% 8% 663,800 36% 27% 535,127 21% 57% 593,687 41% 12% 531,529 19% 54%
Numbers in bold stand for conventional plant with lowest expenditures
Surplus allocation Lowest expenditures
AUCT Lignite Coal Gas CHP coal CHP gas
N1 N2 N3 N4 N5
2008-28 2008-28 2008-28 2008-28 2008-28
€/GWh/a ETS Fuel €/GWh/a ETS Fuel €/GWh/a ETS Fuel €/GWh/a ETS Fuel €/GWh/a ETS Fuel
UK 641,372 34% 28% 512,699 18% 59% 563,285 38% 13% 494,558 13% 58%
DE 557,433 41% 9% 590,803 28% 30% 499,602 16% 61% 495,871 29% 15% 489,953 12% 58%
CZ 539,967 39% 10% 587,559 28% 31% 498,791 16% 61% 516,245 32% 14% 499,030 14% 57%
Ref 637,729 48% 8% 663,800 36% 27% 535,127 21% 57% 593,687 41% 12% 531,529 19% 54%

Numbers in bold stand for conventional plant with lowest expenditures

Surplus allocation

Lowest expenditures

Source: Calculations of Fraunhofer ISI based on its EU ETS database (2008a)
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5 Summary and conclusion

Scope of the study: This study extends the current literature analyzing the effects of the
EU ETS by quantitatively examining the structural aspects of installation-level alloca-
tion in the second phase of the EU emission trading scheme in a cross-country com-
parative manner. The study provides an analysis of the micro-level allocation plans of
EU MS for the power sector for the trading period from 2008-2012, thereby paying spe-
cial attention to the treatment of incentive effects for existing plants, new plants and the
replacement of plants by examining occurring interaction. Furthermore, this scope was
broadened by the execution of investment calculations in order to highlight the current
role of the trading scheme in supporting carbon efficiency of new investment projects.

Proceeding: According to the theoretical background of allocation rules a cluster for
different rule types is developed. Moreover, a set of reference power plants, which are
representative for a common European standard, is presented in order to apply the
allocation rules of the countries to these plants. Using this set of reference power
plants, a comparison of the allocation amounts is undertaken with the help of different
criteria. These criteria capture the alignment of allocation with the polluter-pays-
principle, the incentives provided for the whole set of power plants with regard to the
consideration of carbon efficiency, the treatment of CHP plants, as well as interaction
effects between existing and new plants. In this cross-country comparison of allocation
rules particular emphasis is placed on the effect of applied allocation types. In addition,
in some instances the influence of the fuel- or technology-mix of MS is considered.
Furthermore, for a selected set of four EU MS (UK, DE, PL, CZ), a case study of in-
vestment calculations is presented. The countries chosen have, on the one hand, a
significantly large amount of planned future investment in the power sector and to-
gether covered, on the other hand, different allocation types. Thereby, with this repre-
sentative set of MS the role of different allocation rules applied throughout the EU ETS
for investment appraisals is studied.

Results: As was the case in the first trading phase of the EU ETS from 2005-2007,
there remains a large variation of allocation approaches throughout MS of the Euro-
pean Union in the second phase of the scheme. This is despite the declared desire of
harmonization of allocation rules across Europe and the publication of a second set of
common NAP guidelines in 2005 (EU 2005). Furthermore, the allocation rules even
vary strongly within one country since there are often differences in the treatment of
new and existing plants as well as between different technologies. This variety among
and within MS is clearly reflected in the results for the analysis of the set of criteria de-
veloped in this study. More importantly, the analysis confirms the expected effects of
the application of certain allocation types (e.g. uniform vs. differentiated benchmarks).



104 Comparison of allocation rules of EU member states (2008-2012) for the power sector

In general, the more differentiation of allocation methods for the production of electricity
was made (e.g. according to fuels or technologies), the more distortions arose, which,
however, was partly corrected by the implementation of adjustment factors. In the lar-
ger context of investments in new plants, the results of the study show a remarkable
increase of the importance of the factor emission trading when moving from a scenario
reflecting today’s allocation rules to a scenario of full auctioning starting from 2013 on-
wards. In all scenarios, the importance of the carbon constraint is increased by higher
prices for allowances and a lower share of gratis allocation resulting from stricter future
emission budgets. Finally, the analysis shows that emissions are already a decisive
factor for new investments. This is the case because the long life time of power plants
necessitates the anticipation of future allocation rules which are likely to be 100% auc-
tioning for the power sector (including a heat bonus for CHP) (EU 2008). Also, it is
shown that the different allocation approaches in many instances change the invest-
ment incentive structure in favour of more carbon efficient plants.

Conclusion: The large variety of applied allocation rules and resulting partly negative
evaluations of these rules according to the set of criteria developed in this study illus-
trate that the EU ETS should be understood as a trading scheme still “under construc-
tion”. While some of the lessons learnt from the pilot phase (2005-2007) were already
implemented in phase 2, there still remain many critical design choices with regard to
the allocation rules specified in National Allocation Plans of EU MS. These include,
among others, the setting of differentiated benchmarks, emission-based allocation and
the unfavorable treatment of new plants compared to existing ones. The proposal of
the EU Commission of 100% auctioning (including a heat bonus for CHP) for the power
sector from 2013 onwards should be applauded on the ground of the evaluation criteria
specified and applied in this study. Clearly, for the power sector this is the way forward
to ensure clear incentives for carbon efficiency, address uncertainty about allocation in
future phases and increase transparency throughout Europe.
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7 Annex
Table 35: Replacement of existing CHP coal plant
Balance for replacement of existing CHP (coal) plant (marked grey) by
Country— Gas (N3) CHP coal (N4) | CHP gas (N5)
Balance Balance Balance Balance Balance
EUA/GWh | Rankj EUA/GWh | Rank} EUA/GWh | Rank §| EUA/GWh | Rank] EUA/GWh | Rank

DE 239 | 4 268 162 5 938 1 398 6
UK NA -382 6 27 10 -75 13 | 401 5
PL 31 ol 47 [ 14| 24 11 0 8 0 12
IT NA 132 [ 16 ] -30 16 722 2 432 4
ES -149 6 227 | 18] 182 3 223 541 2
FR NA 271 |2 55 8 259 [15] 217 [ 7
cz -12 7 -12 0] -12 15 -12 -12 15
NL NA 514 | 4 | -478

RO -542 2 | -343 7 | -347 523 | 18 ] -435

GR -391 3 | -192 9 | -172 18 -10 11 -20 16
BE FL NA -705 1 23 12 0 8 0 12
BE BR NA NA NA NA NA

BE WA NA -705 1 173 4 -406 | 16 70 10
BG 3 o 19 [13] 4 14 | -593 |20 116 | 18
FI NA -260 8 34 9 -78 14 1 151 8
PT NA 131 15 1 114 7 25 7 12 11
SK o & o 11 0 13 0 8 0 12
AT -193 5 6 12 | 375 2 37 6 440 3
HU NA NA NA NA NA

DK NA 704 | 3 | -302

SE NA 262 | 19| 631 1 552 | 3 | o978 | 1
I= NA 161 17 | 158 6 83 5 145 9
EE NA NA NA NA NA

LT NA NA NA NA NA

Sl -689 1 -490 5 1 -121 17 -451 | 17 ] -51 17
LV NA NA NA NA NA

LU NA NA NA NA NA
Average values in EUAGWh N1 N2 N3 N4 N5 Top 3

Total 218 133 23 -56 111 Last 3
Standard deviation 250 341 239 430 342 . Perv. incentive



Table 36: Overview of rankings for part 3
Criterion 1 Criterion 2 Criterion 3 Criterion 5
Country Existing plants New plants Existing New [Existing] New
E1 E2 E3 E4 E5JN1 N2 N3 N4 N5] plants plants plants | plants E1 E2 E3 E4 E5

Coal GasjCoal Gas N1 N2 N3 N4 N5IN1 N2 N3 N4 N5IN1 N2 N3 N4 N5IN1 N2 N3 N4 N5IN1 N2 N3 N4 N5
DE 1197|1518 6 |25|24|26|24) 7 8 2 5 X X 1111|110 1]|4|1|[4])6]|25|2|26]3J4]|20[{5]|1]|6]6([25/24]|26] 3
UK NA[10(17]| 7| 7 INA[ 7 |19[13]|23] 9 | 20 5 2 X \ NA|NA[NA|NA|NAJNA[ 20| 8 | 10| 6 INA| 5]|10]| 10| 4 INA] 6 |10 13| 5 [NA| 5|18]|12] 5
PL 4115113 7| 7 |10|21|17]16| 7 16 | 17 | 18 | 20 X X 213|14]|5|6]9|17|15|13[17§11]20[11[19]|17}10[14[11]| 8 |12§11[20]|17]|16]|15
IT NA[ 11| 8 | 17| 23INA[ 23| 21| 25| 26] 8 4 3 X X NA|NA[NA|NA|NAINA[ 2 | 10] 2 | 5 [INA| 23] 4 | 25| 2 INA|16]|16| 2 | 4 [NA|21| 7 | 25] 6
ES 3|12 43|23 |14]3|14|224 20| 23} 15| 3 X X 6123|222 |7|13|11|8)3|21|12|22]| 5)]6[18]3|4|2]5]|22|20(23
FR NA[14(10]| 6 | 5 INA[ 24|20 9 |21} 18 | 224 24 | 7 X X NA|NA[NA|NA|NAINA| 3 | 14| 19| 11INA|24] 8 | 7 | 7 INA]21]| 8 [ 15| 7 [NA|24|19| 8| 7
Ccz 7118[(18[ 13|14 7 |16]10]16| 7§ 15 [ 156 12 | 12 X \ 5|17|7|7]|8)6|14|18|15|19] 8 |15[19|15]|20] 7 |10|15|12[15f 8 |16]|10[15] 19
NL NA| 8 | 5|21|24INA[ 11| 6 |12] 6] 4 2 17 | 17 X X NA|NA[NA|NA|NAINA[ 5| 11] 8 | 13|NA| 18] 7 | 20| 14NA| 4 |21|19[21|NA| 8 | 3| 9|24
RO 9]20({20[20|250 5|19]14]|10| 2] 6 3] 23|22 X X 9189|9101 5|16|19|18|20] 5|16]20]| 9 |22) 2| 7|20|18[20f§ 3 |10] 2| 5|25
GR 10121121 18| 21§ 4| 13| 8 |23|19] 10 | 9 8 8 X X 10({10|10] 3| 4} 3 |19]|21| 9 (14) 4 |12]23[23|10§ 3| 9 [18]|11]|16] 4 [ 14| 6 | 22] 11
BE_FL INA] 1[12] 7| 7 INA] 1 |16]16]| 7] 1 15 19 X X NA|NA|INA[NA|NAINA| 7 [ 2] 3| 3INA| 2 [12| 20| 16INA| 1 | 12| 8 | 12JNA]| 3 | 16| 16| 15
BE BR [INA|NA[13|[NA] 7 INA[NA|10]16| 7 § NA | 17 | NA | 12 NA|NA[NA|NA|NAINA[NA|NA|NA|NAINA|NA] 17] 17| 17NA|NA|NA|NA[NAJNA|NA| 11| 16| 15
BE WA INA| 1|26 7| 7 INA| 1 |23] 4|17 1 | 26] 6 | 23 X \ NA|NA[NA|NA|NAINA[ 7 | 1] 4] 1 INA| 1]26] 1 |26INA| 1| 4 |16 10|NA| 2 | 23| 4|10
BG 8 1919|114 16Q10( 20|17 1 | 1§ 14 [ 14] 25 | 26 X X 3|5|6|11]111 8|13|16]21|21§J10|19|15]| 2 |24] 9 |13|14|20(18]10]|19]|15| 2 |22
Fl NAl 42| 4] 3INA[4]2]|7]3] 5 6 9 9 X \ NA|NA[NA|NA|NAINA[11] 6 | 6 | 7 INA| 8| 6 | 12| 8 [NA| 8 | 9 | 14| 8 [NA| 6| 8 [11] 12
PT NA[13[25]| 7| 7 INA[22]22|22|14) 13 | 25 21 | 24 X X NA|NA[NA|NA|NAINA| 6 | 12] 12| 16|NA| 11]25] 8 | 25[NA| 15| 7 | 7 [ 11|NA]| 23| 21| 20| 13
SK 4115113 7|77 |16]|10|16| 7] 16 | 17} 12 | 12 v \ 4165|567 |12|17|13[17 9 |17|17[17| 17} 8 [11[13]| 8 |12} 9 [18]|11]|16] 15
AT 216|19]|2|1402] 8|15/ 6|18 19|11} 11| 11 X N |8|4|2)4a|3)4|18|7|16|9)2]|7|9|6|11]5|12]2]|6|3)2|7[13]7]|9
HU NA[NA[NA|NA|NAINA[NA|NA|NA|NA] NA | NAJ NA | NA NA|NA[NA|NA]NAINA[NA|NA|NA|NAINA|NA|NA|NA[NAINA|NA|NA[NA|NAINA|NA| 0 |NA|NA]
DK NA| 5 [23[19]|26INA| 5| 5| 2| 4] 3 1012 | 21 X NA|NA|[NA[NA|NAINA| 15[ 5 | 17| 10INA| 3 [24]| 3 | 23INA| 3 |19|21|19INA] 1 | 1| 1|26
SE NA| 1] 1 TINAl 1| 1| 3|14 21|24} 7 4 X \ NA|NA|[NA[NA|NAINA| 7 | 3| 5| 2 INA| 6 | 12| 11| 6 INA]19] 1| 3| 1 INA| 9 |22|21] 2
IE NA| 7| 3| 5|20INA[ 12| 4|11 5} 12| 5 |} 19| 18 3 X NA|NA|[NA[NA|NAINA| 4 | 9] 7 | 12INA| 22| 5 | 15| 12INA| 17| 6 | 5| 9 INA| 13| 5| 10|23
EE 11|INA| 22[NA| 17 7 | 16| 10| 16| 7 I NA | 13| 12 | 12 \ 719(11] 8] 9 INA|NA|NA|NA|NAJ 7 | 13]22]| 13| 21INA|NA|NA|NA[NA] 7 | 15| 9 [ 13]| 20
LT NA[NA| 24| NA| 18INA[ 10]26| 8 |20 NA | 12| 22 | 25 X NA|NA[NA|NA|NAINA[NA|NA|NA|NAINA| 9| 3| 5| 9 INA|NA|NA|NA|NAINA|11|25| 6 | 8
Sl 4115113|16|21Q 1| 6 | 7| 5]|16] 11 791 10| 10 X \ 11111 8 |10 5 1 |21|20|20| 154 1| 4|21 4 |13 1| 5 [17|17|17) 1| 4| 4| 3 |21
LV NA[NA[ 11|NA] 6 INA[ 15] 9 |15] 7 NA| 20 15| 12 X NA|NA[NA|NA|NAINA[NA|NA|NA|NAJINA| 14] 16] 14| 15INA|NA|NA|NA[NAJNA| 17| 13| 14| 14
LU NA[NA| 6 |NA] 4 INA[ 9 |25[24|25] NA | 10] 4 6 \ NA|[NA[NA]NA|NAINA[NA]NA|NA|NAINA] 10] 1 | 24| 1 INA]NA|NA[NA|NAINA] 12[26]24] 1

v Fulfilment of criterion X Failure of criterion Top 3 NA Not Applicable
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Table 37:  Abbreviations for Country Sheets

A Allocation [EUA/a]
AA Available Allowances
AF Adjustment Factor
AT Average Technique
BAT Best Available Technique
BP Base Period

C Coal

Ca Capacity

CF Compliance Factor
CPS Condensation Power Station
E Emissions [tCO,/a]
EB Emission Budget

EC Emission Coefficient
Eff Efficiency

El Electricity

EPU Emission per Unit

FA Fossil Share

FC Fuel Consumption

FF Fuel Factor

G Natural Gas

GF Growth Factor

H Heat

LF Load Factor [h/a]

LG Lignite

NE New Entrant

0] Oxidation Factor

PF Potentialfaktor

PO Power Output

Prod Production [GWh/a]
RC Reduction Coefficient
SE Specific Emissions [t/GWh]
Sect Sector

U Utilisation
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Germany (DE)

|. GENERAL INFORMATION Million t Share

Total cap 451.9

New entrants reserve 23.0 5.1%

Auctioning 40.0 8.9%

Distribution to power sector 193.1 42.7%

JI/ CDM 90.4 22.0%

Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR

Existing plants Differentiated benchmark
Lignite (E1) A = Prodgp * BAT; * CF * (1 - AF * (1 - EB/SE
Hard Coal (E2) A = Prodgp * BAT; * CF * (1 - AF * (1 - EB/SE
Natural Gas (E3) A = Prodgp * BATg * CF * (1 - AF * (1 - EB/SE))
CHP (Coal) (E4) A = (Prodgp 14 * BAT¢ y + Prodgp g * BATc) * CF * (1 - AF * (1 - EB/SE))
CHP (Gas) (E5) A = (Prodgp 1 * BATg 1 + Prodgp g * BATg) * CF * (1 - AF * (1 - EB/SE))
New plants Differentiated benchmark
Lignite (N1) A =Ca*BAT¢ * LFijgie * CF
Hard Coal (N2) A =Ca*BAT; * LFcps * CF
Natural Gas (N3) A=Ca*BATg *LFcps *CF
CHP (Coal) (N4) A = (Cag * BAT¢ + Cam, * BATc ) * LFcup * CF
CHP (Gas) (N5) A = (Cag * BAT¢ + Cay, * BATc ) * LFgup * CF
No more EUAs after year of closure
No transfer option

Emissions below 25,000: allocation acc. to historical emissions with CF=1; existence of
hardship rule

Selected special rules

Values

AF 0.49

BAT [g/kWh]

BAT [g/kWh]

BATc 1 [9/kWh]

BATG 1 [g/kWh]

CF 0.84

LFcup [h/a] 7500

LFcps [h/a] 7500

LF g [h/a] 8250

S B B zligures in /GWh: Gas: 365; Coal: 750; Lignite: 990 for power; Heat: 225 for Gas; 400 for

ifferent fuels

Additional information: New plants: If not as efficient as EB, method for existing plants applied
AF: Adjustment factor; determined by dividing the required adjustment by the cuts that result
from applying the efficiency standards

Source: NAP2 version 13.02.2007; DEHSt (2008); ZuG (2007)

Germany: Comparison of emissions and allocation

Specific emissions in t CQ/GWh

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

O Emissions: Existing plants B Allocation: Existing plants ~ Allocation: New plants =~ Emissions: New plan(s‘
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United Kingdom (UK)

. GENERAL INFORMATION Million t Share

Total cap 246.2

New entrants reserve 16.3 6.6%

Auctioning 17.2 7%

Distribution to power sector 133.4 54.2%

JI/CDM 8%

Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR

Existing plants Benchmark and Grandfathering
Lignite (E1) -
Hard Coal (E2) A=Ca*LFg*ECg gx* CF
Natural Gas (E3) A = (Egp / Esect) * Asect
CHP (Coal) (E4) A = (Egp / Esect) * Asect
CHP (Gas) (E5) A=Ca*LF;*ECc*CF
New plants Benchmark
Lignite (N1) -
Hard Coal (N2) A =Ca* LFyeg *ECg ne * CFne
Natural Gas (N3) A =Ca*LFye *ECg ne * CFne
CHP (Coal) (N4) A= (Cag * LFne_cnp * U/ Effcip) * ECne_chp
CHP (Gas) (N5) A= (Cag * LFne cp " U/ Effcyp) " ECne chp
Closure rule No more EUAs after year of closure
Transfer rule No Transfer-Option
Selected special rules

ECg_ex [/MWh] 0.4059
ECo ne [UMWh] 0.3639

ECc [/MWh]

ECne_chp [YMWh]

Effcrp

LFe 0,633 * 8760
LFc 0,494 * 8760
LFne_chp [h/a]

LFxe [h/a] 8760
]

Additional information: Natural gas is the standard energy carrier; CHP rules for "good quality" CHP

Source: NAP2 version 2007; EU CITL; information from RWE

UK: Comparison of emissions and allocation
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Poland (PL)

|. GENERAL INFORMATION Million t Share
Total cap 208.5
New entrants reserve 7.4 3.5%
Auctioning 1.0%
Distribution to power sector 142.2 68.2%
JI/ CDM 10.0%
II. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR
Existing plants Grandfathering / benchmark

Lignite (E1) A =0,7 * max (E200s:E2006) + ALBy; * max (Prodaggs; Prodages) / SectProd

Hard Coal (E2) A =0,7 * max (E2005:E2006) + ALBy; * max (Prodaggs; Prodages) / SectProd

Natural Gas (E3) A = max (Prodg 2005+Produ 2005; Prode; 2006+Prody 2006) / SectProd * ALB

CHP (Coal) (E4) A = max (Prodg 2005+Produ 2005, Prodg; 2006+Prody 2006) / SectProd * ALB

CHP (Gas) (E5) A =0,7 * max (E2o05;E2006) + ALBy; * max (Prodzggs;Prodages) / SectProd
Second step A' = min (A; max(Ezos;E2007))
New plants Grandfathering / benchmark

Lignite (N1) A = BREF g * Prod

Hard Coal (N2) A = BREF¢ * Prod

Natural Gas (N3) A = BREFg * Prod

CHP (Coal) (N4) A=E
A=E

Closure rule
Transfer rule Transfers possible
Selected special rules Yes

Additional information: Existing plants: each installation gets 70% of the highest verified emission from period 2005-
2006, the remaining allowances (ALBII) are given based on each installation's participation in
total sector production (max. electricity production from the same period divided by SectProd
(sum of max. productions for entire sector))

New plants: Individual allocation based on benchmarks, but values not published

Source: NAP2 version 12.02.2008 rev. 16.05.2008; European Commission; office in charge

Poland: Comparison of emissions and allocation

Specific emissions in t CO/GWh

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

@ Emissions: Existing plants ® Allocation: Existing plants = Allocation: New plants issi New plams‘
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Italy (IT)

|. GENERAL INFORMATION Million t Share
Total cap 201.6
New entrants reserve 16.9 8.4%
Auctioning -
Distribution to power sector 85.3 42.3%
JI/CDM 15.0%
Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR
Existing plants Benchmark

Lignite (E1)

Hard Coal (E2) A = Prodyggs * BATg * FFaoxx

Natural Gas (E3) A = (Prodagos * BATc + Prody 2005 * BATH) * FFoox * 0,85

CHP (Coal) (E4) A = (Prodagos * BATg + Prody so0s * BAT4) * FFag, * 0,85

CHP (Gas) (E5) A = Prodaggs * BATG * FFoo
New plants Benchmark

Lignite (N1) A=Ca*LF *BATc * FFpou

Hard Coal (N2) A=Ca*LF *BATc * FFpou

Natural Gas (N3) A =Ca*LF *BATGg * FFaox«

CHP (Coal) (N4) A=(Ca*BATc+ Cay* BATy) * LF * FF0 * 0,85

CHP (Gas) (N5) A=(Ca*BATg+ Cay* BAT}) * LF * FFy0, * 0,85
Closure rule No more EUAs after year of closure
Transfer rule No Transfer-Option
Selected special rules Yes
\EIES
BAT. [g/kWh] 757
BATG [g/kWh]
BATy [g/kWh]
LFcp [h/a]
LFg [h/a]
Additional information: Allocation rules for 2010 exemplarily applied - fuel factors change within period
Source: NAP2 version 04.04.2006; European Commission; office in charge

Italy: Comparison of emissions and allocation

<
2
Q
Q
8]
£
P
2
S
@
I
£
]
g
5
]
2
0

No allocation rules

7= S— 1 .
?
)

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

O Emissions: Existing plants ® Allocation: Existing plants = Allocation: New plants issi New plams‘
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Spain (ES)

|. GENERAL INFORMATION Million t Share
Total cap 152.3
New entrants reserve 6.3 4.1%
Auctioning -
Distribution to power sector 65.9 43.2%
JI/ CDM 20.0%
Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR
Existing plants Benchmark and Grandfathering

Lignite (E1) A=Ca*LF*BAT:*CF

Hard Coal (E2) A=Ca*LF*BATg*CF

Natural Gas (E3) A=Eg *CF

CHP (Coal) (E4) A=Eg *CF

CHP (Gas) (E5) A=Ca*LF *BAT:*CF
New plants Benchmark and Projections

Lignite (N1) A=Ca*LF*BAT;*CF

Hard Coal (N2) A=Ca*LF*BAT:; *CF

Natural Gas (N3) A=Ca*LF*BATg*CF

CHP (Coal) (N4) A =Prod * BATcp

CHP (Gas) (N5) A = Prod * BATcp
Closure rule No more EUAs after year of closure
Transfer rule
Selected special rules Yes
Values
BATc [g/kWh] 920
BATcp [9/kWh] 375
BATG [g/kWh] 365
CF
LF¢ [h/a]
LFg [h/a]
Additional information:
Source: NAP2 version 24.11.2006; EU CITL; office in charge

Spain: Comparison of emissions and allocation

Specific emissions in t CO,/GWh

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

Emissions: Existing plants B Allocation: Existing plants ~ Allocation: New plants ' Emissions: New plants‘
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France (FR)
I. GENERAL INFORMATION Million t Share
Total cap 132.8
New entrants reserve 3.9 3.0%
Auctioning -
Distribution to power sector 311 23.4%

JI/ CDM 13.5%
Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR

Existing plants Grandfathering
Lignite (E1)
Hard Coal (E2) A =Egp * GF * CF
Natural Gas (E3) A =Egp * GF * CF
CHP (Coal) (E4) A =Egp * GF * CF
CHP (Gas) (E5) A =Egp * GF * CF

New plants Benchmark
Lignite (N1) A =Prod * BAT¢
Hard Coal (N2) A = Prod * BAT¢
Natural Gas (N3) A =Prod * BATg
CHP (Coal) (N4) A = Prodg * BATcwp
CHP (Gas) (N5) A = Prodg_* BATcwp

Closure rule

Transfer rule

Selected special rules

Values

BATc [g/kWh]

BATchp [9/kWh]

BATG [g/kWh]

CF

Additional information:

Source: NAP2 version 28.12.2006; European Commission

France: Comparison of emissions and allocation

Specific emissions in t CO,/GWh

N
5
No allocation rules

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

‘ﬂ Emissions: Existing plants B Allocation: Existing plants ~ Allocation: New plants ~ Emissions: New plants‘
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Czech Republic (CZ)

. GENERAL INFORMATION Million t Share
Total cap 86.8

New entrants reserve 1.3 1.5%
Auctioning -
Distribution to power sector

JI/CDM 10.0%

Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR

Existing plants Grandfathering
Lignite (E1) A=Eg * GF,
Hard Coal (E2) A=Eg * GF,
Natural Gas (E3) A=Eg * GF,
CHP (Coal) (E4) A=Eg* GF,
CHP (Gas) (E5) A= Egp* GF,

New plants Projections
Lignite (N1) A=E
Hard Coal (N2)
Natural Gas (N3)
CHP (Coal) (N4)

n
m m m m

Closure rule
Transfer rule
Selected special rules Yes, division into small and large emitters

1.07
1.01279

Additional information: GF varies for small or large plants

Source: NAP-update; European Commission

Czech Republic: Comparison of emissions and allocation

Specific emissions in t CO/GWh

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

@ Emissions: Existing plants B Allocation: Existing plants  Allocation: New plants  Emissions: New plan!s‘
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Netherlands (NL)

|. GENERAL INFORMATION Million t Share
Total cap 87.0

New entrants reserve 6.4 7.3%
Auctioning 3.2 4.0%
Distribution to power sector 36.0 41.4%
JI/ CDM 10.0%

Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR
Existing plants Benchmark
Lignite (E1) -
Hard Coal (E2) A =Egp*GF *CF - Ey
Natural Gas (E3) A =Egp * GF * CF - Eyt
CHP (Coal) (E4) A=Egp* GF *CF - Ey
CHP (Gas) (E5) A=Egp* GF * CF - By
New plants Benchmark
Lignite (N1) -
Hard Coal (N2) A=BAT.*FC*0,9
Natural Gas (N3) A=BATg*FC*0,9
CHP (Coal) (N4) A=BAT:*FC*0,9
CHP (Gas) (N5) A=BATg*FC*0,9
Closure rule No more EUAs after year of closure

Transfer rule

No

Values

BAT. [t/TJ] 94.7

BAT [t/TJ] 56.8
0.79
0.39
0.52

E = (FCg * 3,6 * BATy / Eff) + (FCy * BATy/0,9)

SNl TR )R SR KR = VN BN =ii lll Reduction for windfall profits dues to factor 0,85 (p 45)
1.017

Additional information:

Source: NAP2 version 28.09.2006; European Commission; office in charge

Netherlands: Comparison of emissions and allocation

Specific emissions in t CO,/GWh

No allocation rules

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

O Emissions: Existing plants B Allocation: Existing plants = Allocation: New plants '~ Emissions: New plants‘
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Romania (RO)

. GENERAL INFORMATION Million t Share
Total cap 75.9

New entrants reserve 4.6 6.0%
Auctioning -
Distribution to power sector 41.7 55.0%

JI/CDM 10.0%
II. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR
Existing plants Grandfathering
Lignite (E1) A= (EBP * CF/ ESect) * ASect
Hard Coal (E2) A = (Egp * CF/ Eseqt) * Asect
Natural Gas (E3) A = (Egp * CF/ Egect) * Asect + Bonus (CHP)
)
)

CHP (Coal) (E4) A = (Egp * CF/ Esgect) * Asect + Bonus (CHP)
CHP (Gas) (E5) A = (Egp * CF/ Egeat) * Asect
New plants Benchmark
Lignite (N1) A=0,95*Prod * BAT
Hard Coal (N2) A =0,95* Prod * BAT
Natural Gas (N3) A =0,95* Prod * BAT
CHP (Coal) (N4) A=0,99 * Prod * BAT
A =0,99 * Prod * BAT
Closure rule No more EUAs after year of closure
Transfer rule No Transfer-Option
Selected special rules Yes

BAT
CHP bonus 0,5 * (Effu/0,8756 + Effg/0,3185 -1) * Egp
CF 1.03

Additional information: BAT based on specific emissions of the most efficient installation within the sector;

Source: NAP2 version 2007; European Commission

Romania: Comparison of emissions and allocation

Specific emissions in t CO/GWh

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

O Emissions: Existing plants m Allocation: Existing plants = Allocation: New plants issi New plams‘
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Greece (GR)
I. GENERAL INFORMATION Million t Share
Total cap 69.1
New entrants reserve 6.1 8.9%
Auctioning -
Distribution to power sector 51.7 74.9%

JI/CDM 9.0%
Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR
Existing plants Grandfathering
Lignite (E1) A=Ege*CF*GF
Hard Coal (E2) A =Egp*CF*GF
Natural Gas (E3) A=Eg* GF
CHP (Coal) (E4) A=Eg*GF
CHP (Gas) (E5) A=Egp*CF*GF
New plants Benchmark
Lignite (N1) A=Ca*LF*EC*CF
Hard Coal (N2) A=Ca*LF*EC*CF
Natural Gas (N3) A=Ca*LF*EC*CF
CHP (Coal) (N4) A=Ca*LF*EC
A=Ca*LF*EC
Closure rule No more EUAs after year of closure
Transfer rule Transfers possible
Selected special rules

0.89

1.161644738

Additional information:

Source: NAP2 version 09/06; European Commission

Greece: Comparison of emissions and allocation

Specific emissions in t CO/GWh

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

O Emissions: Existing plants B Allocation: Existing plants  Allocation: New plants ~ Emissions: New plan!s‘
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Belgium: Flanders (BE_FL)

|. GENERAL INFORMATION Million t Share
Total cap 58.5

New entrants reserve 5.6 9.5%
Auctioning 0.0%
Distribution to power sector 10.7 18.3%
JI/CDM 8.4%

Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR
Existing plants

Lignite (E1)

Hard Coal (E2) A=Ca*LF*BAT

Natural Gas (E3) A=Egp*GF

CHP (Coal) (E4) A=Egp*GF

New plants
Lignite (N1)
Hard Coal (N2)
Natural Gas (N3) A=Ca*LF*BAT
CHP (Coal) (N4) E

Closure rule No more EUAs after year of closure
Transfer rule No Transfers possible
Selected special rules Yes (CHP allocation differs, if permit is held by industrial company)

BAT [/GWh] 358.84

LF¢ [h/a] 0

LFg [h/a] 6300

Additional information: GF indicated by producer, if signed benchmarking convenant
Source: NAP2 version 09/2006; European Commission; office in charge

Belgium - Flanders: Comparison of emissions and allocation
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Belgium: Brussels (BE_BR)

|. GENERAL INFORMATION Million t Share
Total cap 58.5

New entrants reserve 5.6 9.5%
Auctioning 0.0%
Distribution to power sector 10.7 18.3%

JI/ CDM 8.4%
Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR

Existing plants Grandfathering
Lignite (E1)
Hard Coal (E2) A = E2003-2005
Natural Gas (E3) -
CHP (Coal) (E4) A = Ez003-2005

New plants Projections
Lignite (N1)
Hard Coal (N2)
Natural Gas (N3)
CHP (Coal) (N4)

Closure rule No more EUAs after year of closure
Transfer rule No Transfer-Option
Selected special rules Yes

Additional information:

Source: NAP2 version 31.08.2006; European Commission

Belgium - Brussels: Comparison of emissions and allocation
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Belgium Wallonia (BE_WA)

|. GENERAL INFORMATION Million t Share
Total cap 58.5

New entrants reserve 5.6 9.5%
Auctioning 0.0%
Distribution to power sector 10.7 18.3%

JI/CDM 8.4%
Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR

Existing plants Grandfathering and Benchmark
Lignite (E1) -
Hard Coal (E2) A=Ca*BAT*LF
Natural Gas (E3) A = Ez000-2006
CHP (Coal) (E4) A = E2000-2006
A=0
New plants Benchmark
Lignite (N1) -
Hard Coal (N2) A=0
Natural Gas (N3) A=0,9*Ca*BAT *LF
CHP (Coal) (N4) A=0,9*Ca*BAT*LF
A=0,9*Ca*BAT *LF

Closure rule
Transfer rule
Selected special rules

BAT [t/GWh]
LF

Additional information:

Source: NAP2 version 02/2008; European Commission; office in charge

Belgium - Wallonia: Comparison of emissions and allocation

Specific emissions in t CO,/GWh

N
o
o

No allocation rules

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

‘D Emissions: Existing plants B Allocation: Existing plants ~ Allocation: New plants ~ Emissions: New plants‘
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Bulgaria (BG)

|. GENERAL INFORMATION Million t Share
Total cap 42.3

New entrants reserve 24 5.6%
Auctioning -

Distribution to power sector 354 83.7%
JI/CDM 12.6%

II. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR
Existing plants Grandfathering
Lignite (E1) A=Egp* GF
Hard Coal (E2) A =Egp*GF
Natural Gas (E3) A =Egp*GF
CHP (Coal) (E4) A=Egp* GF
CHP (Gas) (E5) A=Egp * GF
New plants Benchmark
Lignite (N1) A =Prod * BAT g
Hard Coal (N2) A = Prod * BAT
Natural Gas (N3) A =Prod * BATg
CHP (Coal) (N4) A = Prodg * BATg chp
CHP (Gas) (N5) A = Prodg, * BATg chp
Closure rule
Transfer rule
Selected special rules
Values
BAT [g/kWh]

BAT [g/kWh]
BAT,c [g/kWh]

Additional information: BAT values based on European BREF

Source: NAP2 version 16.04.2007; European Commission; office in charge

Bulgaria: Comparison of emissions and allocation
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Finland (FI)
. GENERAL INFORMATION Million t Share
Total cap 376
New entrants reserve 1.4 3.7%
Auctioning -

Distribution to power sector

JI/ CDM

10.0%

Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR

Existing plants Benchmark

Lignite (E1)

Hard Coal (E2)
Natural Gas (E3) A= FCg *ECs* RCp * CFp
CHP (Coal) (E4) A= FCgp * ECc* RCe

CHP (Gas) (E5)

New plants
Lignite (N1)

Hard Coal (N2)

Natural Gas (N3) =
CHP (Coal) (N4) =
CHP (Gas) (N5)

Closure rule

Transfer rule
Selected special rules

VEIES

CFp

ECc [g/MJ]
ECc ne [g/MJ]
ECs [g/MJ]

ECq ne [g/MJ]
LFg [h/a]

LF¢ [h/a]

LFp [h/a]
EFC;

RCc

RCp

Specific emissions in t CO,/GWh

A= FCgp * ECc* RCp * CFp

A= FCg * ECs* RCc

Benchmark

=(Ca/Eff) * LFp * ECc ne * RCp

Ca/Eff) * LFp * ECg ne * RCp

Ca/Eff) * LF¢c * ECc ne * RCc
)

(
(
(
(Ca/Eff) * LF¢ * ECg ne * RCc

Finland: Comparison of emissions and allocation

I
I
! 2]
600 + — o - -- e 7 I
I S
2
! c
! 9o
400 + =
| [$]
| o
| ©
200 4 2

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

@ Emissions: Existing plants B Allocation: Existing plants = Allocation: New plants  Emissions: New plants‘




126 Comparison of allocation rules of EU member states (2008-2012) for the power sector
Portugal (PT)
I. GENERAL INFORMATION Million t Share
Total cap 34.8
New entrants reserve 5.1 14.6%
Auctioning -
Distribution to power sector 19.1 55.0%

JI/ CDM 10.0%

Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR

Existing plants Grandfathering

Lignite

(E1) -

Hard Coal (E2) A=Ca*LF*EC*CF
Natural Gas (E3) A= Egp + ECeyp * FC
CHP (Coal) (E4) A= Egp + ECeyp * FC
CHP (Gas) (E5) A=Egp*CF

New plants Benchmark

Lignite

(N1) -

Hard Coal (N2) A =Ca*LF*BAT
Natural Gas (N3) A=Ca*LF*BAT
CHP (Coal) (N4) A=Ca*LF*BAT

Closur

Transfer rule Transfers possible

A=Ca*LF*BAT
erule No more EUAs after year of closure

Selected special rules Yes

Values

ECcrp [t/TJ] 55.82

CF
LF [h/a]

Source:

Additional information:

0.968579235
5000

NAP2 version 23.08.2006; European Commission

Portugal: Comparison of emissions and allocation

Specific emissions in t CO/GWh

,;
o
o

No allocation rules

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

# Emissions: Existing plants B Allocation: Existing plants * Allocation: New plants ' Emissions: New plants‘
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Slovakia (SK)

. GENERAL INFORMATION Million t Share
Total cap 326

New entrants reserve 1.8 5.5%
Auctioning - -
Distribution to power sector 9.9 30.5%
JI/CDM 7.0%

II. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR
Existing plants Grandfathering
Lignite (E1) A =Prod *EC
Hard Coal (E2) A =Prod *EC
Natural Gas (E3) A =Prod*EC
CHP (Coal) (E4) A =Prod *EC

New plants
Lignite (N1)
Hard Coal (N2)
Natural Gas (N3)
CHP (Coal) (N4)

Closure rule
Transfer rule
Selected special rules

Values
EC [g/kWh] (E / Prod) for last six years

Additional information:

Source: NAP2 version 07/2006; European Commission

Slovakia: Comparison of emissions and allocation

Specific emissions in t CO/GWh

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

@ Emissions: Existing plants B Allocation: Existing plants ~ Allocation: New plants issi New plams‘
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Austria (AT)

|. GENERAL INFORMATION Million t Share
Total cap 30.7

New entrants reserve 0.3 1.0%
Auctioning 0.4 1.3%
Distribution to power sector 8.2 26.7%
JI/CDM 10.0%

II. ALL
Existin
Lignite

Hard Coal (E2)
Natural Gas (E3)
CHP (Coal) (E4)
CHP (Gas) (E5)

New pl
Lignite

Hard Coal (N2)

Natural Gas (N3)
CHP (Coal) (N4)
CHP (Gas) (N5)

Closur

Transfer rule
Selected special rules

BATg [t/GWh]
BATy [VGWh]

Source:

Additional information:

OCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR
g plants Benchmark

(E1) A = Prodgp * BATg * CF * GF

A = Prodgp * BATg * CF * GF

A = (Prodgp g * BATg + Prodgp 4 * BATy) * CF * GF
A = (Prodgp g * BATg + Prodgp 1 * BATy) * CF * GF
A = Prodgp * BATg * CF * GF

Benchmark

A = Prod * BATg

A = Prod * BATg

A = Prod * BATg

A = Prodg, * BATg+ Prody * BATy

A = Prodg, * BATg+ Prody * BATy

No more EUAs after year of closure

No Transfer-Option

Yes

ants
(N1)

erule

0.82641

1.16679

From 0,65 till 1,05
350

175

NAP2 version 10.01.2007; European Commission; office in charge

Austria: Comparison of emissions and allocation

Specific emissions in t CO/GWh

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

Bl Emissions: Existing plants B Allocation: Existing plants * Allocation: New plants =~ Emissions: New plants‘
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Denmark (DK)

. GENERAL INFORMATION Million t Share
Total cap 245

New entrants reserve 0.5 1.9%
Auctioning 0.3%
Distribution to power sector 15.8 64.5%

JI/CDM 17.0%
Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR
Existing plants Benchmark
Lignite (E1)
Hard Coal (E2) A = Prodgp * BATg
Natural Gas (E3) A = Prodgp * BATg + Egp * BATy
CHP (Coal) (E4) A = Prodgp * BATg + Egp * BATy
CHP (Gas) (E5) A = Prodgp * BATg
New plants Benchmark
Lignite (N1)
Hard Coal (N2) A =Ca*BAT\e
Natural Gas (N3) A =Ca*BAT\e
CHP (Coal) (N4) A =Ca* BAT\e cHp
CHP (Gas) (N5) A =Ca * BAT\e cHp
Closure rule No more EUAs after year of closure
Transfer rule
Selected special rules
Values
BAT [t/GWh]

BATy
BATe [tYMW]
BATNe_crp [TMW]

Additional information: Condition for new plants: LF>3000 h/a, when only LF>2000: CF=2/3, when LF<2000: CF=1/3

Source: NAP2 version 07.03.2007; European Commission; office in charge

Denmark: Comparison of emissions and allocation

1,400 4
|
|
1,200 4
|
|
E
o e
3 |
o |
£ 8004
2 ! 173
o ! (0]
2 | =
2 e00--- = - -
5 c
o ! i<}
= | ©
& 00 - 3
4 — _ _
& | 2
| ©
| o
200 -- & -—=
|
|
04 T T T T
Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

[ Emissions: Existing plants m Allocation: Existing plants = Allocation: New plants issi New plams‘




130 Comparison of allocation rules of EU member states (2008-2012) for the power sector
Sweden (SE)
I. GENERAL INFORMATION Million t Share
Total cap 224
New entrants reserve 2.6 11.7%
Auctioning - -
Distribution to power sector

JI/CDM 10.0%
Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR

Existing plants No free Allocation
Lignite (E1)
Hard Coal (E2) =0
Natural Gas (E3) =0
CHP (Coal) (E4) =0
A=0
New plants Benchmark for CHP
Lignite (N1)
Hard Coal (N2) =
Natural Gas (N3) =
CHP (Coal) (N4) =
CHP (Gas) (N5) =
Closure rule
Transfer rule
Selected special rules
Values
BATg, [t/GWh] 337
BATy [/GWh] 118

Prodg * BATg + Prody * BATy) * FA
Prodg * BATg + Prody * BATy) * FA

FA To be determined
Additional information: No free allocation to existing plants
Source: NAP2 version 31.08.2006; European Commission; office in charge

Sweden: Comparison of emissions and allocation

1200 — = — mmm
|
|
|
1,000
|
< |
3 |
S B0t — e
3] |
£ [
-
5 600+ 8
4 ! =
£ | c
o [ S 4
£ 4004 =
3
g ! o
2 | =]
©
200 4 2 %
|

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

O Emissions: Existing plants m Allocation: Existing plants = Allocation: New plants issi New plams‘




Comparison of allocation rules of EU member states (2008-2012) for the power sector

131

Ireland (IE)

|. GENERAL INFORMATION Million t Share
Total cap 223
New entrants reserve 1.9 8.6%
Auctioning 0.1 0.5%
Distribution to power sector 131 58.8%
JI/ CDM 10.0%
Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR
Existing plants Grandfathering and Benchmark

Lignite (E1)

Hard Coal (E2) A=Egp *CF

Natural Gas (E3) A = Prodg_* BAT + Egp y * CF

CHP (Coal) (E4) A = Prodg_* BAT + Egp y * CF

CHP (Gas) (E5) A=Egp *CF
New plants Benchmark

Lignite (N1)

Hard Coal (N2) A=Ca*LF*BAT

Natural Gas (N3) A=Ca*LF*BAT

CHP (Coal) (N4) A =Ca* LF * BAT + Bonus for CHP (?)

A = Ca * LF * BAT + Bonus for CHP (?)

Closure rule No more EUAs after year of closure

Transfer rule

Selected special rules Yes

Values

BAT [t/GWh] 375.5
0.68488847
7960

Additional information: Existing plants below 20 MWel allocated by grandfathering (sector-specific CF)

Source: NAP2 version 01/2008; European Commission; office in charge

Ireland: Comparison of emissions and allocation

Specific emissions in t CO/GWh
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Estonia (EE)
I. GENERAL INFORMATION Million t Share
Total cap 12.7
New entrants reserve 1.0 8.0%
Auctioning -
Distribution to power sector 11.8 92.4%

JI/ CDM 0.0%
Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR

Existing plants Grandfathering
Lignite (E1) A=Egp*GF
Hard Coal (E2) A=Eg *GF
Natural Gas (E3)

CHP (Coal) (E4) A=Eg *GF

New plants Projections
Lignite (N1) A=E
Hard Coal (N2)

Natural Gas (N3)
CHP (Coal) (N4)

Closure rule
Transfer rule
Selected special rules

Additional information:

Source: NAP2 amended version 2007; European Commission

Estonia: Comparison of emissions and allocation

Specific emissions in t CO/GWh

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

@ Emissions: Existing plants B Allocation: Existing plants ~ Allocation: New plants issi New plams‘
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Lithuania (LT)

. GENERAL INFORMATION Million t Share
Total cap 8.8

New entrants reserve 1.0 11.5%
Auctioning 2.8%
Distribution to power sector

JI/ CDM 20.0%
Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR

Existing plants Benchmark
Lignite (E1)
Hard Coal (E2) A =Egp + EA
Natural Gas (E3)
CHP (Coal) (E4) A=Egp + EA

New plants Benchmark
Lignite (N1)
Hard Coal (N2) A=Ca*BAT\e
Natural Gas (N3) A =Ca*BAT\e
CHP (Coal) (N4) A =Ca* BAT\e cp
CHP (Gas) (N5) A =Ca* BATye crp
Closure rule
Transfer rule
Selected special rules
Values
BATNEfCHP [t/MW]
BAT\e [t/MW]
CF ?
E 2,4265 * Fuel Consumption(toe)

Additional information: EA corresponds to Early Action Bonus: Fuel savedaggo.2005 * 2,4265

Source: NAP2 version 19.11.2007; European Commission

Lithuania: Comparison of emissions and allocation

1,200 4
|
|
|
1,000 4
|
< |
3 |
S 800+
8] |
= !
» |
T R
8 ! 2
£ | c
o I o 77
£ 4004 =
3
g g 7
& | = /
© /
o /
200+--- S L ______. Y. S - - L -
| z %
|
| /
04—

Lignite Hard Coal Natural Gas CHP (Coal) CHP (Gas)

‘ﬂ Emissions: Existing plants B Allocation: Existing plants ~ Allocation: New plants ~ Emissions: New plants‘




134 Comparison of allocation rules of EU member states (2008-2012) for the power sector

Slovenia (SI)

. GENERAL INFORMATION Million t Share
Total cap 8.3
New entrants reserve 0.1 1.6%
Auctioning -
Distribution to power sector 5.8 70.1%
JI/ CDM 15.8%
II. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR
Existing plants Grandfathering

Lignite (E1) A=Egp *CF

Hard Coal (E2) A=Egp *CF

Natural Gas (E3) A =Egp * CF + 0,1 * Prodg,

CHP (Coal) (E4) A =Egp * CF + 0,1 * Prodg

CHP (Gas) (E5) A=Eg *CF
New plants Benchmark

Lignite (N1) A =0,9*BATg * Prod

Hard Coal (N2) A =0,9*BATg * Prod

Natural Gas (N3) A =0,9*BATg * Prod

CHP (Coal) (N4) A =0,9* (Prodg * BATg + Prody * BATy)

CHP (Gas) (N5) A =0,9* (Prodg * BATg + Prody * BATy)

Closure rule
Transfer rule Transfers possible
Selected special rules Yes

Values

BATg [/GWh] 350

BAT, [/GWh] 200
CF ?

Additional information:

Source: NAP2 version 10/2006; European Commission

Slovenia: Comparison of emissions and allocation

Specific emissions in t CO/GWh
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Latvia (LV)
|. GENERAL INFORMATION Million t Share
Total cap 3.4
New entrants reserve 3.5 101.8%
Auctioning - -
Distribution to power sector 25 73.5%
JI/CDM 10.0%
II. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR

Existing plants Grandfathering
Lignite (E1)
Hard Coal (E2) A=Egp*CF
Natural Gas (E3)
CHP (Coal) (E4) A=Egp *CF

New plants Benchmark
Lignite (N1)
Hard Coal (N2) =(
Natural Gas (N3) =(
CHP (Coal) (N4) =(
CHP (Gas) (N5) = (

Closure rule

Transfer rule Transfers possible

Selected special rules

Values

CF

ECq [kg/GJ]

Prod * EC¢ * O * 0,36) / Eff
Prod * ECg * Og * 0,36) / Eff
Prodecsteat * ECc * Oc * 0,36) / Eff
ProdeLsteat * ECg * Og * 0,36) / Eff

ECo [kg/GJ]
Oc
Og

Additional information:

Source: NAP2 version 09.08.2006; European Commission

Latvia: Comparison of emissions and allocation

Specific emissions in t CO/GWh
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Luxembourg (LU)

|. GENERAL INFORMATION Million t Share
Total cap 25

New entrants reserve

Auctioning -
Distribution to power sector 0.9 37.2%

JI/ CDM 10.0%
Il. ALLOCATION RULES FOR THE POWER SECTOR - CALCULATION ON INSTALLATION LEVEL FOR 1 YEAR

Existing plants Grandfathering
Lignite (E1)
Hard Coal (E2) A=E*CF1*CF2
Natural Gas (E3)
CHP (Coal) (E4) A=E*CFlgp * CF2p

New plants Benchmark

Lignite (N1)

Hard Coal (N2) A=Ca*LF*BATg

Natural Gas (N3) A =Ca*LF*BATg

CHP (Coal) (N4) A = Prodg * BATg + Prody, * BATy

CHP (Gas) (N5) A = Prodg * BATg + Prody, * BATy
Closure rule No more EUAs after year of closure
Transfer rule
Selected special rules
Values
BAT [t/GWh]
BAT, [/GWh]

Additional information: For the production of new CHP plants a Load Factor of 6500 has to be applied

Source: NAP2 version after EU COM decision; European Commission; office in charge

Luxembourg: Comparison of emissions and allocation

Specific emissions in t CO/GWh
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Table 38: Validity of data

Status of certainty* Info
Existing plants New plants
Conventional CHP Conventional CHP

DE 1 1 1 1

UK 1 1 1 1

PL 2 2 2 2 Assumption: Existing plants allocated emission-specific, new plants via BREF benchmark

IT 1 1 1 1 Trend factor for 2010 used

ES 5 2 5 2 Assumption: LFs of reference plants; For CHP: Referring to total energy production (heat and
electricity)

FR 2 2 1 1 Assumption: CF of 2.71%, no further factors

CZ 1 1 2 2 Assumption: New plants allocated emission-specific

NL 1 1 1 1

RO 5 2 5 2 Assumption: BREF-benchmark for new plants; share of existing plants in sector emissions
unknown

GR 2 2 2 2 Assumption: BREF-benchmark and LFs of reference plants for new plants;

BE FL 1 1 1 1

BE BR 1 1 1 1

BE WA 1 1 1 1

BG 1 1 1 1 BAT based on BREF-benchmark

Fl 1 1 1 1

pT > 2 > 2 Assumption: BREF-benchmark for new plants; allocation to existing CHP plants emission-
specific

SK 1 1 1 1

AT 1 1 1 1

HU 3 3 3 3 Too many unknown factors

DK 1 1 1 1

SE 1 1 1 1

1E 1 1 1 1

EE 1 1 1 1

LT 2 2 1 1 Assumption: No CF (as it is unknown)

Sl 2 2 1 1 Assumption: No CF (as it is unknown)

LV 1 1 1 1

LU 1 1 1 1

*indicated by 1 for sure to 3 for unknown
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