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Executive summary

At the European level a comprehensive package of policy measures to reduce greenhouse gas (GHG)
emissions has been initiated through the European Climate Change Programme (ECCP). The first
ECCP was established in 2000, and was enhanced in 2005 with the launch of the second ECCP. The
goal of the ECCP is to identify and develop all the necessary elements of an EU strategy to implement
the Kyoto Protocol.

Whilst the policies under the ECCP have been implemented for some time, there is a lack of
quantitative information on the impact of policies and measures implemented under the ECCP on
emissions of greenhouse gases to date. This project has been commissioned to address this issue.
The work has been led by AEA in partnership with Ecofys, Fraunhofer ISI and the National Technical
University of Athens.

The specific objectives of the project were as follows:

e Develop suitable methodologies for the ex-post quantification of the impact of policies and
measures (PAMs) on GHG emissions on both Member State (MS) and European Community
(EC) level, clearly identifying the steps, data and tools needed.

e Provide an ex-post quantitative and qualitative analysis of the EU Emission Trading Scheme
(EU ETS) and other selected PAMs implemented under the ECCP.

e Provide concrete recommendations for the ex-ante analysis of future climate change related
PAMs and for the revision of Decision 280/2004 and its implementing provisions (Decision
2005/116).

e Build capacity at Member State level.
Methodology development

The development of the evaluation methodologies comprised a number of sequential steps. Firstly, a

review was undertaken of aétgimbxeost eSaluatipne Seéondtyutmerexe n t

post evaluation methods developed by Member States or other institutes were reviewed and
evaluated. Thirdly, an evaluation methodology was developed for application within this study.

Experience and data availability

The review found a large variation in the level of experience between different MS, of which there
were three groups: those with well developed capacity and expertise in ex-post evaluation (for
example, they had undertaken ex-post impacts of their climate change strategy); those with some
expertise in ex-post evaluation but in a more ad-hoc way (for example, had experience in evaluating a
few individual policies); and those with limited or no experience in ex-post evaluation of climate
change policies. In broad terms the EU15 Member States tended to have more experience in ex-post
evaluations and more often had formalised monitoring and evaluation systems in place than the EU12
Member States.

From a sectoral perspective, experience in ex-post evaluation of GHG emissions was greatest for
policies acting upon the energy demand sector. This included policies targeting emissions from the
road transport sector, and also policies targeting emissions from buildings. Experience was also
strong in the evaluation of emissions from the electricity generation sector. Fewer studies were found
for the waste sector, and fewer still for the agricultural sector and for emissions associated with
industrial gases. In the energy demand sector, the future requirements of the Energy Services
Directive (ESD) were cited as an important stimulus for Member States to evaluate the impacts of their
policies addressing energy consumption.

Most Member State had no formal rules for the ex-post evaluation of climate policies. This meant that
the methodological assumptions and data sources frequently varied between different studies.
Likewise, where cost effectiveness analysis had been performed as a part of the evaluation, the
analytical basis frequently varied. Taken together, these factors reduce the comparability of the results
from different evaluations, and therefore the usefulness of the results for EU policy makers.
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Review of potential methodologies

There are currently no standardised methodologies or models for the ex-post evaluation of climate
change policies at a European level. A number of methodologies can be used, and have been used,
for policy evaluation. These can be broadly categorised as:

e Top-down methods, which generally use macro-level statistical data to evaluate the impact
of measures.

e Bottom-up methods, which allow more detailed modelling of the impact of policies and
measures by determining what kind of technology or behaviour is influenced by the measure
and in which way.

e Integrated methods, which combine elements from both top-down and bottom-up methods.

Each methodology has different strengths and weaknesses. The suitability of a particular methodology
is a function of a wide range of inter-related factors, and these factors will change from one evaluation
to the next. Selecting the preferred method will inevitably involve making trade offs. Amongst other
things, this will include the cost of performing the evaluation, and the accuracy of the results. A further
trade off may be between the consistency of the methods (e.g. between Member States) and the
extent to which the methods can consider detailed issues (e.g. local markets, or local geographical
and climatic conditions).

For all methodologies the selection of key underlying assumptions has an important influence on the
results. The importance of these assumptions may also vary according to the sector to which the
methodology is applied. For example, a key methodological decision for policies targeting electricity
generation is the choice of the reference technology (i.e. the emission factor for savings from the
electricity generation sector).

Development of an integrated, tiered approach

Each of the methodologies was evaluated for their suitability for use in this study. An important
consideration was the requirement for the methodologies to reflect the varying levels of expertise in
policy evaluation in Member States. This required an approach that was neither too complex (so
required a large amount of resources) or too simplistic so did not adequately convey the complexity of
the policy in the given Member States. It was also important to select methodologies that could
actually be applied within the timescales and resources available to the study (taking into account
constraints on data) but had the flexibility to be further refined in the future.

Taking these considerations into account, we concluded that the most appropriate methodology for the
ex post evaluation of EU Climate Change policies within this study is an integrated (combining
elements of both top-down and bottom up methods) and flexible (tiered) approach.

The approach developed by the team borrows from the principles presented in the IPCC Guidelines
for National GHG inventories®, and employs a methodology that is based on three tiers of growing
detail and complexity. In general the data intensity, resolution of analysis, and accuracy of the
estimate increases from Tier 1 to Tier 3.

1 IPCC guidelines for National GHG Inventories, (2006), http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
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Based upon widely available aggregate statistical data
e —— which are updated on an annual basis

Tier 1L Reflects EU average conditions e.g. EU wide default
emission factors

No disaggregation between National and EU policies, and
other effects

Based upon aggregate statistics with a greater level of

e — resolution of the activity data (where available)
m Reflects country specific conditions e.g. national emission
factor for electricity production

Some examination of correction factors, e.g. autonomous
development

Detailed assessment of policy interactions

e —— Development of bespoke models or redevelopment of
existing models
Collection and analysis of additional data

Aims to tackle complex methodological issues

The Tier 1 approach represents a high level assessment of the policy impacts. For most policies a top-
down indicator based approach is used which draws on existing EU wide statistics. This means that
the methods can be easily repeated without additional data collection. It can therefore provide a rapid
estimate of GHG emission changes, utilising a limited number of easy to find input variables. It applies
a number of simplifying assumptions to ease comparison between countries and policies, and
consequently, may not reflect the full complexity of the policy in question. The ability of the Tier 1
approach to quantify policy impacts (as opposed to simply assessing changes in the variables that are
targeted by a policy) will depend upon the policy under evaluation.

In contrast, the Tier 3 approach involves a much more detailed assessment of the policy impacts,
using a much higher resolution of data (which is likely to require additional collection) and increasing
complexity in the methods. It enables the analysis of policy effectiveness to be undertaken in a more
comprehensive way, which may require the use of bespoke models and detailed bottom up data (on
e.g. the number and type of measures installed) that is not currently collected and collated by
statistical agencies. As far as possible the Tier 3 approach aims to consider all of the main
methodological issues, and to isolate the impacts of the policy fully.

The Tier 2 approach provides an intermediate level of analysis. It aims to address some of the most
important methodological issues that are unresolved in the Tier 1 approach, but it is still largely reliant
upon existing established aggregate statistics. The extent to which the Tier 2 approach is able to
isolate the policy impacts is therefore strongly reliant upon the availability and resolution of the data.

As far as possible, an iterative approach has been used in the development of the methods. This has
meant that the results from the application of the Tier 3 approach have been used to improve the
guidelines for the Tier 1 and Tier 2 approach. For example, the additional data that was collected as
part of the Tier 3 approach has enabled a more robust estimate of the EU average conditions, which
could then be applied in the Tier 1 approach.

Ideally, all of the policies would be evaluated using the most detailed (Tier 3) approach, since this
would provide the most comprehensive understanding of the policy impacts. However, the Tier 1 or
Tier 2 approaches can provide a useful first estimate where data or resources are scarce. The study
has investigated how accurately policy impacts can be quantified using existing top down statistics (as
part of a Tier 1 or Tier 2), without the need for a comprehensive Tier 3 approach.

Policy specific guidelines for ex-post evaluation were developed for each of the policies addressed

under this study (see box below). The guidelines outline, step by step, how the methodological
framework can be applied to the individual policies and measures.
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Policies for which methodologies were developed and applied under the study

Transport
e Voluntary agreement with car manufacturers to reduce CO2 emissions
e Biofuels Directive (Dir 2003/30/EC)

Energy sector and Industry

e RES-E Electricity production from renewable energy sources (Dir 2001/77/EC)
Promotion of cogeneration (Dir 2004/8/EC)
EU Emissions trading scheme (Dir 2003/87/EC) (including the linking Directive)
Integrated pollution prevention and control (IPPC) (Dir 96/61/EC)
Regulation (EC) No 842/2006 on certain fluorinated greenhouse gases

Households and Service
e Energy performance of buildings (Dir 2002/91/EC)

e Energy labelling of household appliances (Dir 2003/66/EC, 2002/40/EC, 2002/31/EC, 99/9/EC,
98/11/EC, 96/89/EC, 96/60/EC)

Waste
e Landfill Directive (Dir 1999/31/EC)
e Waste incineration Directive (Dir 2000/76/EC)

Agriculture
e Common rules for direct support schemes under CAP (Regulation (EC) No 1782/2003)
e Nitrates Directive (Dir 91/676/EEC)

Quantitative assessment of the policy impacts

A quantitative analysis was performed for -ddpth d&écase
evaluation. In addition, a qualitative analysis was undertaken of the key factors that influence
emissions but could not be captured within the quantitative approach.

Application of the methodologies

Application of the Tier 1 and Tier 2 methodologies involved the application of a spreadsheet model to
collate and analyse the data. Since the Tier 1 and Tier 2 methods have been specifically developed to
utilise existing datasets then no primary data collection was undertaken. However, this did require the
manipulation and analysis of existing statistical datasets (e.g. Eurostat, UNFCCC, FAO etc). Tier 1
methodologies have been applied to all 13 of the ECCP polices and measures short-listed for detailed
consideration. For certain policies the outcomes from the more detailed Tier 3 modelling has been
used to refine the parameters within the Tier 1 and Tier 2 approaches.

In all cases the application of the Tier 3 approach required the use of specialised sector-specific
models. It is unrealistic to believe that one model combines enough complexity in all sectors. On the
other hand this raises questions, in how far policy interactions that concern different sectors, are
reflected in the models.

I't was not possible within the scope of this study
policies. Instead we employed a range of new and existing models to demonstrate how a Tier 3

approach may be applied to a small selection of the policies. These examples demonstrate the level of

analysis that might be performed as part of a Tier 3 approach.

The following measures were selected for detailed consideration using a Tier 3 approach:
0 Voluntary agreements car manufactures (ASTRA model)

Vi AEA
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o0 Emissions Trading Directive (Econometric top-down/bottom-up approach for the
analysis of the EU ETS impacts in the industrial sector, PowerACE model for the
analysis of EU ETS impacts in the Power Sector)

o Energy Performance of Buildings Directive (EPBD) (MURE simulation model)

o Directive on labelling of household appliances (appliance stock model as part of the
MURE simulation model)

0 Biofuels Directive (Green-X model)

0 RES-E Directive (Green-X model)

In addion to the above methods, a modified version of the PRIMES model has been used to refine and
validate the tiered methodologies and to provide alternative estimate of the GHG impacts associated
with the ACEA Agreement, the RES-E Directive and the Biofuels Directive.

Overall results

Results are presented for each of the individual policies, and for each of the separate methodologies.
The values represent the estimated reduction in GHG emissions that can be associated with the
individual policies, in accordance with the respective methodologies. This represents the difference
between the actual observed emissions and the assumed emissions in the absence of the policy (i.e.
the counterfactual).

Whilst the results have been generated using, as far as possible, a consistent methodological
framework, there are number of reasons why the results of this study, for each of the individual
policies, cannot be compared easily. These are described further below.

Firstly, the time frame considered may differ from policy to policy. Each policy has a different starting
year: for example a policy like the European Directive for the Performance of Buildings (EPBD)
entered into force in 2002 but will be fully transposed only in 2009 meaning that the main impact will
occur in the future. Other policies, like the Directive for the promotion of renewables have already
delivered impacts for a number of years or have spurred a very rapid growth in installed capacities.

Secondly, recent statistics are not available for some policies. This is particularly relevant for those
policies that have the potential to deliver significant savings in a relatively short period of time. For
certain policies, the actual impact in recent years may be considerably higher than the impact in the
latest year for which data is currently available.

Finally, the relative complexity of the policies, and the availability of policy data, means that the
methodologies are suited to certain policies more than others. Consequently, the relative uncertainty
in the policy estimate is much greater for some policies than for others. In general, we advocate that
the results are interpreted on a policy-by-policy basis, taking into account the unique circumstances of
each individual policy.

For these reasons, we do not recommend that the results from the individual policies are
replicated or compared without reflecting upon the relative uncertainties in the estimates. For a
better understanding of the results for specific policies, we refer the reader to the individual policy
chapters located in the Appendices to this report.

Taking into account these uncertainties, Table E1 compiles the ex-ante estimates of the ECCP
impacts in 2010 and compares these with the results from our evaluation of the impact to date. The
ex-post results are presented for each of the Tier 1, Tier 2 and Tier 3 approaches, with the values
representing annual savings for the latest evaluation year available (specified for each policy). Results
are presented for EU-15 and EU-27 where available. The policies are ordered according to the sector
in which the savings arise. A sum of the results is also provided. However, it must be kept in mind that
in order to compile this estimate, important choices had to be made on methodological options which
are still open for debate. Also they comprise the sum of results from different years of impact. This
sum should therefore be considered as indicative and cannot be considered as a definitive
estimate of the impact of the policies investigated. It may nevertheless be useful to compare it in a
preliminary way with the original ex-ante results to assess progress against expectations.

A traffic lights based colour coding has been employed to highlight the relative uncertainty of the
estimates, allowing the values from the different policies to be presented in a single table. Values in
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red cells are considered most uncertain, and should not be considered a robust assessment of
the policy impacts. In contrast, the values in green cells, whilst not without limitations, are
considered to be within a reasonable bound of uncertainty and the results can be used as a good
estimate of the policy impacts. Values are deemed to be

, but the approach may need further development.

Allowing for these large uncertainties, the results obtained with the Tier 1 approach are of the same
order of magnitude as the ex-ante estimates at 287 Mt CO, eq. for the EU15 when the impacts for the
most recent year for which results are available (generally 2005-2007) are summed. Policy estimates
derived from the Tier 1 approach tend to be the highest, frequently due to an insufficient correction for
emissions reductions that would have happened anyway. This is mainly the case when the gap
between Tier 1, Tier 2 and possibly Tier 3 is particularly large, e.g. in the case of the Landfill Directive.

The sum of the Tier 2 results is 113 Mt CO, eq. for the EU15, considerably lower than the Tier 1 result.
This is partly due to the fact that not all policies considered were able to develop a Tier 2 approach
(CHP Directive, IPPC, Labelling and EU ETS). Notwithstanding this issue, Tier 2 results are
consistently lower as a result of the corrections introduced. The one exception of the EPB Directive,
where the further refinement in Tier 2 approach results in a larger emission saving.

The Tier 3 approach indicates savings in the range of 194 Mt CO, eq., so greater than the results for
Tier 2. However, most of this difference can be explained by the inclusion of more recent data for the
RES-E Directive in the Tier 3 approach. Whilst the estimates from the Tier 3 approach are more
robust, they are not complete. Only a selected number of polices could be analysed. Also for an
important policy such as the EU ETS only partial results are available to illustrate the methodologies.
A complete analysis would show higher results.

For those results that are considered to be a reasonable estimate of the policy impact (see traffic light
coding on table), the ex-post results for the latest year available are often considerably lower than the
policy impact projected for 2010. In some cases (e.g. EPBD), recent implementation means that the
bulk of savings will be achieved closer to 2010. However, for other policies (potentially ACEA and
biofuels), it is possible that the ex-ante estimate has been over optimistic.

The decomposition analysis performed with PRIMES estimates the combined effect of the EU
agreement with car manufacturers, the implementation of the Biofuels and the RES-E Directives to
amount to a reduction of CO, emissions by close to 120 Mt CO,. The results from this analysis are
very similar to (but slightly lower than) the results from the tiered methodologies for ACEA and
Biofuels but significantly higher in the case of the Renewables Directive. This highlights the influence
that data (e.g. different data sets), and methodological choices can have on the evaluation results.
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Table E1: Comparison of ex-post and ex-ante estimates of GHG savings from selected policies
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Mt CO; eq.

Ex-ante estimates

Ex-post evaluation estimates (annual savings in latest year)

Factor Anal;/sis
PRIMES

CCPM

ECCP Review:
annual savings in
2010 (EU-15)

T1

T2

T3°

Transport

Voluntary agreements with

NE (EU27, 2005)

NE (EU27, 2005)

21.2/30.2 (EU27, 2005/2007)

car manufacturers 75- 80 29.4 (EU15, 2005) 26.4 (EU15, 2005) | 17.9/25.4 (EU15, 2005/2007) | 231 (EU27,2005)
Biofuels Directive ] 13.3 (EU27, 2007) 13.3 (EU27, 2007) 13.0 (EU27, 2007)
(Dir 2003/30/EC) ¥ 35-40 12.5 (EU15, 2007) 12.5 (EU15, 2007) 12.2 (EU15, 2007) 7.8 (EU27, 2005)
Energy Sector/Industry
RES-E Directive ] 25.8 (EU27, 2005) 25.8 (EU27, 2005) 40.3/139 (EU27, 2005/2008)
(Dir 2001/77/EC) ? 100 - 125 23.8 (EU15, 2005) 21.1 (EU15, 2005) | 34.1/118 (EU15, 2005/2008) | o0/ (EU27,2005)
Promotion of cogeneration
(Dir 2004/8/EC) 65 NE NE NE
EU ETS 6
(Dir 2003/87/EC) N/A NE 4.5 (Germany, 2006) NE
Integrated pollution
prevention and control 60-70 NE NE NE
(Dir 96/61/EC)
F-Gases (Regulation EC
No 542/2000) 23 NE NE NE NE
Households/Service Sector
gﬂﬁg?ggze”orma”ce of a5 . 45 83.8 (EU27, 2006) 156.5 (EU27, 2006) | 0.0/31.7 (EU27, 2004/2010) NE
(Dir 2002/91/EC) 33.5 (EU15, 2006) 44.2 (EU15, 2006) 0.0/26.9 (EU15, 2004/2010)
tf*et;‘fr':l:”g piective for 26 21.5 (EU27, 2006) NE 13.3 (EU27, 2004) ¥ \E
pp NE (EU15, 2006) NE 12.1 (EU15, 2004)

(Directive 92/75/EEC) ¥

2 Factor Analysis PRIMES only carried out for three policies
® Tier 3 estimates are only carried out for a selection of policies
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Table E1 (continued)

Ex-ante estimates Ex-post estimates (annual savings in latest year) Factor Analysis
Mt CO; eq. PRIMES
ECCP Review: T1 T2 T3
annual savings in
CCPM 2010 (EU-15)
Waste
Landfill Directive 30.5 (EU27, 2006)
(Dir 1999/31/EC) 41 NE NE
Waste Incineration
Directive (Dir 2000/76/EC) NE NE NE
Agriculture
Nitrates Directive 10)
(Dir 91/676/EEC) 10 NE NE
Common Agricultural
Policy (Regulation EC No 2 NE NE
1782/2003) *?
All sectors
13) ] 287 (EU15) 113 (EU15) 194 (EU15) - (EU15)
Sum 472527 (EU15) 482 (EU27) 225 (EU27) 231 (EU27) 120 (EU27)

2)
3)

4)
5)
6)
7

Notes:
1)

Excluding an assessment of the possible effects of indirect land-use change. Such effects, if taking place, may substantially reduce the impact calculated. Figures are,
however, highly uncertain and require further investigation.

Excluding large hydro. 2008 estimate based on installed capacities in 2008 as compared to 2005 (minus the capacities already installed up to 2003).

CO, savings based on primary energy savings. The Tier 1 approach assumes that CHP electricity production is replacing the average fuel mix of the EU-27 (fossil-fired public
supply). It assumes further that CHP heat is replacing the marginal factor associated with heat from a natural gas-fired boiler with an efficiency of 85%. Savings relative to
2004, attributing them to the Directive. However, the impact of the CHP Directive is still non-existing and only expected from 2009/2010 onwards. There is a contribution of
CHP to climate policy objectives regardless whether this contribution is policy induced or not.

Intensity approach.

Direct projection of inventory data.

Includes only partial results for Germany and only the impacts in the power sector (dispatching effect only) and in the clinker production sector.

T1/T2 results under the assumption that the EPBD has already produced impacts starting 2002. T3 makes the more realistic assumption that impacts will only start in 2008
taking into account delays in the implementation of the EPBD.
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Table E1(continued)

) Including existing labels which are estimated ex-ante to be around 20 Mt CO»-eq.

®) Tier 3 results are based upon a more refined approach; however, data at a more refined level is only available to 2004.

9 The first ECCP quantified the potential savings from N2O emission from soils in the EU-15 at 10 MtCO2eq in 2010 without allocating these possible savings to a particular
policy.

" The analysis has focussed two individual elements of the 2003 CAP reform only: the sheep and goat meat regime and the beef sector premia. Specifically, the change in
livestock numbers arising from the reform in these sectors. Other important components have not been investigated within this study and would benefit from further
investigation. In particular, the methodologies need to be extended to include impacts on carbon within soils and the broader impacts of land use change. Impacts in N20O
emissions from soils and nitrate use are included in the impacts of the Nitrate Directive.

2 Based upon reductions in emissions from enteric fermentation (0.3 Mt CO2eq) and from anaerobic digestion (1.7 Mt CO2eq) estimated in the review of the ECCP. Further
reductions were identified for emissions of N2O from soils. These have been described in relation to the Nitrates Directive above.

¥ The sums for the ex-post evaluations should be taken as indicative only. They combine results for varying years, based on particular methodological assumptions.

The colours in the fields for the Tier 1, 2, 3 approaches have the following meaning:

The approach provides only a rather approximate estimate of impacts and should not be considered a robust assessment
of the policy impacts

Orange colour: The approach provides a fair approximation to the impact assessment. However the approach may need to be worked out
further. (This is for example the case for the EU ETS).
Green colour: The results can be considered as a good estimate of the policy impact. However, frequently, still methodological choices

have to be made, for example with respect to the emission factors. The data basis is, however, satisfactory to make these
choices (This is for example the case of the RES-E Directive).

IAbbreviations:
MSsp: Member State specific starting year for the ex-post evaluation
NE = not estimated

Sources: European Commission for the ex-ante estimates, this study for the ex-post estimates.
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Overall, for certain policies we consider that the results derived from the application of a Tier 1 or Tier
2 approach provide a reasonable approximation of the policy impacts: see Table E2. Whilst the results
derived for these policies are not without uncertainties, we consider that these uncertainties are within
a reasonable bound that the Tier 1 or Tier 2 results can be used to provide an approximate estimate of
the policy impact to date.

However, for certain other of the ECCP policies that were analysed, we do not consider that the
results achieved by applying a simple Tier 1 or Tier 2 approach provide an accurate representation of
the policy impacts. For these policies, the uncertainties in the estimates that are derived from applying
a Tier 1 or Tier 2 approach are too great, and we recommend that a Tier 3 approach is developed in
order to quantify the policy impacts within an acceptable bound of accuracy i see Table E2.

For a third group of policies, we consider it may be possible in the future to evaluate the policies using
a Tier 1 or 2 approach. However, current limitations in the availability of data provide a barrier to the
use of a more simplistic approach for the policy evaluation. Until additional data is made routinely
available, a more extensive Tier 3 approach will be required for the evaluation of these policies, which
will itself require additional data collection.

Table E2: Suitability of the tiered methodologies for evaluating the impacts of individual policies

Policies for which a Tier 1 and 2
methodology can be currently
used to produce reasonable
estimates of policy impact

Policies for which a Tier 1 and 2
methodology could in the future be
used to produce reasonable
estimates of policy impact

Policies for which a Tier 3
methodology is required due to the
complexity of methodology or high
resolution of data required

RES-E Directive
Labelling Directive
ACEA agreement
Landfill Directive
Biofuels Directive®

Nitrates Directive*

CHP Directive*

Energy Performance of Buildings
Directive*

EU ETS*

IPPC*

Common Agricultural Policy (CAP)
reform*

F-gas Regulations*

Waste incineration Directive*

* At present there is insufficient data available for most of those policies to perform a complete evaluation. For the EU ETS, in
principle most of the data is available but some important parameters such as elasticities for the demand of industrial products
as a reaction to carbon pricing or the pass through behaviour for carbon prices of industrial and energy companies are
insufficiently supported by empirical evidence.

Excluding any impacts associated with land use change
Key findings from the application of the methodologies

The results from the analysis can be used to inform the development of future ex-post evaluation
methodologies and initiatives. The main findings from the application of the methodologies cover a
range of issues, but can be broadly related to 2 areas:

e Data requirements and availability
e Methodologies and methodological parameters

Data requirements

The availability of accurate, relevant and timely data is a prerequisite for the robust evaluation of
policies and measures. However, the amount of data required in order to perform a robust evaluation
of the impacts varies greatly between policies, depending on the complexity of the mechanisms
involved and the coverage of the instrument.

For certain policies the resolution, or granularity, of the data was an important factor in determining
the extent to which the policy could be evaluated without detailed modelling. This was particularly an
issue for those policies that either acted upon a sub sector or where the emissions performance varied
significantly within sub sectors. Whilst some of the evaluations were informed by data that was
provided by Member States, in accordance with their monitoring requirements under the respective
Directives, others used additional data sources. In general, for most the policies additional
supplementary data was required, over and above the current monitoring requirements, in
order to perform a robust evaluation of the policy impacts.

Xii AEA




ENV.C.1/SER/2007/0019 Restricted - Commercial
AEA/EDO05611/ Final Report

The collection of more refined data is important for ensuring the robustness of the emissions
estimates, but is also important for isolating policy impacts from other contributory variables (e.g.
structural changes in the sector that are unrelated to the policy impacts). This may require
substantially more data to be collected for certain policies than for others. Importantly, for certain
policies the isolation of the counter-factual emissions required data on the emissions-causing activities
for a period prior to the policy implementation. This was necessary in order to isolate the policy
impacts from pre-policy trends. Since data collection activities only begin once the policy has been
implemented then this can create problems for any subsequent evaluations of the policies.

Another challenge was access to data. In some cases, data may be restricted e.g. commercially
confidential data on industrial output or price data. In other cases the data required for the evaluation
may be collected already by private sector organisations, but may not be accessible without payment.

A further consideration is the timeliness of the data. For example delays in reporting may mean that
the impacts of recent activities may not be considered by the evaluation. For measures that have the
potential to deliver savings over a relatively short period of time e.g. renewable energy, the impacts
can increase significantly from one year to the next.

Finally, the quality of the data was found to be an important consideration in the development of the
evaluation methodologies. Whilst emissions from energy consumption can be calculated with a
reasonable degree of accuracy, emissions on non-CO, greenhouse gases, for example emissions
from agriculture, are generally subject to a higher level of uncertainty. Whilst these uncertainties are
known, and work is underway to improve the accuracy of the factors, this does have implication for the
methodologies that are developed to quantify emissions reductions in these sectors. Specifically,
where default emissions factors are applied, these may not adequately reflect the influence of the
policies on the overall emissions.

Methodologies and methodological parameters

There are currently no fixed rules for what methodological assumptions should be made when carrying
out an ex-post evaluation. Consequently, there is an element of subjectivity involved in the process.
This leads to inconsistencies in the results of separate studies. It also makes it difficult to isolate the
impact of key methodological decision on the overall results. Ultimately, this reduces the usefulness of
the ex-post evaluation results to policy makers.

For some of the policies examined the implementation of the policy or regulation varied significantly
from one Member State to the next. This included both the timing of the policy implementation, but
also the nature in which the requirements were met. Differing assumptions on policy implementation
lead to different evaluation results.

The influence of policy overlaps can also help to explain apparent variations in policy effectiveness
between Member States. For example, measures implemented at a national level may have had a
large impact upon greenhouse gas emissions prior to the implementation of the Directive. This may
therefore reduce the potential (or most cost-effective potential) savings that remain to be delivered
under the Directive.

The choice of emission factor has an important influence on the overall results. This is particularly
relevant for those policies that deliver savings in the electricity generation sector. An important area of
debate is whether to use emissions factors that represent the average or marginal generation
technology (i.e. to consider which technologies have really been displaced by the new technologies in
the day-to-day operation). There are similar issues relating to the choice of emissions factors in other
sectors, particularly where the potential range in the values is large (e.g. life cycle emissions from
different biofuels feedstocks).

There are a number of other methodological factors that can be potentially important for specific

policies which may or may not be corrected for with additional data. In some cases adjustments can

be made as part of t he ewalmadtiisen mehtelsced ol argiyattiooné
influence of these variables on the overall outcome (e.g. temperature correction of savings from

policies targeting energy demand of buildings).
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Recommendations

Building upon the key finding and conclusions from the study, a number of recommendations have
been proposed for the further development of ex-post and ex-ante evaluation activities with the EU.
This includes specific consideration of how the developments may be realised through amendments to
the Monitoring Mechanism Decision and its Implementing Provisions.

Upscaling evaluation activity

To encourage Member States to perform regular and integrated policy evaluations and (re)appraisals,
we recommend that the EC introduce a reporting requirement for MS to prepare a National Climate
Change Policy Evaluation and Appraisal (NCCPEA) Report covering their most important measures or
a specified set of EU policies.

Without reporting requirements set in legislation, policy evaluation and appraisal will continue to be ad
hoc, unless required by national legislation, and methods may not be transparent. Reporting would
stimulate evaluation activity by encouraging MS to report on their evaluation plans and activities.

Furthermore, reporting would make evaluation methods more transparent. This in turn allows the EC
to compare and contrast MS results, to understand why results vary and to inform EC level
evaluations. The information also provides a platform for MS to work together to overcome common
difficulties and share best practice.

The National Climate Change Policy Evaluation and Appraisal Report

The National Climate Change Policy Evaluation and Appraisal (NCCPEA) Report should contain the
results of policy appraisals and evaluations. Results should be presented in a common format using a
standard reporting template.

The NCCPEA Report should be submitted on a regular basis. This report could be submitted
alongside the projections report i.e. every other year: 2011, 2013, 2015. However, a less frequent
interval may be more appropriate to limit the additional burden on Member States.

The report should encourage a cyclical approach to appraisal and evaluation of the policy (see Figure
E1), whereby policies are re-appraised in the light of findings from the ex-post evaluation.

Figure E1 Policy appraisal and evaluation cycle

Impact assessment
Policy design Ex-ante appraisal*
Ex-post evaluation plan*

Ex-ante Policy
Reappraisal* implementation

Ex-post
Evaluation*

* Documented in National Policy Evaluation and Appraisal
Report and Plan

Whilst the NCCPEA report should, ideally, contain the latest evaluation evidence available, it should
not necessarily mandate an evaluation of all policies and measures. It may be more appropriate to
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evaluate certain policies less frequently than others, particularly where the costs of additional data
collection are large. Reporting within the NCCPEA could therefore take into account existing policy
evaluation cycles within Member States.

Likewise, MS should be given flexibility, at least initially, to choose the evaluation methodologies that
they employ. There is an argument for including a requirement in the MM for MS to report impacts in
accordance with a harmonised methodology and default set of methodological assumptions, since this
will allow the full consistency of the results. However, it is clear from the work undertaken as part of
this project that there is still debate on the most appropriate methodologies and methodological
assumptions.

Further debate and discussion is required before harmonised methodologies or assumptions can be
prescribed. We therefore recommend that the MM does not prescribe the evaluation methodologies to
be used. However, it could require MS to report on the methodologies that they have used, the key
data sources, methodological assumptions and main uncertainties in the estimates.

The NCCPEA report should, ideally, follow a consistent structure and format so as to enable a
comparison of results from different member states. The report could include the following information:

a) List of policies evaluated

The report should include a list of the policies and measures that have been evaluated and are
considered within the report. These should be identified as CCPMs or supporting national policies.

b) Quantitative estimates

The report should include a concise summary of the quantitative estimates of the policy impacts. The
estimates should be provided in accordance with an agreed template. The template should allow key
differences in the evaluation period, and the relative uncertainties of the methods, to be identified.

c) Scope of the policy evaluations

The report should include a clear description of the scope of the evaluation performed for each of the
individual policies. This should include:

e A description of the evaluation period i.e. what is the assumed start data of the policy, and
up to what point in time have the impacts been evaluated to. This should include any
assumptions with respect to announcement effects or delay effects.

e A description of the implementation of the policy in the respective MS. This would include
details of the scale and timing of implementation, the enforcement arrangements and details
of any supporting initiatives. This should also include a qualitative description of the potential
influence of key implementation assumption of the evaluation results.

e The report should also describe any boundary conditions relevant to the policies evaluated.
For example, for certain policies it may be appropriate to consider indirect or life-cycle
emissions.

d) Description of the data

The report should include a clear description of the data that has been used to underpin the policy
evaluations reported. This may include the following information:
e Activity data
Emissions factors (and their impact on the counterfactual)
Data used to isolate the counter-factual
Key data uncertainties
Consistency with inventory data

e) Description of the methodologies
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Methodological choices, such as emissions factors, can lead to discrepancies between Member
States policy estimates and those derived at an EC level. To ensure the consistency and comparability
of results, appraisals and evaluations should include an explanation of how the results have been
derived and the main methodological assumptions used. This would also include a description of any
adjustment factors that have been applied.

f) Future evaluations activities

Finally, it is important that monitoring and evaluation requirements are planned in advance of policy
implementation to ensure appropriate monitoring data is collected over the lifetime of the policy to
enable its future evaluation. The NCCPEA Report could therefore also include:

a timeline of planned appraisal and evaluation activities for individual policies;
details of the methodologies and data sets to be used;

details of any primary data collection activities;

details of any difficulties foreseen and how those difficulties will be overcome.

National system for policy evaluation and appraisal

The requirements described above could be further expanded to require MS to set up and report
details of responsible institutions, processes, data flows and data management, QA processes etc for
policy evaluation and appraisal. This would be akin to the requirements placed on Member States with
respect to the setting up national systems for inventories in accordance with the UNFCCC. In this
case, the requirement would extend beyond simply reporting policy impacts and the associated
methodologies to setting up the institutional architecture to support such activities.

In this case, the national system would comprise the institutional, legal and procedural requirements
necessary for monitoring and evaluating the effectiveness of climate change policies over time.
Experiences from the setting up of national systems for emissions inventories suggest that this
supporting framework is important for ensuring the quality of the inventories. It could therefore be
argued that a similar system is necessary for ensuring the quality of data reported on policy impacts.
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1 Introduction

This is the final report submitted to the European Commission under the contract
ENV.C.1/SER/2007/0019, which presents the results obtained f r o m t hQuanfificabon efche
effects on greenhouse gas emissions of policies and
partnership with Ecofys, Fraunhofer ISI and the Institute of Communication and Computer Systems

(ICCS) of the National Technical University of Athens.

This report summarises the work done throughout the project, including the methodologies that have
been developed and applied for each of the selected policies and measures, and the overall results. A
separate report has been prepared to outline in more detail the methodologies that have been
developed during the study. The detailed results from the application of these methodologies to each
of the selected polices and measures, are presented in separate policy chapters in the appendices of
this report. The appendices also include a paper outlining the results of the application of the PRIMES
model to the ex-post evaluation of selected policies.

1.1 Study background

At the European level a comprehensive package of policy measures to reduce greenhouse gas (GHG)
emissions has been initiated through the European Climate Change Programme (ECCP). The first
ECCP was established in 2000, and was enhanced in 2005 with the launch of the second ECCP.

As part of the second ECCP a working group was set up to review the first ECCP. The objectives of
the working group were to:
¢ Review the implementation of the climate change related EU-wide policies and measures;
e Assess their concrete implementation in Member States and the resulting actual and projected
emissions reductions;
¢ Identify new opportunities for potential emission reduction.

The review found a significant variability in the implementation of polices and measures among
Member States (MS), as well as in the actual trends for different sectors in the MS. It also indicated
that the existing ECCP policies and measures database is, as yet, not detailed enough to fully assess
the impacts of individual policies and measures on greenhouse gas emissions in a thorough
gquantitative manner. Thus, the working group in many instances had to limit their discussions to rather
qualitative assessments.

This study has been commissioned to address the lack of quantitative ex-post estimates on the
impacts of the policies and measures implemented under the ECCP on emissions of greenhouse
gases within the EU. The specific objectives of the project are as follows:

e Develop suitable methodologies for the ex-post quantification of the impact of policies and
measures (PAMs) on GHG emissions on both Member State (MS) and European Community
(EC) level, clearly identifying the steps, data and tools needed.

e Provide an ex-post quantitative and qualitative analysis of the EU Emission Trading Scheme
(EU ETS) and of selected PAMs implemented under the ECCP.

e Provide concrete recommendations for the ex-ante analysis of future climate change related
PAMs and for the revision of Decision 280/2004 and its implementing provisions (Decision
2005/116).

e Build capacity at Member State level.

The scope of the study is broad and its successful delivery has required a number of significant
challenges to be overcome. In particular, since there are currently no standardised methodologies or
models for the ex-post evaluation of climate change policies at a European level, the study has been
required to both develop methodologies and also to implement these methodologies. Inevitably, this
has meant that the methodologies have undergone a number of iterations as new issues, or areas for
harmonisation have been encountered. Within the resources available to the study it has been
possible to take the methodologies further in some areas than in others. As such, certain issues have
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not have been considered in as much detail as we would have liked and further areas of research
remain. These uncertainties aside, we are confident that the work presented in this report provides an
important first step in the development of consistent and comparable estimates of the ex-post impacts
of policies and measures implemented under the ECCP.

1.2 Report Structure

In addition to this Section, the report is organised into the following sections:

Section 2 presents the policy context for the study. It describes the European Climate Change
Programme and the component policies. It also provides a summary of the initial ex-ante estimates of
the impacts of the Programme on emissions of GHGs, since these provide a benchmark against which
the subsequent ex-post results can be compared.

Section 3 describes the overall approach that has been followed during the study. It provides a
synthesis of the initial scoping and review phases of project, describing the selection of policies to be
considered in detail and the selection of Member States as case studies. It also provides a brief review
of the methodologies that are available to quantify the ex-post effects on GHG emissions of policies
and measures. The findings from the review have been used to develop and refine the methodologies
applied during the project.

Section 4 presents the results from the application of the methodologies to the policies considered for
detailed assessment. The policies are evaluated using a three-tiered approach i which is applied
consistently across all policies. The results are presented on a sectoral basis. Firstly, the overarching
socio-economic trends for the sector are described. This is then followed by results of the three-tiered
approach to an ex-post analysis from each of the policies analysed. The results of the ex-post analysis
are systematically compared with ex-ante estimates. In each case the key uncertainties in the results
are clearly described, linking them back to key uncertainties in methodological choices and in
underlying data, identifying thus the fields for future action for each of the policies selected.

Section 5 describes the lessons learned from the exercise and recommendations for future
improvements. It draws together the findings from each of the individual policies and presents a
summary of the key recommendations for the design and subsequent evaluation of climate change
polices. It is presents some ideas on how the outputs of this project can be taken forward in
subsequent studies.

Finally, in Section 6 more specific recommendati ons
Decision. The Decision is currently under review with a view to making minor amendments to selected
reporting requirements.

The report also includes two separate appendices

Appendix 1 contains individual chapters that outline the main results and research findings for each of
the policies that have been considered as cases studies within the study. These chapters provide
detailed information on the policy specific issues that have influenced the methodologies that have
been employed, and the main uncertainties in the results. The main finding from the policy chapters
are synthesised in Section 4 of the main report.

Appendix 2 contains a summary of the results of the decomposition analysis performed using the
PRIMES model. The headline findings are summarised in Section 4 of the main report.

A stand-alone Methodologies Report describes the methodologies that have been developed during

the project. The report also provides guidance for policy makers on ex-post evaluation, and tools to
facilitate the implementation of a consistent approach the GHG policy evaluation.
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2 Policy context

Under the Kyoto Protocol the European Community has committed to reduce its average annual

collective greenhouse gas emissions in the commitment period (2008-2012) to 8% below base year

emissions (1990 for CO2, CH4 and N20O, and 1995 for fluorinated gases). Only pre-2004 Member

States (EU-15) are covered by the EU burden-sharing agreement which lays down differentiated

emi ssion | imitations f oF2004 accebsior§ Mentber Statek nave iddividual06 ( p o st
targets under the Kyoto Protocol4. In 2007 the EU27 made a firm independent commitment to achieve

at least a 20% reduction of greenhouse gas emissions by 2020 compared to 1990, to be increased

possibly to 30%, if an international agreement could be achieved for the post-Kyoto period after 2008-

2012.

Member States are required, under Article 3 of the EU GHG Monitoring Mechanism Decision®, to
devise and implement national programmes in order to fulfii MS and EC commitments under the
UNFCCC and the Kyoto Protocol and to report actual and projected progress to the targets. The
National Programmes are required to contain, amongst other details, information on national policies
and measures to reduce emissions or enhance removals by sinks, including quantification and
evaluation of the impact of PAMs. The Monitoring Mechanism Decision is currently under review with
a view to making minor amendments to selected reporting requirements in advance of the next
reporting deadline in 2011. A more substantial revision of the Decision will take place in advance of
2013 reporting to accommodate the 2020 targets.

2.1 European Climate Change Programme (ECCP)

The European Climate Change Programme (ECCP) was established in June 2000 to reinforce the
ongoing actions by both Member States and the European Community. The goal of the ECCP is to
identify and develop all the necessary elements of an EU strategy to implement the Kyoto Protocol. A
key component of the ECCP was the identification of cost effective additional measures to help the EU
meet its Péyoto Protocol target. These are known as common and coordinated policies and measures
(CCPMs)".

The first ECCP reviewed over 40 measures for their potential contribution to the Kyoto target. The

programme estimated that a number of cost-effect i ve options had a 6étechnical
savings of between 664 and 765MtCO,e q i n 620106 (average of emissions
Put in context, 765 Mt CO, is equivalent to 14% of the base-year emissions’ reported for the EU-27 as

a whole (based on data available from national greenhouse gas inventories as of 18 June 20088). A

number of measures were identified across a range of sectors and included, for example, proposals

for an EU ETS, EPBD, biofuels directive, energy efficient public procurement, and revision of the IPPC

directive.

A progress report on the implementation of the ECCP was published in May 2003. The assessment
showed a significant variability in the implementation of policies and measures amongst the Member
States as well as in the actual emission trends for different sectors in the MS. It also showed the
difficulty in assessing the impacts of individual policies and measures on greenhouse gas emissions in
a thorough quantitative manner at EU and MS level.

In 2005, the European Commission launched the second European Climate Change Programme
(ECCP 1), establishing a number of stakeholder working groups to review ECCP 1 Progress and
investigate new policy areas. The following revised ex-ante estimates of savings in 2010 were
released for selected sectors:

“* These are an 8% reduction for most, except Hungary and Poland which have reduction targets of 6%. Cyprus and Malta do not have Kyoto
targets.

5 Decisions 2004/280/EC and the Implementing Provisions 2005/166/EC

® CCPMs are policies and measures developed by the European Union that apply across Europe, as described in the 3rd National Communication
of the EU to the UNFCCC in November 2001. The ECCP is the main (but not only) source of CCPMs that have an impact on GHG emissions, so
that the EU-level directives and regulations included in the ECCP PAMs are a subset of those classified as CCPMs.

" Cyprus and Malta and EU 27 do not have targets under the Kyoto Protocol and as such they do not have applicable Kyoto Protocol base years.
Therefore 1990 data have been used for these two countries.

S EEA, (2008), Annual European Community greenhouse gas inventory 1990 - 2006 and inventory report 2008, EEA Report No. 6/2008.
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Table 2-1: EU ex-ante estimates in 2010 of GHG savings by sector

Sector Mt CO; eq.
Energy Supply 236-278
Transport 152-185
Energy Demand 214-259
F-gas Directives 21
Agriculture 31

Sources: Energy Demand: Second ECCP Progress Report, April 2003, All other sectors: ECCP
Il Working Group Final Reports (2005/6)

In addition to CCPMs implemented by or strengthened through MS policies, many Member States
have specific national policies and measures in place, which are not directly related to the EU
initiatives. The linkage between the ECCP, between CCPMs and between national climate change
policies is illustrated in the figure below.

Figure 2-1 lllustration of the overlaps between climate change
policies at EU and national level

Figure 2-2 further illustrates that the role of EU policy with respect to
national policies and measures varies across Member States. We
can see, for example, that Member States largely attribute the
establishment of reinforcement of national policies on biofuels to the
— EU Directive on the Promotion of Biofuels while more than half of
fRio Brorecel the EU-15 MS had landfill policies in place before the introduction of
the Landfill Directive.

Monitoring
Mechanism

Figure 2-2 Member State implementation of CCPMs

k=]
x~ = =1 [P

2|518(2 28 82 |B|5|:|8

B2c e85 222§ E28 28y
CCPM Z o oo olEZLHeS
Energy Supply: Taxation of Energy Products 2003/96/EC R NBRIBEB BRBNRRSB
Cross cutting: Emissions trading 2003/87/EC N NRNNNNNRNNINNNINNR
Energy Supply: Promotion of electricity from resources 2001/77/EC NNBRRBRRNRRRIBN
Energy Supply: Promotion of cogeneration 2004/8/EC N'B BRBBRNNUBUBNIBN
Energy consumption: Directives on energy labelling of appliances N NBNHN-NN-NRNNRNINRINN
Transport Motorchallenge; voluntary EC programme B R N N N
Energy consumption: Energy performance of buildings 2002/191/EC NNBBNRRNNRRRNN
Energy consumption: Eca-management and audit scheme (EMAS) EC N NNNNNR B NNB
Energy consumption: Efiiciency of hot water boilers 92/42/EEC N N B N R B N B NNNN
Transport Transport modal shift to rail 20011 2/EC etc N RNUBB N N B N R N
Transport Promotion of biofuels for transport 2003/30/EC NNNNRRNNNNNNINRN
Transport Consumer information on cars 1999/94/EC N NR N N N N NNNN
Transport: Agreement with car manufacturers ACEA etc N N R R R B NN N R
Agriculture: Support under CAP (1782/2003) R B NN RNR N N N N N
Agriculture: Support under CAP - amendement (1782/2003) R B NN RNR N N R N N
Waste: Landfill Directive 1999/31/EC BB BRBBRNNUBNRIBN

N New National PAM implemented after CCPM was adopted

R Existing National PAM re-enforced by CCPM

B National PAM already in force before CCPM was adopted
Not reported

Source: EEA, (2007), GHG Trends and Projections
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2.2 Ex ante savings from ECCP

Whilst the focus of this study is clearly upon ex-post impacts® i.e. the impacts of policies and measures
to date, it is useful to consider the original ex-ante estimates of the project policy impacts. This
provides a useful benchmark to assess whether the policies are on track to deliver the anticipated
level of savings.

Two main sources of information are available on the projected ex-ante savings of the policies and
measures within the European Climate Change Programme: estimates by the European Commission
and estimates by Member States.

Error! Reference source not found. pr esents the European Coamteni ssi ond
savings. The savings are in general the result of expert judgements made by the working groups of

the European Climate Change Programme or consultants in 2002, based on expected uptake of

measures or reaching certain (indicative) targets as specified in the Directive and do not take account

of all of the detailed provisions of proposals or adopted measures.

Estimates made by Member States on the projected savings from climate change policies and
measures are captured within the ECCP database. This database compiles details of the policies and
measures as reported by Member States under the UNFCCC and is freely available on the internet™®.
The database covers the relevant sectors energy, industrial processes, agriculture, forestry, waste and
cross-cutting policies and provides detailed and complete information on Member States' actions on
climate change.

Table 2-3 summarises the ex-ante estimates of the projected savings from those CCPMs that are
projected to deliver the greatest savings by 2010. It includes estimates made by Member States, on
the basis of the data captured within the ECCP database. Whilst it is not the aim of this study to
examine differences in estimated savings between MS estimates and those provided by the European
Commission, it is clear from Error! Reference source not found. and Table 2-3 that there are large
variations between the estimates.

9 See Methodologies Report for a description of the relationship between ex-post savings and ex-ante projections.
10 http://www.oeko.de/service/pam/
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Table 2-2 European Commission ex-ante estimates of GHG impact of policies and measures

Emission reduction potential

I (in Mt CO2-eq.) Stage of implementation / timetable /
Cross-cutting in 2010 n the | in 2020 in the comments
EU-15 EU-27

In force. First phase (2005i 07). Second
phase (2008i 12). Planned third phase
EU Emission Trading Scheme N/A N/A (2013i 20). ETS cap will lead to a 21%
reduction in emissions in 2020 compared
to 2005 levels™.

Revision of the monitoring mechanism N/A N/A In force
L|n|_< K_yoto fle_X|bIe mechanisms to N/A N/A In force
emission trading
Energy supply

(Pzr(())&(;tlon of electricity from RES-E 100-125%2 In force.
(New) Renewable energy Directive 600-900" In force.
CCS Directive N/A 0.875™ In force.
Directive on promotion of cogeneration 65" In force

Biomass Action Plan, Dec 2005, over 20
Further measures on renewable heat 16 further actions planned. Renewable heat
) ; . . 36-48 . : . )
(including biomass action plan) included in proposed new Directive on
renewable energy

Intelligent Energy for Europe: Programme for policy support in

programme for renewable N/A
energy renewable energy
Amendments to a number of directives™
Developing the internal energy market 80-120% to continue to help complete the internal

energy market.

Energy demand

Directive on the energy performance of 35454 In force
buildings Monitoring and review
tI?ir_:adc‘tive c()n thet)energy performance of 190-290 Currertltlél i(n sgcond rbeadzir(l)gc]J;9 agreement
uildings (recas expected for December .
Directive requiring energy labelling of
domestic appliances
. Existing labels
e New (el. ovens &AC) ™ . _ .
. d revisi N/A In force: n_10n|tor|ng ano! review
*  Envisaged revisions Consultation on amending Directive held
((efrlgerators | freezers / in 2008.
dishwashers) 10"
e Planned new (hot water 15
heaters)
Extension of scope of Directive
Framework Directive on eco-efficiency 200 In force; preparatory studies for daughter
requirements of energy-using products directives underway;
Directive on energy end use efficiency 20 In force.
92 National Energy Efficiency Action Plans

and energy services

adopted in all EU-27.

™ This amounts to an approximate reduction of over 0.4 GtCO, based on verified emissions in 2005 (First Phase). Note the actual reduction will be
larger as the scope of the scheme has been expanded in subsequent Phases. The reductions from the EU ETS should not be double counted with
other policies, which may also affect the participants either directly or indirectly.

2 second ECCP progress report April 2003 http://ec.europa.eu/environment/climat/pdf/second_eccp_report.pdf

'3 Directive on the promotion of energy from renewable sources, Citizens' Summary, 23 January 2008

4 EUROPEAN PARLIAMENT, CCS, text adopted at the sitting of 17 DEC 2008 (P6_TA-PROV(2008)12-17). The original figure refers to a
cumulative estimate of 7 Mt CO, -eq by 2020. Assuming that the effect starts in 2012 when the Directive is expected to enter into force, we
calculated the annual saving by dividing the 2020 saving by 8 years.

1 Proposal for a Directive of the European Parliament and of the Council on the promotion of cogeneration based on a useful heat demand in the
internal energy market )

* COM (2005) 628 final '‘Biomass Action Plan, December 2005

" Decision No 1229/2003/EC, Regulation (EC) No 807/2004, Directive 2003/54/EC & 2003/55/EC, Regulation (EC) No 1228/2003

'8 Energy performance of buildings i impact assessment on the revised directive SEC(2008) 2864

o Proposal for a directive on Eco design of EuP, COM (2003) 453 final

% proposal for a Directive of the European Parliament and of the Council on End-Use Energy Efficiency and Energy Services, COM(2003) 739
final

6 AEA


http://europa.eu.int/comm/environment/climat/pdf/second_eccp_report.pdf

ENV.C.1/SER/2007/0019

Restricted - Commercial
AEA/EDO05611/Final Report

Cross-cutting

Emission reduction potential
(in Mt CO»-eq.)

Stage of implementation / timetable /

in 2010 in the | in 2020 in the comments
EU-15 EU-27
Action Plan on Enerav efficiency as a Launched Oct 2006%. Identifies 10 priority
follow-un to the Greegr): Paper y N/A actions to achieve up to 20% energy
p P savings by 2020.
Action under the directive on integrated Reference document on Best Available
pollution prevention and control (IPPC) Not known Techniques regarding Energy Efficiency
on energy efficiency now finalised and will be adopted in 2008.
Intelligent Energy for Europe . .
programme for energy N/A Programme for policy support in energy
efficiency efficiency
Public awareness campaign on energy N/A Supporting program as part of Intelligent
efficiency Energy for Europe: In implementation
Programme for voluntary action on 304 Supporting programme for voluntary
motors (Motor Challenge) action on efficient motor systems
EU Handbook developed for guidance for
Public procurement 25-40" increased energy efficient public
procurement
Transport
S 2 First implemented in 1998. Revisions
Fuel quality Directive 62.5 adopted in December 2008
Directive on the promotion of transport 14
bio-fuels 35-40 In force
Voluntary agreements with European, 14
Japanese and Korean car manufacturers. 75-80 Implemented
Strategy for Car CO, 50% Adopted
Infre_lstructure c_harglng for heavy goods N/A Adopted
(revised Eurovignette)
Shifting the balance of transport modes N/A Package of measures in implementation
In force
Fuel taxation N/A Focus on EU harmonisation of taxation,
not on CO, reduction; ongoing review
Directive on mobile air conditioning iieﬂ{;%?-?rlz;?; In force
systems: HFCs gases
. T 24 Adopted. Will include all flights from
Inclusion of Aviation in EU ETS 183 1/01/2012
Public procurement of vehicles 1.9%
Industry
Regulation on fluorinated gases 23% In force
14 In force
IPPC & non-CO; gases 60-70 In 2008 the Directive was codified.
Waste
Landfill Directive 41" In force
Adopted.
Waste Framework Directive Launched December 2005, including a
revision of the original waste Directive of
1975, revised in 2008.
Directives on waste electrical and 357 In force. Revised directive in 2008

electronic equipment (WEEE)

Research and development

2 COM(2006)545 1 final 'Action Plan for Energy Efficiency: Realising the Potential'
22 Estimate based savings of 1% of baseline transport emissions in 2020 from
http://ec.europa.eu/environment/climat/pdf/climat_action/analysis_appendix.pdf

% Questions and answers on the EU strategy to reduce CO, emissions from cars, MEMO/07/46. The original figure refers to a cumulative estimate

of 400 MtCO2eq by 2020. Assuming that the effect starts in 2012 when the decision is expected to enter into force, we calculated the annual

saving by dividing the 2020 saving by 8 years.

2 Inclusion of Aviation in the EU Greenhouse Gas Emissions Trading Scheme (EU ETS), Summary of the Impact Assessment, SEC(2006) 1685

% Directive on the promotion of clean and energy efficient road transport vehicles, 2005/0283 (COD)
% Regulation proposal on certain fluorinated greenhouse gases, COM (2003) 492 final
%" Thematic Strategy on Waste Prevention, COM (2005) 666 and 667 (final)

% yalue in 2011 - Directive on waste electrical and electronic equipment (WEEE), (recast) Impact Assessment, {COM(2008) 810}, {SEC(2008)

2933}

AEA



http://ec.europa.eu/environment/climat/pdf/climat_action/analysis_appendix.pdf

ENV.C.1/SER/2007/0019

Restricted - Commercial
AEA/EDO05611/Final Report

Cross-cutting

Emission reduction potential
(in Mt CO»-eq.)

in 2010 in the
EU-15

in 2020 in the
EU-27

Stage of implementation / timetable /
comments

R&D Framework Programmes

N/A

In force. Under the 7" Framework
programme (FP7), which runs from 2007
to 2013, a budget of EUR 53.2 billion will
be allocated over the entire period. Over
2.3 billion to energy related R&D
activities™.

Competitiveness and Innovation
Framework Programme (CIP)

CIP runs from 2007 to 2013 with a total
budget of EUR 3.6 billion. The CIP is
divided in three operational programmes
two of which are related to energy and
climate change™.

Structural and cohesion funds

Integration climate change in structural
funds & cohesion funds

N/A

N/A

The Community Strategic Guidelines
highlight investments to promote Kyoto
commitments, including renewable
energy, energy efficiency and sustainable
transport systems as eligible areas for
support. About EUR 48 billion are planned
to co-finance projects on climate change
in the 20071 2013 Cohesion Palicy.

Agriculture

CAP health check (2003 reform)
e  Rural development policies
e  Market policies

60-70%
1233

Adopted. In 2008 the EU Commission
decided to move to new changes to the
CAP.

Rural development policy

N/A

Rural development policy for 20071 13

focus on:

. Improving competitiveness

. Improving the environment

. Improving quality of life and
encourage diversification of the rural
economy.

Support scheme for energy crops

N/A

In force, to be abolished as from 2010

N,O from soils

1014

Improved implementation of the nitrates
Directive

Proposed soil Directive

N/A

N/A

The European Climate Change
Programme (ECCP) Working Group on
Sinks Related to Agricultural Soils
estimated this potential at equivalent to
1.5 to 1.7% of the EU's anthropogenic
CO; emissions during the first
commitment period under the Kyoto
Protocol®

Forests

EU Forest Action Plan

N/A

N/A

Adopted. The Forest Action Plan
presented in June 2006 builds on the
EU's Forestry Strategy adopted in 1998.

Afforestation and reforestation:
. Afforestation programmes
e  Natural forest expansion

141

Possibility for support through forestry
scheme of rural development

Forest management (various measures)

Possibility for support through forestry
scheme of rural development, dependent
on national implementation.

% Eyropean Commission Cordis, http://cordis.europa.euffp7/energy/home_en.html

30

Competitiveness and Innovation Framework Programme, http://ec.europa.eu/cip/docs/factsheets_en.pdf
L From ECCP working group on agriculture and sub-group on carbon sinks related to agricultural soils. Some of potential for bioenergy crops will

be covered within potential from biofuels, cogeneration from biomass, further promotion of RES-H etc.
32 Thematic Strategy for Soil Protection, COM(2006)231

AEA




ENV.C.1/SER/2007/0019 Restricted - Commercial
AEA/EDO05611/Final Report

Table 2-3 Me mb er St -arteeestiinatesxof GHG impact of policies and measures

Estimate includes savings from the MS estimated savings in MtCO2
CCPM following Member States equivalents)
2005 ? 2010 ? 2005 2010
AT, BG, CZ, ES, FR,
RES-E Directive GR, LU, LT, NL, SE |GR, HU, IE, IT, LT, LU, 6 61.8
LV, NL, PT, SI, UK
AT, CZ, DE, ES, FI,
EU ETS DK, ES, FI, LU, NL, SE|FR, IE, IT, LU, NL, SI, 10 107.5
SK, UK
Kyoto Protocol project None AL, FI 0 1
mechanisms
Energy performance of CZ, DE, FR, HU, IT,
buildings LUX, NL LV, PT, SI, UK 0 28.2
. . CZ, DE, GR, HU, IE,
Promotion of cogeneration GR, LT LT PT.SI, 1 15
Voluntary agreements with NL DE, FR, GR, IE, IT, 0.2 28.6
car manufacturers PT, UK
N CZ, DK, EE, FI, GR,
Landfill Directive CZ, ES, NL, SK IE, IT, LT, PT, SI. SK 3 7.3
. . AT, DE, GR, IE, IT, LT,
Biofuels Directive ES, GR, LT LU. PT, SI, SK, UK 0.5 32.1
IPPC ES IT, LT, NL, SI 2.7 5.6
Energy Labelling Directive NL GR, IT, NL, SI, UK 0.3 43
F-gas regulation (Reg No
842/2006) NL FI, IE, NL, SE, SK 0.5 15
Nitrates Directive HU, NL NL, SK 0.4 0.9
Common rules for direct
support schemes under
CAP (Regulation (EC) No NL BG, IE, NL 01 29
1782/2003)

Source: Member State estimates published in the ECCP database (extract March 2009). For EC estimates see
Table 2-1.

One observation from the table is that for all CCPMs, EU estimates of 2010 emission reduction
potentials for the EU-15 are significantly higher than the total impacts estimated by Member States as
part of their national reporting. This may be explained by the fact that estimated policy impacts are
only provided by a limited number of Member States. The ECCP database should therefore be
considered a partially representation of the full ex-ante impacts.

This finding also reinforces the need for the European Commission to provide their own estimates of
the impacts of the European Climate Change Programme i since reliance upon Member State
estimates will not provide a complete coverage.

2.3 Other policy drivers

It is important to recognise that the policies and measures that are covered by the European Climate
Change Programme are also influenced by a range of other policy objectives i.e. climate change
mitigation is unlikely to be the only driver. Indeed for certain policies climate change mitigation is not
the primary driver, with other policy drivers more important.

For example, the primary focus of the Nitrates Directive is the protection of water bodies from nutrient
loading, with any reductions of N,O emissions from soil a secondary benefit. Likewise the 2003 CAP
Reforms include a wide range of economic, social and environmental objectives, of which the
mitigation of GHG emissions is just one component.

AEA 9



ENV.C.1/SER/2007/0019 Restricted - Commercial
AEA/EDO05611/Final Report

A number of climate policies will also have an important influence upon other environmental
objectives. Of particular note is the interrelationship between air quality and climate change objectives
where there is a large potential for synergistic effects. Consequently, policies are frequently appraised
to reflect the impacts on these duel-objectives®.

Furthermore, certain broader energy objectives influence policies relating to the energy supply and
energy demand sectors. For example, energy efficiency policies and policies to promote indigenous
energy supplies are important to deliver energy security objectives. Likewise certain social objectives,
such as fuel poverty, are important in some member states.

On this basis it is important to recognise that the design, implementation and operation of ECCP
policies and measures are done so as to optimise a range of welfare benefits. Therefore, the focus of
this report on GHG abatement represents just a sub-set of the total impacts.

3 For example, the NEC-Directive Review has considered the cost-effectiveness of the abatement techniques including both air quality (SO2,
NOx, PM) and greenhouse gas pollutants (CO2 etc).
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3 Approach

This section illustrates the overall approach that has been followed during the study. It provides a
synthesis of the initial scoping and review phases of project, describing the selection of policies to be
considered in detail and the selection of Member States as case studies. It also provides a brief review
of Member States experience in the ex-post evaluation of climate change mitigation policies. A short
description is also provided of the methodology development and implementation stages of the
project, and also the capacity building activities.

The Methodologies Report, which accompanies this report, provides further details on the
methodological framework and tiered approach that has been developed during this study. This
includes technical guidelines that explain the methodologies that have been used to evaluate each of
the policies and measures that we have considered in detail.

3.1 Work programme

The programme of work comprised a number of inter-linked activities that can be broadly described in
terms of six sequential phases. These are:

Phase 1: Inception and scoping

Phase 2: Data collection and review

Phase 3: Methodology development

Phase 4: Methodology implementation

Phase 5: Results generation, reporting and development of recommendations
Phase 6: Capacity building

Each of these phases is described in more detail below.

3.2 Inception and scoping phase

This initial phase was concerned with scoping out the detailed programme of work. Following an initial
review of the scope and scale of policies within the ECCP, and of Member States experience in the
ex-post evaluation of climate change policies and measures (PAMSs), two key decisions were made
during the scoping phase. These were:

1. the selection of policies to be consider in detail during the project
2. the selection of Member States to use as case studies.

3.21 Selection of policies for detailed consideration

It was necessary to select a number of policies under ECCP that could be used as case studies to test
the ex-post evaluation methodologies. The following policies were short-listed, in agreement with the
project steering group34, S0 as to largely cover all sectors:

Transport sector
e Voluntary agreement with car manufacturers to reduce CO2 emissions (ACEA, KAMA, JAMA)
e Biofuels Directive (Dir 2003/30/EC)

Energy sector and Industry
e RES-E Electricity production from renewable energy sources (Dir 2001/77/EC)
e Promotion of cogeneration (Dir 2004/8/EC)
e |arge combustion plant Directive (Dir 88/609/EEC)
e EU Emissions trading scheme (Dir 2003/87/EC) (including the linking Directive)

3 The project steering group was composed of members of Unit C.1. of DG Environment of the European Commission.
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e Integrated pollution prevention and control (IPPC) (Dir 96/61/EC)
e Regulation (EC) No 842/2006 on certain fluorinated greenhouse gases

Households and Service Sector
e Energy performance of buildings (Dir 2002/91/EC)

e Energy labelling of household appliances (Dir 2003/66/EC, 2002/40/EC, 2002/31/EC, 99/9/EC,
98/11/EC, 96/89/EC, 96/60/EC)

Waste
e Landfill Directive (Dir 1999/31/EC)
e Waste incineration Directive (Dir 2000/76/EC)

Agriculture
e Common rules for direct support schemes under CAP (Regulation (EC) No 1782/2003)
e Nitrates Directive (Dir 91/676/EEC)

Cross-cutting
e End-use efficiency and energy services (Dir 2006/32/EC)

The rationale for the selection of the policies is as follows:
e GHG emission savings potential: the selected policies account for more than three quarters
of the potential savings that can be attributed to CCPMs.

e Sectoral coverage: the policies are chosen from the sectors estimated to have the largest
impact upon emissions of greenhouse gas in 2005 and 2010. The policies therefore cover all
of the key sectors®.

e Temporal coverage: there is a mix of older and newer policies, e.g. the Landfill and Biofuels
directives, respectively.

e Geographic coverage: there is a good spread of Member States that have estimated savings
from these policies.

Subsequently, the Directive on end-use efficiency and energy services was removed from the list on
the grounds that a large programme of work (EMEEES) had been set up specifically to develop
methodologies to evaluate energy savings under this directive®. Therefore, whilst the methodologies
developed during this parallel programme were considered within our study, it was considered
important not to duplicate effort. The Large Combustion Plant Directive was also removed from the
short list later in the study to allow more resources to be focused on the other policies.

3.2.2 Selection of case study Member States

Given the large scope of the study in terms of sectors and policies it was not be possible to evaluate
the impacts for each of t he Europaé.anstead,]médemaﬁ:ed
evaluation of the short-listed ECCP policies and measures was undertaken for a representative
sample of Member States.

The criteria used to ensure that the selected Member States were representative of the whole EU
were:

e Emission levels

Geographic area

Economic situation

Level of implementation of ECCP policies
Population

% The only exception is the Forestry sector

% http://www.evaluate-energy-savings.eu/emeees/en/evaluation_tools/index.html

3 The exception is the analysis that it performed using the PRIMES model, where analysis was possible for each of the EU 27 Member States.
For some policies, where data were readily available, nevertheless EU27 and EU15 figures were provided. In other cases impacts were scaled
from a sample of countries covering a large share of the impacts to the whole set of European countries.
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In addition, we included the following screening criteria:

e Projected GHG impacts in 2005 (to ensure that the largest impacts overall are captured)
e Existing ex-post evaluations (to enable comparison with modelled estimates)

Collectively, these criteria reflect the significance of the emissions/savings, and to some extent also
the key socio-economic drivers of emissions. In addition, the inclusion of the screening criteria helped
to ensure that sufficient information would be available from the selected Member States to model the
impacts of the individual policies and measures, and that the most significant impacts to date were
considered.

Applying these criteria, the following Member States were selected for in-depth evaluation of the GHG
impacts of PAMs;

e Germany, France, Spain, Italy and the United Kingdom i on the basis of their high overall
emissions, and high projected savings from implemented policies.

e Denmark, Austria and the Netherlands T since they have each undertaken an ex-post
evaluation of their existing GHG policies and measures*®

e Poland, Czech Republic and Romania i since these represent the most significant of the
non-EU 15 Member States in terms of absolute emissions.

The final choice of Member States was discussed and agreed with the project steering group. It was
also agreed that in the event that the Member States and the ECCP PAMs chosen for the detailed
analysis do not match well, it would be necessary to look at other Member States with better data
available for the particular ECCP PAM in question.

3.3 Review phase

The review phase of the study was designed to inform the subsequent stages of the study in two
ways. Firstly, the review assessed-pddeavduation. This
ensured that the methodologies that are employed are consistent, as far as possible, with existing
activities, and applicable to all of the Member States. Secondly, the ex-post evaluation methods
developed by Member States or other institutes were reviewed and evaluated to inform the
approaches developed within the study, and to record the alternative estimates for comparison
purposes.

The following sections describe in more detail the approach, methods used during this analysis and
the results obtained.

331 Data collection

The data collection involved two main activities. The first was a desk-based review of existing
literature. This included published peer-reviewed papers and also the grey literature. In addition,
evaluations undertaken directly by ministries within Member States, or other independent international
organisations, were also reviewed. The literature reviewed was supported by direct consultation with
Member States. Initially a questionnaire was disseminated by e-mail, which was then followed up with
selected Member States by phone interviews.

The following data and subjects where investigated:
e | evel of capacity within MS in the evaluation of GHG PAMs
e Existing evidence on the ex-post impact of GHG PAMs
e Methodologies available for the ex-post evaluation of GHG PAMs

Member States capacity in ex-post evaluation

Drawing upon the evidence collected as part of the initial discussion with Member States, and the
review of published documentation, it is possible to draw a number of broad conclusions with respect

¥ the United Kingdom also meet this criteria
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to the level of capacity within Member States for performing ex-post evaluations of PAMs. These are
summarised below.

We note that these conclusions are based upon the review phase of the project, which was carried out
early in the work programme, so some of the Member States specific conclusions may not necessarily
reflect the current levels of experience/capacity™.

It is also important, to distinguish the experience in ex-post impact analysis from the experience in ex-
ante analysis: Member States may have developed more frequently ex-ante analysis capacities than
ex-post analysis capacities.

General conclusions

There is a large variation in the level of experience between the different Member States. In broad
terms the EU15 Member States tended to have more experience in ex-post evaluations and more
often have formalised monitoring and evaluation systems in place than the EU12 Member States,
although not in all cases. One of the reasons that was put forward to explain this is the fact that a
number of the new Member States expect to meet their Kyoto target without the need for additional
policies or measures. Therefore, they are less concerned with the effectiveness of their climate
change polices than those countries that are further from their Kyoto targets.

Although evidence is limited, where ex-post evaluations have been performed they appear to have
been led by the ministries responsible for individual sectors and policies rather than prescribed
centrally. In some cases, evaluations have been performed in accordance with general guidelines.
Responsibility for the monitoring and evaluation of climate change policies, where it exists, is often
spread across a wide range of government ministries depending on the sector and policy concerned.
This also applies to the generation of statistical data.

In terms of monitoring data, several Member States reference the data provided to the European
Commission as part of the progress reporting requirements of Directives as the best source of data.
This implies that data is most abundant where there is an explicit requirement e.g. to comply with the
Directive.

From a sectoral perspective, experience in ex-post evaluation appears to be greatest for the energy
demand sector and for renewables. The future requirements of the Energy Service Directive were
cited as providing a stimulus for Member States to evaluate the impacts of their policies addressing
energy consumption. Likewise, the regular review of the impacts of renewables as required by the
RES-E Directive has triggered an intensive data collection for different types of renewables.

A number of countries cited statistical data, which could potentially be related to policies and is likely
to be available for most Member States. For example, the registry of allocated emission allowances
and annual verified emission reports under the EU ETS Directive, emissions inventories, energy
balance statistics, reporting under EU ETS, UNFCCC, Monitoring Mechanism Decision etc.

3 For example, we are aware that Ireland is currently implementing a programme of ex-post evaluation.
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Member State specific findings

Member States could be broadly classified into three groups: those that had well developed capacity
and expertise in ex-post evaluation (for example, had undertaken ex-post impacts of their climate
change strategy); those that had some expertise in ex-post evaluation but in a more ad-hoc way (for
example, had experience in evaluating a few individual policies); and those with limited or no
experience in ex-post evaluation of climate change policies.

In the first group were Denmark, the UK, the Netherlands, Austria and Germany. All of these countries
had carried out relatively comprehensive ex-post evaluations of their climate change policies. The
Czech Republic was also in the process of beginning a comprehensive ex-post evaluation of their
climate package at the time of carrying out this review, and more recently Ireland has begun a similar
evaluation exercise.

A number of Member States had carried out bespoke ex-post evaluations for an individual policy or
collection of policies, but on a much smaller scale to the group above. Finland (energy efficiency),
Sweden, Spain, Slovenia, Hungary (energy efficiency policies between 2000 and 2004), Slovakia,
Ireland (demand management programme), Italy, Poland (Renewables policy between 2000 and
2004) fall into this grouping.

More qualitative evaluations have been carried out by Bulgaria, Slovenia and Spain (also
gquantitatively for some policies). Slovenia and Spain report the use of expert groups to evaluate
policies.

Other countries, such as France, were known to have undertaken some ex-post studies, but details
were not readily available. The above findings should therefore be considered partial, and may not
capture the full extent of evaluation activities i particularly where the evaluation results have not been
published.

Existing evidence on the ex-post impact of climate change policies and measures

Certain Member States have carried out cross-sectoral ex-post evaluations of their national climate
change programmes or strategies. As part of the review phase a comparison was made between the
methodologies, data and results used within these studies. The comparison focussed upon the
evaluations that have been performed of the national climate change strategies in Austria, Denmark,
the Netherlands and the United Kingdom. Further details on the methods and results from these
evaluations were presented in the Background Report for this study, and are not repeated here.

The analysis highlighted that the methodological basis for assessing of climate change policies is
often very different from one evaluation to another. For example, Austria breaks some of its savings
results into sub-sectoral groups, such as into savings made by policies governing different renewable
technologies (hydropower, biomass, wind). Others, such as the UK and the Netherlands, report
savings calculated for individual policies, but not necessarily by technology. In some cases the
savings are apportioned to the source sector e.g. energy generation sector, and in other cases the
savings are allocated to the end use sector e.g. households.

These differences make direct comparisons difficult and require care in drawing firm conclusions
between different ex-post evaluation results. On the basis of the data collected and the analysis
performed the following conclusions were drawn:

e EXxisting evaluations have tended to focus upon national policies and measures rather than
policies under the European Climate Change Programme. Whilst it is possible to determine the
impacts of some ECCP PAMs e.g. the voluntary agreement for passenger cars, for other policies it
will be more difficult to disentangle the impacts from the existing national policy packages.

e The analysis suggests that the impacts of the existing national policies are significant. It is
therefore important than any methodologies are able to distinguish the impacts that result from the
national policies from those that result from the ECCP measures. An assumption that the ECCP is
the only polices driver would lead to an overestimate of the actual policy impact of the ECCP
measure. On the other hand it is clear that there are also many cases were ECCP measures and
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national measures are intimately interlinked. In these cases a separation process may be
arbitrary, and where attempted the assumptions used must be transparent.

e Where cost effectiveness analysis has been performed as a part of the evaluation process, the
analytical basis varies between evaluations. This can lead to a large variation in the reported
impacts, and reduce the comparability of the results.

e Of particular note is the sensitivity of results to the inclusion of external costs in the valuation. In
some cases, the external costs may be significant, and lead to a switching of the policy from
delivering a net social cost for each t CO,e saved to providing a net social benefit. This can have a
large influence upon the ranking of the options.

3.3.2 Review of methods

The background analysis, and the review of existing evaluations, highlighted that a variety of methods
are available for the ex-post evaluation of policies under the ECCP. These can be broadly categorised
into three main types of approach:

U The use of top-down methods that generally use macro-level statistical data in order to
evaluate the impacts of the measures.

U Bottom-up methods which allow more detailed modelling of the impacts of policies and
measures by parametrising the measure impacts, i.e. by determining what kind of technology
or behaviour is influenced by the measure and in which way.

U Integrated methods combine elements from both top-down and bottom-up methods

The full spectrum of methods, however, is much broader depending on the degree of detail available
for the data. For example, Nilsson et al (2007), Nilsson et al (2008) and Eichhammer (2008),
summarising the results from the EMEEES™ project, identified 9 separate methodologies, classified
into four separate types - two top-down and two bottom-up approaches.

The background analysis focused on the strengths and weaknesses of each of the available
approaches and on its applicability to different constraints and policy evaluation goals of this study. A
more detailed description of the methodologies that were identified during the review phase, and their
applicability to this study is provided in the Methodologies Report.

Overall the review of methods drew the following conclusions:

There is no single approved methodology for the ex-post evaluation of climate change polices and
measures PAMs, or for environmental policy evaluation generally. A number of methodologies can be
used, and have been used, in the evaluation of climate change policies and measures. These can be
broadly categorised into top-down, bottom up and combined (or integrated) methods.

The suitability of a particular methodology is a function of a wide range of inter-related factors, and
these factors will change from one evaluation to the next. The most important factors are typically the
overall scope and resolution of the evaluation, and the availability of resources to perform the
evaluation. Other important considerations include:

The amount of and resolution of the data available;

The number of competing policy instruments;

The coverage of sectors required,;

The coverage of counties required;

The number of actors influenced by the policy;

The level of expertise required to perform the evaluation;

“0 http://www.evaluate-energy-savings.eu/emeees/en/home/index.php
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e The type of policy instrument.

Where the evaluation is required to consider a technology based policy, in a sector with a number of
competing policy instruments, then it might be most appropriate to collect detailed bottom up data on
installed measures to evaluate the policy impacts. This has been the approach taken with the
evaluation of certain energy efficiency policies and measures in the Netherlands and the United
Kingdom.

However, where the evaluation is required to estimate the impacts across a range of sectors, with
variable levels of policy data then a top-down approach might be the most efficient method of
determining the initial policy impacts. This was the approach used by Austria in the evaluation of its
National Climate Strategy - although it was supported by a series of bottom-up sector specific
evaluations. In practice most methods involve both top-down and bottom-up elements, at the very
least to calibrate the results, or provide a consistency check on the findings. Combining top-down with
bottom-up evaluation in a consistent manner, remains, however, a very challenging task.

Selecting the preferred method will inevitably involve making trade offs. Amongst other things, this will
include the cost of performing the evaluation, and the accuracy of the results. A further trade off may
be between the consistency of the methods (e.g. between Member States) and the extent to which the
methods can consider detailed issues (e.g. local markets, or local geographical and climatic
conditions).

The selection of the methodology is important, as it will influence the overall results. A number of
different outcomes can be obtained depending on the choice of method and reference situation. It is
therefore important that the methodology employed and key underlying assumptions are clearly
specified.

Within each of the methodologies the selection of the key underlying assumptions are important. This
may also vary according to the sector to which the methodology is applied. For example, for policies
targeting electricity generation, the choice of the reference generation mix is a key methodological
decision. For certain policies this reference factor is embedded in the quantification methodologies.
Whilst this will ensure that the methodology for the ex-ante and ex-post is consistent and also ensure
consistency across Member States, it will not necessarily be consistent with the actual emissions from
the sector.

3.3.3 Evaluation of methodologies

A series of criteria were drawn up to evaluate the strengths and weakness of the available
approaches, to inform the selection of the methods to be developed further during this study. The
evaluation was carried out at a high level since the applicability and effectiveness of a particular
method to one policy may differ to that of another policy. The emphasis was therefore upon the high
level framework. The evaluation criteria were:

e Applicability - The methodology or methodologies should be applicable to the ex-post
evaluation of different policy instruments, different sectors and across all Member States.

e Consistency - The methods should make use of existing national and international data
sources and data collection frameworks. In particular, the methods should be consistent with
National Inventories and Registries“. It will also be important to take into account any on-
going or proposed data collection activities e.g. the requirements of the Energy Services
Directive.

e Transparency i The methods should be transparent and simple, i.e. policy makers should be
able to work out for themselves how the impacts are determined. This will include a clear

“ The requirement of consistency with national inventories may have a very important implication for some policies: e.g. for biofuels, analysis
based on the life cycle or the investigation of indirect land-use change is not consistent with the way in which the inventories have been designed
which have the territorial principle as a main guiding element. Nevertheless, such issues may have an important impact on the appreciation of a
policy and cannot be neglected in a policy analysis, similar to policies that may have a beneficial impact on climate change (e.g. shifting cars to
Diesel fuel) but a negative impact on health (particle emissions from Diesel cars). The linkage of the methodologies with national inventories is
discussed more fully later in this report.
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disaggregation of the policy impacts upon emissions, from the impacts of other socio-
economic variables. Nevertheless, the requirement of simplicity need to be distinguished from
the notion of simplistic, given the complexity of policy interaction for some policies, e.g. the EU
Emission Trading Scheme.

e Robustness i The methods should be based upon robust principles, with uncertainties
clearly identified and a far as possible quantified.

e Policy relevant i The methods should be able to explain the impact of EU climate change
policies at the national and/or sectoral level. It will also be important to understand the impact
of ECCP PAMs as opposed to other national policies.

e Complexity T The methods should be sufficient develop to ensure a robust quantification of
the GHG whilst not being too complex. The methods should not require a large amount of new
data or expertise. However, it must be emphasised that for some policies, some sectors and in
a variety of Member States data collection is clearly underdeveloped.

e Flexibility T The methods should be sufficient flexible to deal with variable data quality and
also be able to be adjusted to reflect updated assumptions.

Building upon the review of the strengths and weaknesses of the respective methodologies the team
concluded that an integrated approach (combining elements of both top-down and bottom up
methods) is the most appropriate methodology for the ex-post evaluation of the EU climate
change policies. However, as described above, the extent to which a given methodology can actually
be applied is largely determine by factors such as the availability and resolution of data, which may
vary from one policy to the next. A key consideration was therefore what is achievable within this study
(given the current constraints on data) and what are the recommendations for future monitoring to
enable improved evaluation of policies in the future.

3.4 Methodology Development

On the basis of the results of the preparatory work, a basic methodological framework was developed
for application within the study. The framework was designed to take advantage of the respective
strengths of the top-down and bottom up methods, and to provide the flexibility to deal with differing
amounts and resolution of data across the policies and sectors considered. It was also designed to be
pragmatic, since it had to enable a first estimate of the GHG impacts of the policies and measures
within the timescales and resources available to the study.

The initial framework was presented and discussed with stakeholders from the EU Commission and
member states on February 26", 2008, during a workshop held in Brussels, Belgium. Feedback was
solicited and gathered on the general framework and on evaluation issues and options associated with
individual policies.

The inputs obtained during the preparatory work and the workshop led to the development of a series
of policy specific guidelines. In essence these guidelines described how the methodological framework
could be applied to the individual policies and measures. Alongside the policy specific guidelines a
more general guidance document was prepared on the main methodological issues associated with
ex-post evaluation.

Initial drafts of the guidelines were circulated to stakeholders, who were invited to review and validate
the proposed methods and to refine the guidelines. A number of questions, comments and proposals
were put forward by stakeholders. This feedback was very valuable and led to the modification and
improvement of some of the methodologies, for example, by characterising better the data constraints
and uncertainties and improving the clarity of the guidelines.

The draft guidelines were then implemented to provide a first quantitative estimate of the impacts of

the selected policies in the case study Member States. This followed an iterative process, whereby the
implementation of the guidelines provided further insight on the applicability, strengths and
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weaknesses of the proposed methodology, which in turn lead to further revisions of guidelines and
associated quantification methods.

The policy specific guidelines, and the more general guidance on ex-post evaluation, can be found in
the Methodologies Report.

3.4.1 Overall approach: Three tiers of growing detail and complexity

An important factor that emerged during the background analysis and the workshop is that resource
constraints are an important consideration when developing suitable methodologies for ex-post policy
evaluation. Methods may become increasingly complex and resource demanding with
disproportionate increases in the quality of estimates. Furthermore, the availability and quality of data
can vary from one Member State to the next, from policy to policy, and between sectors.

The methodological approach also needed to reflect that Member States had varying levels of
experience and expertise in policy evaluation. At the same, Member States did not want to be
restricted to a specific methodology which may either be too complex (so require a large amount of
resources) or too simplistic so did not adequately convey the complexity of the policy in the given
Member States (e.g. where National policies supported to EU policy).

Taking these considerations into account, we concluded that an integrated approach (tiered approach,
combining elements of both top-down and bottom up methods) if applied in a flexible manner, is the
most appropriate methodology for the ex post evaluation of EU Climate Change policies within this
study.

The approach borrows from the principles presented in the IPCC Guidelines for National GHG
inventories*’, and employs a methodology that is based on three tiers of growing detail and
complexity. In general the data intensity, resolution of analysis, and accuracy of the estimate
increases going from Tier 1 to Tier 2 to Tier 3.

Ideally, all of the policies would be evaluated using the most detailed (Tier 3) approach, since this
would provide the most comprehensive understanding of the policy impacts. However, in developing
the guidance we have been conscious that resources are not always available to perform detailed
analysis, so we have sought to develop a flexible approach that allows the adoption of a basic
approach (Tier 1 or Tier 2) where data or resources are scarce. Indeed one of the wider aims of the
study has been to investigate how accurately the policy impacts can be quantified using existing top
down statistics (as part of a Tier 1 or Tier 2), without the need for further data collection.

Figure 3-1 The 3-tiered approach to ex-post evaluation
Based upon widely available aggregate statistical data
— which are updated on an annual basis
Tier 1 Reflects EU average conditions e.g. EU wide default

emission factors
No disaggregation between National and EU policies, and

other effects

Based upon aggregate statistics with a greater level of
e — resolution of the activity data (where available)
m Reflects country specific conditions e.g. national emission

factor for electricity production

Some examination of correction factors, e.g. autonomous
development

Detailed assessment of policy interactions

e — Development of bespoke models or redevelopment of
existing models
Collection and analysis of additional data

Aims to tackle complex methodological issues

42 IPCC guidelines for National GHG Inventories, (2006), http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
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The Tier 1 approach represents a high level assessment of the policy impacts. For most policies it
represents a top-down indicator based approach, drawing upon existing EU wide statistics. This
means that the methods can be easily repeated without additional data collection. It can therefore
provide a rapid estimate of GHG emission changes, utilising a limited number of easy to find input
variables. It applies a number of simplifying assumptions to ease comparison between countries and
policies, and consequently, may not reflect the full complexity of the policy in question. Therefore, the
ability of the Tier 1 approach to quantify policy impacts (as opposed to simply assessing changes in
the variables that are targeted by a policy) will depend upon the policy under evaluation. A Tier 1
assessment is therefore best suited for situations in which time and resources available are limited,
and when the goal is to rapidly gain information on a specific target variable, but where a precise
estimate of the impacts specific policy is not required or not yet available.

In contrast, the Tier 3 approach involves a much more detailed assessment of the policy impacts,
using a much higher resolution of data (which is likely to require additional collection) and increasing
complexity in the methods. It enables the analysis of policy effectiveness to be undertaken in a more
comprehensive way, which may require the use of bespoke models and detailed bottom up data (on
e.g. the number and type of measures installed) that is not currently collected and collated by
statistical agencies. As far as possible the Tier 3 approach aims to consider all on the main
methodological issues, and isolate the impacts of the policy fully.

The Tier 2 approach provides an intermediate level of analysis. It aims to address some of the most
important methodological issues that are unresolved in the Tier 1 approach, but it is still largely reliant
upon existing established aggregate statistics. The extent to which the Tier 2 approach is able to
isolate the policy impacts is therefore strongly reliant upon the availability and resolution of the data.

As far as possible, an iterative approach has been used in the development of the methods. This has
meant that the results from the application of the Tier 3 approach have been used to improve the
guidelines for the Tier 1 and Tier 2 approach. For example, the additional data that was collected as
part of the Tier 3 approach has enabled a more robust estimate of the EU average conditions, for
application in the Tier 1 approach.

3.4.2 Development of guidelines

As indicated above, guidelines were developed for each of the policies and measures selected for
detailed consideration The structure of the guidelines followed the tiered approach described above,
providing explanations on the methodology adopted, detail guidance on Tier 1 and 2 calculations and
discussing data and uncertainty factors (see guideline template below i a more detailed discussion of
the guidelines and the guidelines text is available in the Methodologies Report). Detailed guidelines
were not developed for a Tier 3 approach given the increased complexity of these methods, however,
illustrative Tier 3 methodologies were developed an implemented for a selection of the case study
policies.
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Guideline Template
[Short title]

1. Official title of the Directive/Regulation

2. Short outline of contents of the Directive/Regulation

2.1 Relevant reporting requirements under the Directive/Regulation

3. Policy interaction

EU policies
[Link between the EU Directive/Regulation and other EU policies, in other words what does the polices
landscape look like at an EU level, for the target sector(s)]

National policies

[Link between the EU Directive/Regulation and the national policies, in other words how does the EU
directive work on the national level, and how is it linked to national policies]

Also indicate start year from which EU policy is considered to have an impact.

4. IPPC emission categories affected

[list any related inventory activity data available i check CRF tables / UNFCCC webpages]

5 Methodological approach

[Within each tier list the methodological issues and parameters that need to be covered in order to ensure
proper evaluation of the Directive and indicate the assumption made for each. Tier 1 should identify all
issues but need not quantify them all (correction = 0)]

5.1 TIER 1 - based upon EU wide values
5.2 TIER 2 i based upon MS specific values
5.3 TIER 31 based upon detailed statistics/data and analysis

6. Issue to consider for future evaluations

[Data gaps, requirements to build into future revised Directives]

Annex A: explanations for main methodological assumptions

Determination of the policy impact since the introduction of the directive/regulation
Uncertainty analysis
Data sources

Annex B: Detailed elaboration of TIER 1 and TIER 2 approach

3.4.3 Linkage with inventories

Under the UNFCCC (United Nations Framework Convention on Climate Change) participating
countries are required to implement an emissions inventory that records historical emissions of
greenhouse gases. Therefore, statistical information is available on the overall historical changes in
GHG emissions that have occurred over the period during which the ECCP PAMs have been
implemented.

As part of the development of the methodologies explicit consideration has been given to the potential
linkages with these national GHG emissions inventories. As shown in the guideline template above,
reference is made in each of the policy guidelines to the emissions categories that are affected by the
respective policy.

However, whilst the inventories provide a comprehensive database of the emissions arising in the
sectors targeted by the policies, based upon a consistent set of guidelines, they have been designed
for emission reporting and not for policy assessment. Consequently, the emissions inventories have
some limitations when used for policy evaluation.
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Some Member States have in place monitoring and tracking systems related to specific policies, such
as information on the number and capacity of renewable energy devices installed, or the number and
type of new cars registered. Some of this data can be directly related to data within the emissions
inventories T so firm linkages between policies and the inventory data can be made. However, this
relationship is seldom straightforward. More frequently policies will act upon several target sectors, or
will act upon sub-sectors that cannot easily be isolated from the activity data within the inventory. In
addition, several policies may act upon the same activities, making it difficult to disentangle the
impacts of individual policies i and this is without any adjustments for the influence on non-policy
parameters on the emissions trend. In other cases important emissions impacts may arise beyond the
territorial boundary, so will not be captured within the national inventories.

Whilst these difficulties mean that linking changes in the inventory to individual policies is far from
straightforward it does not discount the usefulness of the inventories in providing a robust database
that can be used the underpin the policy evaluations. Therefore, as far as possible, the evaluation
methodologies have been developed to at least ensure consistency with the national inventories.

I'n i mplementing the guirdelaitred & ssumbBemweof oddahanai fie
the availability and quality of the data. Many of these issues relate to the data that is available from the

emissions inventories and other data repositories (e.g. Emission Trading System (EU ETS)

Community Independent Transaction Log). These issues are discussed further in Section 5.2.

Overall, the development of methodologies to evaluate policy impacts and the further development of
emissions inventories are mutually supportive activities. Therefore, encouraging the ex-post evaluation
of policies is only going to reinforce the importance of robust emissions inventories.

3.5 Methodology Implementation

The previous section outlined the approach that has been followed in developing the methodologies
for the ex-post evaluation of the ECCP policies and measures. This is the first objective of the project.
The second objective of the project is to implement the methodologies, to test them, and to enable a
first estimate of the ex-post impacts of the selected policies and measures.

The development and application of the methodologies are closely interlinked tasks. Our approach
has been: to develop the methodologies based upon currently available data and methods; to
disseminate the methods to stakeholder and request feedback; to refine the methods based on the
stakeholder feedback; to test and apply the methods, and finally; to refine the methods based on the
results of the initial applications.

There are three strands of analysis that have been applied to test and refine the methodologies.
These can be defined as:
- application of Tier 1 and 2 methodologies using bespoke spreadsheet models that replicate
the calculations in the policy guidelines
- application of Tier 3 methodologies using detailed models which are described in more detail
in the corresponding Tier 3 reports
- application of the PRIMES energy model to some policies to carry out a factor analysis on the
sectoral level

The rationale for applying three different stands is that it enabled a comparison of the results, and an
understanding of the key limitations of the methodologies and most important methodological issues.
For example, the Tier 1 and Tier 2 approach provide a relatively simplistic methodology that is easily
repeated, but may not convey the full complexity of the policy in questions. The Tier 3 modelling
allows some of the detailed methodological issues to be investigated further, and provides a useful
insight into the accuracy of the more simplistic Tier 1 and Tier 2 approaches. Finally, the use of
PRIMES allows the estimates for the energy policies derived using the bespoke sector/policy models
to be compared with the outputs from an integrated macroeconomic model. The PRIMES analysis
also allows some examination of the wider socio-economic drivers for the energy sector that are less
well captured in the Tier 1/2/3 methods.

Each strand of the analysis has sought to quantify the impact of individual EU policies on the

emissions of each of the 11 Member States chosen as case studies and, where possible, the EU as a
whole. In addition, the analysis has explicitly considered the overall uncertainties in the methods and
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associated result. This includes uncertainties related to data, but also the impact of key
methodological choices upon the overall results.

351 Application of Tier 1 and Tier 2 methods

Application of the Tier 1 and Tier 2 methodologies has effectively involved the implementation of the
policy specific guidelines. For each of the policies a spreadsheet model has been developed to collate
and analyse the data. Since the Tier 1 and Tier 2 methods have been specifically developed to utilise
existing datasets then no primary data collection has been undertaken. However, this did require the
manipulation and analysis of existing statistical datasets (e.g. Eurostat, UNFCC, FAO etc). The Tier 1
and Tier 2 methodologies have been applied to all 13 of the ECCP polices and measures that were
short-listed for detailed consideration. For certain policies the outcomes from the more details Tier 3
modelling has been used to refine the parameters within the Tier 1 and Tier 2 approaches.

The results of the Tier 1 and Tier 2 analysis has provided an important understanding into the
circumstances when a simplified top-down methodology can provide a reasonable estimate of the
policy impacts, and the circumstances where a more refined analysis (including additional data
collection) is required. This is discussed further in Section 4.7.3.

3.5.2 Application of Tier 3 methods

The Tier 3 approach represents a detailed assessment of the policies impacts using additional bottom-
up data, and explicitly considering the influence of the key methodological issues. In many cases the
application of a Tier 3 approach required the use of models which are frequently specialised for a
given sector. It is unrealistic to believe that one model combines enough complexity in all sectors. On
the other hand this raises questions, in how far policy interactions that concern different sectors, are
reflected in the models.

Whilst the policy guidelines include an initial description of the approach that may be used as part of a

Tier 3 assessment of the policy impacts (i.e. the additional data to be collected, methodological issues

to be resolved), it was not possible within the scope of this studytod e f i n e in detail or
guidelines for each of the polices within each of the case study Member States. Instead we have
employed a range of new and existing models to demonstrate how a Tier 3 approach may be applied

to a small selection of the policies. These therefore represent an illustration of the level of analysis that

might be performed as part of a Tier 3 approach.

The following measures have been selected for detailed consideration using a Tier 3 approach:

U Voluntary agreements car manufactures (ACEA etc.) (ASTRA model)

U Emissions Trading Directive (Econometric top-down/bottom-up approach for the analysis of
the EU ETS impacts in the industrial sector, PowerACE model for the analysis of EU ETS
impacts in the Power Sector)

U Energy Performance of Buildings Directive (EPBD) (MURE simulation model)

U Directive on labelling of household appliances (appliance stock model as part of the MURE
simulation model)

U Biofuels Directive (Green-X model)

U RES-E Directive (Green-X model)

As a consequence the results that are available for these policies are naturally more extensive that for
those where only a Tier 1 and Tier 2 approach has been applied.

3.5.3 Application of the PRIMES model

The model PRIMES simulates the European energy system and markets on a country-by-country
basis and provides detailed results on energy balances, CO, emissions, investment, energy
technology penetration, prices and costs by 5-years intervals over a time period from 2000 to 2030.

The PRIMES model has not been designed specifically for the ex-post evaluation of climate policies,
and consequently certain elements of the model make it less suited to ex-post evaluation For
example, impacts can only been evaluated over a 5 year period, with no assessment possible in
intervening years. However, the PRIMES model does provide an integrated assessment of policies

AEA 23



ENV.C.1/SER/2007/0019 Restricted - Commercial
AEA/EDO05611/Final Report

that act upon the energy sector, it provides coverage across all EU-27 Member States, and it allows
the examination of the key socio-economic drivers of emissions within the energy sector.

The main application of the model within the study has been to assess the influence of these key socio
economic variables on CO, emissions. For each of the main energy sub-sectors the trend in CO,
emissions between 2000 and 2005 has been decomposed so as to reflect:

the activity changes effects,

the structural changes effects,

the energy intensity changes effect and
the fuel mix changes effect

This decomposition has been performed both at the aggregate energy system level and at the sectoral
level. The results can therefore be compared and cross-checked against those obtained from the
Tiered approach as well as providing some insights on the effects that cannot be directly captured
(e.g. impact of price signals) by the other methods.

The outputs from PRIMES have therefore been used to:

e provide an alternative estimate of the GHG impacts associated with the ACEA Agreement, the
RES-E Directive and the Biofuels Directive which are the only policies that can so far be
evaluated separately with the PRIMES model;
refine the methodologies of the tiered approach;
identify the areas where sensitivity analysis is required; and

e validate the findings from the tiered approach.

In addition, the outputs from the PRIMES analysis provide an indicative estimate of the CO, emission
impacts of the ECCP on those Member States not covered by the detailed case studies.

3.6 Results generation, reporting and development of
recommendations

This phase in the project has brought together the results from the previous phase. The methods have
been applied to each of the policies selected for detailed considerations. The findings have been
reported in individual policy chapters. These can be found in the Appendices of this report and are
summarised in the following chapter.

Quantitative analysis

Implementation of the tiered methodologies, together with the PRIMES modelling has enabled
quantification of the impacts of the policies on emissions of greenhouse gases within the European
Union. Results have been reported in terms of the annual savings in the latest year to date (to ease
comparison with the ex-ante estimates) for each of the case study Member States. For certain
policies, due to data limitations or methodological challenges it has not been possible to quantify all
areas. The results from the quantitative analysis are synthesised in the next section.

Qualitative analysis

Given the research nature of elements of this study, it is recognised that the methodologies that have
been developed may not be able to fully quantify the range of factors that influence the policy impacts
across the range of sectors and Member States. Therefore, alongside the quantitative analysis, the
individual policies, and their impacts on GHG emissions, have been reviewed in qualitative terms. This
has considered issues that have either not been captured within the quantitative framework, or are
subject to significant uncertainty. This includes, for example, variations in the implementation of the
policies within different member states, overlaps with other policies and the ability of the quantitative
data to describe policy impacts.
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3.7 Capacity building

The initial results from the project and of the evaluation methodologies were presented to Member
States and EU Commission representatives, during a two day workshop that took place on October g™
and 9", 2008. The workshop was followed, on October 10" by a capacity building seminar. The
workshop and training seminar were attended by a total of 33 delegates, representing 19 Member
States.

The goal of the seminar was t dn themppost evaluatidre ahdirate
change policies and measures. Specifically the seminar aimed to:
A Improve the understanding on the main methodological issues associated with the ex-post
evaluation of ECCP;
A Discus the methodological choices incorporated in the guidelines;
A Familiarise Member States with the tools used in ex-post evaluation.

After a general overview of the issues associated to ex-post evaluation the following topics were
discussed in more detail: policy overlaps, autonomous technical progress, choice of emission factors
and other exogenous factors. The training seminar drew heavily upon the contents of the
Methodologies Report.

For each of the topics addressed in the case studies, definitions were provided and theoretical and

methodological issues were discussed. A series of worked examples were developed, with practical
breakout sessions used to test delegates understanding of the key issues.
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4 Overall results

This section presents a summary of quantitative results from the implementation of the Tier 1, Tier 2
and Tier 3 methodologies™ as well as the results obtained from the factor decomposition method
using the PRIMES model. It also provides a discussion on the overall findings from the application of
the methodologies.

For each of the individual ECCP policies that have been evaluated an expanded discussion of the
results, and the associated uncertainties, can be found in the detailed policy chapters and the report
on the PRIMES factor analysis. Likewise, more extensive details on the methodologies that have been
developed and applied can be found in the Methodologies Report.

When considering the quantitative results, it is important to recognise that the main objective of this
study is not just to generate quantitative results, but also to develop and test a range of evaluation
methodologies. In practice this means that, for certain policies, there is currently a large range of
uncertainty in the estimated policy impacts. This reflects both uncertainties associated with the data
that the methodologies have utilised, and also the influence of methodological choices. Therefore,
when comparing results from different policies the relative uncertainties and methodological
differences need to be acknowledged. These uncertainties aside, it is still useful to compile and
compare the results across each of the ECCP policies considered in order to spur further discussion
on the methodologies and also to identify those policies with the largest impact, and the largest
uncertainty.

4.1 General overview of results: all sectors

41.1 Overall emissions reductions

Results are presented for each of the individual policies, and for each of the separate methodologies.
The values represent the estimated reduction in GHG emissions that can be associated with the
individual policies, in accordance with the respective methodologies. This represents the difference
between the actual observed emissions and the assumed emissions in the absence of the policy (i.e.
the counterfactual).

Whilst the results have been generated using, as far as possible, a consistent methodological
framework, there are number of reasons why the results of this study, for each of the individual
policies, cannot be compared easily. These are described further below.

One reason is that the time frame considered may differ from policy to policy. Each policy has a
different starting year: for example the Energy Performance of Building Directive (EPBD) entered into
force in 2002 but will be fully transposed in 2009 meaning that the main impact will occur in the future.
Other policies, like the Directive for the promotion of renewables have already delivered impacts for a
number of years. Therefore, when comparing the results in a given year or period one should not
conclude directly that a given policy is more effective than another; this conclusion can only be drawn
by either considering the impacts relative to the original ex-ante estimates for the policies (i.e.
comparing actual impacts to expected impacts) or by making the comparison only after all of the
policies are fully operational.

In practice, it is seldom straightforward to compare the ex-post impacts of a given policy to its
projected (ex-ante) impacts at inception. To be fully consistent, the ex-ante and ex-post estimates
should use comparable data and modelling assumptions. However, this is frequently not the case.
Furthermore, most of the ex-ante estimates are only available for a given year in the future, which may
not be the same year as that for which the ex-post estimate is available. Nevertheless, a crude
comparison of the ex-ante and ex-post estimates, allowing for the likely trajectory of the policy
impacts, can provide an indication of the relative effectiveness of the policies to date.

43 A Tier 3 analysis was only carried out for the following policies: ACEA, Biofuels, RES-E, EU ETS, EPBD and Labelling.
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Another reason why the results cannot be compared directly stems from the fact that for some policies
relevant and timely statistics were available, while for other policies data is not yet available for the
most recent years. This is particularly relevant for those policies that have the potential to deliver
significant savings in a relatively short period of time. For example, in the evaluation of the Directive
concerning renewables for electricity generation most of the generation capacity has been installed in
the last 2-3 years. Consequently, the impact of the policy in the year 2008 is 139 Mt CO,eq., which is
considerably higher than the results in 2005 of 40 Mt. Therefore, for certain policies, the actual impact
in recent years may be considerably higher than the impact in the latest year for which data is
currently available.

Finally, the relative complexity of the policies, and the availability of policy data, means that the
methodologies are better suited to certain policies than others. Consequently, the relative uncertainty
in the policy estimate is much greater for some policies than for others. In general, we advocate that
the results are interpreted on a policy-by-policy basis, taking into account the unique circumstances of
each individual policy.

For these reasons, we do not recommend that the results from the individual policies are
replicated or compared without reflecting upon the relative uncertainties in the estimates. For a
better understanding of the results for specific policies, we refer the reader to the individual policy
chapters located in the Appendices to this report.

Taking into account these uncertainties, Table 4-1 compiles the ex-ante estimates of the ECCP
impacts in 2010 and compares these with the results from our evaluation of the impact to date. The
ex-post results are presented for each of the Tier 1, Tier 2 and Tier 3 approaches, with the values
representing annual savings for the latest evaluation year available (specified for each policy). Results
are presented for EU-15 and EU-27 where available. The policies are ordered according to the sector
in which the savings arise. A sum of the results is also provided. However, it must be kept in mind that
in order to compile this estimate, important choices had to be made on methodological options which
are still the subject of debate. In addition, the estimates comprise the sum of results from different
years of impact. This sum should therefore be considered as indicative and cannot be
considered as a definitive estimate of the impact of the policies investigated. It may
nevertheless be useful to compare it in a preliminary way with the original ex-ante results to assess
progress against expectations.

A traffic lights based colour coding has been employed to highlight the relative uncertainty of the
estimates, allowing the values from the different policies to be presented in a single table. Values in
red cells are considered most uncertain, and should not be considered a robust assessment of
the policy impacts. In contrast, the values in green cells, whilst not without limitations, are
considered to be within a reasonable bound of uncertainty and the results can be used as a good
estimate of the policy impacts. Values in cells are deemed to be

, but we consider that the approach may need further development.
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Table 4-1 CCPMs: Comparison of ex-post and ex-ante impact estimates for the policies delivering the largest GHG savings in 2005 and 2010
Ex-ante estimates Ex-post evaluation estimates (annual savings in latest year Factor Analysis
Mt CO, eq. P ( 9 year) PRIMES‘M
ECCP Review: T1 T2 3%
annual savings in
CCPM 2010 (EU-15)
Transport
Voluntary agreements with 7580 NE (EU27, 2005) NE (EU27, 2005) 21.2/30.2 (EU27, 2005/2007) 23.1 (EU27, 2005)
car manufacturers 29.4 (EU15, 2005) 26.4 (EU15, 2005) 17.9/25.4 (EU15, 2005/2007) ) '
Biofuels Directive ) 13.3 (EU27, 2007) 13.3 (EU27, 2007) 13.0 (EU27, 2007)
(Dir 2003/30/EC) ¥ 35-40 12.5 (EU15, 2007) 12.5 (EU15, 2007) 12.2 (EU15, 2007) 7.8 (EU27, 2005)
Energy Sector/Industry
RES-E Directive i 25.8 (EU27, 2005) 25.8 (EU27, 2005) 40.3/139 (EU27, 2005/2008)
(Dir 2001/77/EC) ? 100 - 125 23.8 (EU15, 2005) 21.1 (EU15, 2005) | 34.1/118 (EU15, 2005/2008) | o0/ (EU27,2005)
Promotion of cogeneration
(Dir 2004/8/EC) 65 NE NE NE
EU ETS 6)
(Dir 2003/87/EC) N/A NE 4.5 (Germany, 2006) NE
Integrated pollution
prevention and control 60-70 NE NE NE
(Dir 96/61/EC)
F-Gases (Regulation EC
No 842/2006) 23 NE NE NE NE
Households/Service Sector

gzﬁg?ggzerfmma”ce of a5 45 83.8 (EU27, 2006) 156.5 (EU27, 2006) | 0.0/31.7 (EU27, 2004/2010) NE
(Dir 2002/91/EC) 7) 33.5 (EU15, 2006) 44.2 (EU15, 2006) 0.0/26.9 (EU15, 2004/2010)
tf‘egfr':::”gp%'ﬁgﬁtc"éi for o6 21.5 (EU27, 2006) NE 13.3 (EU27, 2004) ¥ NE
(Directive 92/75/EEC) NE (EU15, 2006) NE 12.1 (EU15, 2004)

4 Factor Analysis PRIMES only carried out for three policies
“ Tier 3 estimates are only carried out for a selection of policies
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Table 4-1 (continued)

Ex-ante estimates Ex-post estimates (annual savings in latest year) Factor Analysis
Mt CO; eq. PRIMES
ECCP Review: T1 T2 T3
annual savings in
CCPM 2010 (EU-15)
Waste
Landfill Directive 30.5 (EU27, 2006)
(Dir 1999/31/EC) 41 NE (EU15, 2006 NE NE
Waste Incineration
Directive (Dir 2000/76/EC) NE NE NE
Agriculture
Nitrates Directive 10)
(Dir 91/676/EEC) 10 NE NE
Common Agricultural
Policy (Regulation EC No 2 NE NE
1782/2003) *?
All sectors
13) ] 287 (EU15) 113 (EU15) 194 (EU15) - (EU15)
Sum 472-527 (EU15) 482 (EU27) 225 (EU27) 231 (EU27) 120 (EU27)

Notes:
1)

2)
8)

)
°)
6)
"

Excluding an assessment of the possible effects of indirect land-use change. Such effects, if taking place, may substantially reduce the impact calculated. Figures are,
however, highly uncertain and require further investigation.

Excluding large hydro. 2008 estimate based on installed capacities in 2008 as compared to 2005 (minus the capacities already installed up to 2003).

CO, savings based on primary energy savings. The Tier 1 approach assumes that CHP electricity production is replacing the average fuel mix of the EU-27 (fossil-fired public
supply). It assumes further that CHP heat is replacing the marginal factor associated with heat from a natural gas-fired boiler with an efficiency of 85%. Savings relative to
2004, attributing them to the Directive. However, the impact of the CHP Directive is still non-existing and only expected from 2009/2010 onwards. There is a contribution of
CHP to climate policy objectives regardless whether this contribution is policy induced or not.

Intensity approach.

Direct projection of inventory data.

Includes only partial results for Germany and only the impacts in the power sector (dispatching effect only) and in the clinker production sector.

T1/T2 results under the assumption that the EPBD has already produced impacts starting 2002. T3 makes the more realistic assumption that impacts will only start in 2008
taking into account delays in the implementation of the EPBD.
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Table 4-1 (continued)

)
9)

Including existing labels which are estimated ex-ante to be around 20 Mt CO»-eq.

Tier 3 results are based upon a more refined approach; however, data at a more refined level is only available to 2004.

9 The first ECCP quantified the potential savings from N2O emission from soils in the EU-15 at 10 MtCO2eq in 2010 without allocating these possible savings to a particular
policy.

D The analysis has focussed two individual elements of the 2003 CAP reform only: the sheep and goat meat regime and the beef sector premia. Specifically, the change in
livestock numbers arising from the reform in these sectors. Other important components have not been investigated within this study and would benefit from further|
investigation. In particular, the methodologies need to be extended to include impacts on carbon within soils and the broader impacts of land use change. Impacts in N20O
emissions from soils and nitrate use are included in the impacts of the Nitrate Directive.

2 Based upon reductions in emissions from enteric fermentation (0.3 Mt CO2eq) and from anaerobic digestion (1.7 Mt CO2eq) estimated in the review of the ECCP. Further
reductions were identified for emissions of N2O from soils. These have been described in relation to the Nitrates Directive above.

¥ The sums for the ex-post evaluations should be taken as indicative only. They combine results for varying years, based on particular methodological assumptions.

The colours in the fields for the Tier 1, 2, 3 approaches have the following meaning:

The approach provides only a rather approximate estimate of impacts and should not be considered a robust assessment
of the policy impacts

Orange colour: The approach provides a fair approximation to the impact assessment. However the approach may need to be worked out
further. (This is for example the case for the EU ETS).
Green colour: The results can be considered as a good estimate of the policy impact. However, frequently, still methodological choices

have to be made, for example with respect to the emission factors. The data basis is, however, satisfactory to make these
choices (This is for example the case of the RES-E Directive).

IAbbreviations:
MSsp: Member State specific starting year for the ex-post evaluation
NE = not estimated

Sources: European Commission for the ex-ante estimates (see also Table 2-1) this study for the ex-post estimates.
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The main quantitative results are as follows (see Table 4-1):

AEA

The first ECCP reviewed over 40 measures for their potential contribution to the Kyoto target.
The programme estimated that a number ofcost-ef f ect i ve options had
achieve savings of between 664 and 765 Mt CO,eq in 2010 for the EU-15. A number of the
measures reviewed are covered by this study.

The ex-ante estimates available for the policies covered by this study indicate possible total
GHG savings of the policies in the range of 472-527 Mt CO, eq. in 2010 for the EU15.

The results obtained with the Tier 1 approach are of the same order of magnitude as the ex-
ante estimates at 287 Mt CO, eq. for the EU15 when the impacts for the most recent year for
which results are available (generally 2005-2007) are summed. Policy estimates derived from
the Tier 1 approach tend to be the highest, frequently due to an insufficient correction of
autonomous progress (see below). This is mainly the case when the gap between Tier 1, Tier
2 and possibly Tier 3 is particularly large, e.g. in the case of the Landfill Directive.

The sum of the Tier 2 results is 113 Mt CO, eq. for the EU15, considerably lower than the Tier
1 results. This is partly due to the fact that not all policies considered were able to develop a
Tier 2 approach (CHP Directive, IPPC, Labelling and EU ETS). Notwithstanding this issue,
Tier 2 results are consistently lower as a result of the corrections introduced. The one
exception of the EPB Directive, where the refinement in Tier 2 lead to a larger emissions
saving.

There are also indications, when considering the Tier 3 results, that due to methodological
choices, e.g. for emission factors in the case of renewables (RES-E Directive), the Tier 2
approach may have underestimated the policy impacts. The Tier 3 approach indicates savings
in the range of 194 Mt CO, eq., so greater than the results for Tier 2 T most of this can be
explained by the inclusion of more recent data for the RES-E Directive.

However, the Tier 3 analysis is hot complete; only a selected number of polices could be
analysed. Also for an important policy such as the EU ETS only partial results are available to
illustrate the methodologies. A complete analysis would show higher results. In addition, some
policies such as RES-E, have introduced a rapid change in technologies. It can be estimated
that the impact of around 40 Mt CO, eq. for RES-E in 2005 for the EU27 has grown in 2008 to
around 139 Mt CO, eq. and will continue to grow considerably until 2010. While it is difficult,
based on the Tier 1 analysis to judge on the impacts of policies such as the IPPC Directive
and the Landfill Directive, the RES-E Directive has so far been without doubt the most
successful of the policies considered, although a more final conclusion should be left to a
complete analysis. It must also be recalled that some of the policies such as the EPBD or the
CHP Directive will become most effective in future years.

For those results that are considered to be a reasonable estimate of the policy impact (see
traffic light coding on table), the ex-post results for the latest year available are often
considerably lower than the policy impact projected for 2010. In some cases, recent
implementation means that savings will be greater closer to 2010. However for other policies
(potentially ACEA and biofuels), it is possible that the ex-ante estimate has been over
optimistic.

The decomposition analysis performed with PRIMES estimates the combined effect of the EU
agreement with car manufacturers, the implementation of the Biofuels and the RES-E
Directives to amount to a reduction of CO, emissions by close to 120 Mt CO,. The results
from this analysis are very similar to (but slightly lower than) the results from the tiered
methodologies for ACEA and Biofuels but significantly higher in the case of the Renewables
Directive.
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4.1.2 Sector specific results

The following sections synthesise the main results for the individual policies. More details can be
found in detailed policy chapters and the report on the PRIMES factor analysis, which are annexed to
this report. The sections deliver concise information on the following items:

U Short discussion of the main results obtained with Tier 1, Tier 2 and Tier 3 approaches
(the latter for the policies and measures where available).

0 A characterisation of the main methodological differences between Tier 1, Tier 2 and Tier
3 approaches in table form, considering issues such as the treatment of autonomous
progress, the choice of emission factor, the impacts of overlapping national and other
European policies, geographic circumstances, structural change as well as time delays or
announcement effects in the implementation of the policies. For consistency, a standard set of
methodological characteristics have been used to summarise each of the methodologies.
These characteristics are outlined in the table below, and are elaborated further in the
Methodologies Report.

Table 4-2 Methodological characteristics

Characteristic Description

Activity indicator This describes the emissions causing activities that the policy acts upon, and that have

been used to underpin the evaluation

Emission factor This describes the basis for the emission estimate that has been applied in relation to the
respective activity data. In the Tier 1 approach emission factors have typically been
defined on the basis of EU average data. However, for the Tier 2 and Tier 3 approaches

member state specific emission factors have been applied

Policy interaction National policies or other EU wide polices may interact with the policy in questions. This
describes the extent to which adjustments have been made in the Tiered approach to
account for policy interaction. Adjusting for policy interaction usually reduces the savings

that are attributed to the policy in question.

Autonomous
developments

This may include, for example, the impact of autonomous technological improvement
(i.e. innovation in technology). This is most applicable to policies that influence the take
up of particular technologies. It also includes autonomous behaviour, where an activity
would have occurred anyway, but has instead occurred in relation to a specific policy (for
example, to take advantage of a subsidy).

Structural effects Structural changes can be described in terms of the activity data that is used to estimate
the emissions from the sector. Changes in the structure of this activity data (e.g. fuel
switching) may result in changes in the associated emissions, however, these structural
changes may be effectively O6hiddend in t
changes in energy are considered and not the mix of fuels) i so the impacts of these

changes are not isolated from the other factors driving emissions.

Timing issues
(announcement
and delay effects)

An announcement effect can be defined in terms of an action taken to reduce emissions
as a result of a policy, between the time of the announcement of the policy and its
implementation, when this action would not have been taken if the policy had not been
announced. Likewise a delay effect, relates the fact that whilst a policy may have
officially begun on a certain data, the measures implemented as a results of the policy
may have been delayed.

Geographic factors

These include factors such as climate (which is has an important influence on energy
demand) and weather (which can influence the effectiveness of renewable energy such
as wind turbines, and agricultural productivity). Adjustments can be made with the
evaluati on methodology to 6normalised thes
variables on the overall outcome.

Rebound effects

The rebound effect is an umbrella term for a number of mechanisms which reduce the
size of t he & e n eeaddrgm impaovements snéeneegy éfficiency. Direct
rebound effects can occur where energy efficiency measures reduce the cost of an
energy service (e.g. heating), and the financial savings are spent on greater level of
consumption of the service (e.g. warmer homes).

Other exogenous
factors

Certain factors may be exogenous to the analysis, but can still have an influence upon
the level of savings. The most significant factor is typically market prices. For example,
energy prices will influence the demand for energy, and the associated CO, emissions
from industry, likewise, livestock numbers may be affected by meat and milk prices.
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A graphic overview of results containing:

— the development of the inventory categories related to the policy concerned from 1990-
2006;

— ex-ante projections for 2010;

— the results from the implementation of the Tier 1, Tier 2 and Tier 3 methodologies (the
latter for the policies and measures where available).

As discussed previously, the ex-ante and ex-post results are not strictly comparable since
savings are for different years and also due to the fact that the estimates are likely to have
been derived using varying assumptions and methodologies. Since the basis for calculation of
the ex-ante estimates is not known, it is not possible to accurately determine why the ex-ante
estimates differ to the findings of the ex-post evaluation.

A table with the key uncertainties for the different policies, distinguishing in general
uncertainties related to data issues and uncertainties related to methodological choices, where
relevant. In cases where the main uncertainties are related to data issues, future
improvements require improved data collection. Where methodological choices have to be
made, the issue needs to be discussed further in expert groups. Frequently, however, this also
implies an improvement of the underlying data sets (e.g. the choice of marginal hourly
emission factors for the evaluation of RES-E implies the knowledge of the power sector in the
EU27 on an hourly basis).

A guantitative discussion of the main sensitivities in the results, separating again
sensitivities related to methodological choices and data.

A review of cost-effectiveness estimates. Whilst the focus of this study has been on the
guantification of the effectiveness of the ECCP, policy efficiency is also important. Whilst no
new estimates of the cost-effectiveness of the policies have been derived during this study,
existing estimates, where available, have been captured.
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4.2 Transport sector

421 Trends in emissions

The overall trends in emissions the transport sector have been examined using a modified version of
the PRIMES model. A decomposition analysis has been performed to examine the key factors that
have influenced the trends in emissions, within the sector, between 2000 and 2005.

CO, emissions in the transport sector exhibit a significant growth in 2000-2005 (+63 Mt CO, or
+6.4%). This increase is mainly driven by activity growth which is estimated at +92.5 Mt CO..
Demographic developments account for around 26.5% of this increase the rest being the result of
economic growth. Structural changes in the EU transport sector (increasing role for private cars, trucks
and aviation transport activity) also lead to an increase of CO, emissions in the transport sector (+25.2
Mt COy,).

The purchase of more efficient vehicles (with efficiency improvements accelerated due to the
implementation of voluntary agreements) in road transport as a result of normal replacement of old
stock and additional transport activity demand, the further dieselisation of the private cars stock, the
continuous electrification of the rail network and the need for new airplanes (with significantly
improved efficiencies compared to old ones) arising from the high growth of aviation activity, result in a
significant improvement of energy intensity in the transport sector which in turn leads to an estimated
reduction of CO, emissions by -52 Mt CO,. Changes in the fuel mix also lead to a limited reduction of
CO, emissions in the sector (-2.7 Mt CO,), a result mainly related to the penetration of biofuels.

These factors, driven both by policies and exogenous factors, are illustrated below:

Figure 4-1 Decomposition analysis of transport sector
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4.2.2 Key results: Voluntary agreements for cars (e.g. ACEA)

The European Commission secured voluntary agreements with the European (ACEA), Japanese
(JAMA) and Korean (KAMA) car manufacturers associations to reduce the average CO, emissions of
new passenger cars sold in the European Union, i.e. 140 gCO,/km (to be achieved by 2009 by JAMA
and KAMA and by 2008 by ACEA).
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The effectiveness of the voluntary agreements has been evaluated using a Tier 1, Tier 2 and Tier 3
approach. In addition, an estimate of the impacts of the agreements has also been made using the
PRIMES factor analysis.

For the ACEA agreement, detailed data is available on emissions performance and numbers of new
cars purchased, as reported by Member States. This enables a comprehensive ex-post analysis of the
policy. A simple spreadsheet model has been used to evaluate the impacts of the agreement in
accordance with the Tier 1 and Tier 2 approaches. We consider that the results from the Tier 1 and 2
analyses provide a reasonable approximation of the policy impacts. The ASTRA model has been used
to demonstrate a more refined Tier 3 approach, allowing other explanatory variable (such as fiscal
policies and fuel prices) to be examined also.

Table 4-3 details the main methodological differences between the tiered methodologies, showing that
the Tier 1 methodology is a relatively simple calculation and does not take account certain
complicating factors such as dieselisation, policy interaction and other non-policy drivers.

Table 4-3 Key methodological choices ACEA agreement
Approach Tier 1 Tier 2 Tier 3
Activity indicator Vehicle km Vehicle km Vehicle km
Emission factor of new vehicles (g CO2/km) EU MS MS
average average average

Policy interaction:

+ Taxation policies (registration tax, annual no no yes

car tax, mineral oil tax, ecotax)

+ Biofuels policy no no screened

+ Other policies no no screened
Autonomous development no no yes
Structural effects (Dieselisation trend) no yes yes
Rebound effects (car size, more mileage) no no yes
Multiplier effects no no no
Geographic factors no no no
Timing issues / delay or announcement effects yes yes (yes)*
(policy impact starting 1995)
Other exogenous factors (Impact of energy no no yes
market prices)

*  Brackets mean that the issue should in principle be considered but was not considered relevant for the ex-
post evaluation period investigated here.

The analysis (see Figure 4-2) indicates that the policy has delivered a moderate level of emissions
improvement, especially when compared to ex-ante projections, although in total the savings achieved
are not negligible.

The various sensitivity runs with the ASTRA model have also demonstrated the (surprising) weakness
of some of the factors which were considered to have a potential impact on technological
development, such as fuel prices, fiscal measures and the adoption of larger vehicles. The weakness
of all these factors left only two drivers of the technological improvement i autonomous technical
change (i.e. development carried out by the auto industry as part of the competitive strategies of
manufacturers) and the effect of the voluntary agreement. The actual estimated savings attributed to
the ACEA agreement are thus heavily dependent on what is assumed with respect to the levels of
autonomous technical change.

The ACEA agreement will not lead to large scale adoption of alternative technologies such as electric
vehicles or hydrogen fuel cell vehicles. This reinforces the findings of the EU Strategy review, which
concluded that further legislative measures are necessary to achieve the target of 120g CO,/km by
2012 for new cars and LDVs.
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Figure 4-2  ACEA agreement: Key results of the ex-post analysis in comparison with ex-ante estimates and inventory development
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Notes: Emission trends are shown on the primary axis while estimated policy savings are shown on the secondary axis. The final year for which ex-post estimates are available varies between policies.
See Table 4-1 for further details. The geographical coverage of ex-post policy savings varies due to data constraints and is detailed in the legend above.

Sources: Policy savings for 2010 are European Commission ex-ante estimates while savings for historic years are ex-post estimates generated under this study. The source for absolute emissions is
the 2006 GHG inventory (EEA, 2008).
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In general, there is a good match between the results obtained from the different tiered
methodologies. However, the Tier 1 and, to a lesser extent, the Tier 2 approach do appear to
overestimate savings; delivering an estimate which are greater than those estimated under the more
methodologically robust Tier 3.

For all approaches, the ex-post savings for the latest year are considerably lower than the European
Commi s s i-ante@&sgimateof the policy savings in 2010. This is not surprising assuming that the
ex-ante estimate was based on the achievement of an average vehicle efficiency of 140g COy/km,
which has not been achieved in reality.

Table 4-4 and Figure 4-3 show the main uncertainties associated with the ex-post estimates of the
policy impact. In particular, a change in assumptions regarding autonomous progress in vehicle
efficiency could significantly reduce the estimated impact.

Table 4-4 Key uncertainties ACEA agreement

Key uncertainties in data

Data sources: Variation in the data sources between Tier 1/2/3 approaches.

Key uncertainties in methods

Autonomous progress: Evaluation of the autonomous progress/impact of previous policies in the pre-
agreement period.

Size effects: Changes in the size of cars (considered in Tier 3).

In Figure 4-3 the results from the sensitivity analysis are reported. This shows the impact of using
specific methodological assumptions, and the influence of data uncertainties, upon the overall results.
The arrows show the relative variability in the results depending upon the particular assumptions that
are used. The results represent the historic importance of the different factors. This does not
necessarily mean that the factors will have the same importance in the future.

Figure 4-3  ACEA agreement: Sensitivity analysis for the different factors affecting the estimated CO»
savings of the ACEA agreement (Mt CO2 equ. in 2007 for the EU27)
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Notes: Variations due to methodological choices are in red. Variations due to data issues are in green. Solid
arrows represent an absolute assessment of the variation, as calculated in the current analysis. Dashed arrows
show an estimate of the variation, but the absolute value is much more uncertain.
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The cost-effectiveness of the ACEA agreement should include two cost components: The
administrative and 'transactions' costs associated with the development and implementation of the
agreement and the R&D and investment costs to the industry of developing more fuel efficient cars.

The cost of implementing a voluntary agreement comes in the time and effort spent by the parties in
reaching the agreement and the costs of monitoring the agreement. Such costs are typical small in
comparison to other policies. The cost of monitoring the agreement is also small, because the
necessary CO2 emissions test figures were easily combined with the fuel test measurements.
Therefore, the costs involved with implementing this policy are overall small.

TNO (2006) assessed the cost of abatement to vehicle manufacturers as r angi ng fr
CO2 at an oil price of 425/ bbl to U132/ tonne
take into account the fuel cost savings that consumers will enjoy after having purchased a more fuel-
efficient car.

423 Key results: Biofuels Directive (2003/30/EC)*°

Directive (2003/30/EC) on the promotion of the use of biofuels or other renewable fuels for transport
requires Member States to ensure that a minimum proportion of biofuels is placed on their markets.

The effectiveness of Biofuels Directive in delivering reductions in emissions of greenhouse gases has
been evaluated using a Tier 1, Tier 2 and Tier 3 approach. In addition, an estimate of the impacts of
the Biofuels Directive has also been made using the PRIMES factor analysis.

The shift from fossil transport fuels to biofuels reduces the emission of CO, emissions from the
transport sector, but on the other hand can have an adverse effect on the emission of CH, and N,O
compared to fossil fuel use due to impacts associated with the biofuel supply chain. Taking into
account lifecycle emissions associated with the fuel supply chain reduces the overall emissions
savings. These lifecycle emissions vary considerably between the different biofuel feedstocks.
Therefore, from a methodological standpoint, the choice of emission factor for the different biofuels is
the most critical element in the evaluation.

Table 4-5 provides a summary of the assumptions used to generate the results illustrated in Figure 4-4.
In particular, it shows how the Tier 1 and 2 approach use simplifying assumptions with respect to the
biofuel feedstocks, whereas the Tier 3 approach uses more refined assumptions.

46 Disclaimer: The analysis of the Biofuels Directive has been prepared by Fraunhofer ISI. The final presentation of the results
from the Biofuels Directive does, however, not reflect the views of Fraunhofer ISI.
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Table 4-5 Key methodological choices Biofuels Directive
Approach Tier 1 Tier 2 Tier 3
Activity indicator Volume of Biofuels Volume of Biofuels Volume of Biofuels
Emission factor (kg EU average / default MS averages for (1) Direct CO; emission
C02eq/GJ) IPCC emission factor bioethanol/ reduction (gross impact)
biodiesel (2) Life cycle EF based on
MS feedstocks (net excl.
LUC)
(3) EF Elec prod. (co-
generation uses)
(4) Sensitivity analysis:
life cycle EF incl. LUC
(net imports)
Impact of biofuels no no yes (type of feedstock;
imports/exports on sensitivity analysis: iLUC)
emission factor
Policy interaction with no no (yes)™
national biofuels policies”’
Policy interaction with Combined effect of Combined effect of Interaction of biofuel
other national and EU- biofuels and non-biofuels national + EU policies. policy with non-biofuels
wide policies policies Combined effect of agriculture and spatial
closely related national policies (iLUC)
and EU policies.
Autonomous progress no (yes) (yes)
Geographic factors no no (yes)™
Timing issues / delay or no no MS specific
announcement effects

Note: Brackets indicate that the issue is considered in principle but was not considered relevant for the specific
ex-post evaluation period investigated. iLUC = indirect land use change.

The net GHG savings for Tier 1 and Tier 2 approaches amount to approximately 13.3 Mt CO,-eq in
2007 for Europe (EU-27). The results of the Tier 3 methodology are similar, since the results are all
underpinned by the same default emissions factors. These factors may be subject to variations
depending on scientific advances on individual parts of the biofuel production chain.

In 2007, approximately 30% of EU biofuels consumption was imported. Of the remainder produced in
the EU, those that were produced on recently abandoned agricultural land or land that would
otherwise have been abandoned can be assumed to not result in any land use change. In addition, the
biofuel co-products will have replaced other agricultural commodities, leading to a saving of land
elsewhere. These considerations should be taken into account when evaluating the land use change
effects of this policy.

As illustrated below, ex-post savings in the latest year are still considerably lower than those forecast
by the European Commission for 2010 and are small in comparison to the challenge of sizeable and
increasing road transport emissions in the EU.

" Interaction with national biofuels policies (Tax exemptions/quotas, Energy taxes on Diesel/Gasoline, Support for Agricultural Land (CAP
Reform):

“8 All biofuels after transposition of Directive are supposed to be related to the introduction of the Biofuels Directive.

“9 profitable biofuels + previous national policies.

0 Normalisation to climatic conditions: annual ha yield.
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Figure 4-4 Biofuels Directive: Key results of the ex-post analysis in comparison with ex-ante estimates and inventory development

1,000 + - 40
m
()
o=
-35 =3
> 2

— (]

- 800 - o 3
EQ 30 5o
O —
=0 i
n = n
S 25 g@
o= 600 - 23
89 g e
£EZ 20 <@
Q3 ®
R 23
= 400 + ~

c L (2]
o S 15 ag
o +— 8 (7))
<3 3 2

o Formal - 10 o 8

1L policy —
200 start -
-5
0 —t—t—t—t+—t+—t+—+—+—t+—+—+—+—+ -0
o — N ™ < o (o] N~ [e0] (o)) o — N ™M < Lo (o] N~ [e] (o)) o
(o)) (o] (o] (o] (o)) (o] (o] (o] (o] (o] o o o o o o o o o o -
(o)) ()] (0] (o] (o)) ()] ()] ()] ()] (o)) o o o o o o o o
— — — i i i i i i i AN N N N N N N N N N N
mmm EU15 Tier 1 policy saving mmm EU15 Tier 2 policy saving mmm EU15 Tier 3 policy saving
mm EU15 (ex -ante) policy saving —<EU15 actual emissions ——EU27 actual emissions

Notes: Emission trends are shown on the primary axis while estimated policy savings are shown on the secondary axis. The final year for which ex-post estimates are available varies between policies.
See Table 4-1 for further details. The geographical coverage of ex-post policy savings varies due to data constraints and is detailed in the legend above.

Sources: Policy savings for 2010 are European Commission ex-ante estimates while savings for historic years are ex-post estimates generated under this study. The source for absolute emissions is
the 2006 GHG inventory (EEA, 2008).
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There are a number of uncertainties around the ex-post policy impact estimates, as outlined in Table
4-6 and Figure 4-5 below.

Table 4-6 Key uncertainties Biofuels Directive

Key uncertainties in data

Land-use change: Uncertainties in occurrence of LUC (impact on emission factors)
Feedstock data: Feedstock composition in country and feedstock composition of imports.
Emission factors: Uncertainties in NoO emissions from the use of fertilisers.

Key uncertainties in methodologies

Co-products: Choices in the treatment of co-products (allocation/substitution).

Land use change: Choices on LUC factors

The Figure below shows the influence of the key uncertainties on the overall results. The arrows show
the relative variability in the results depending upon the particular assumptions that are used. In
particular, alternative assumptions regarding LCA aspects (e.g. the debate on N,O emissions from
fertilisers) and differing methodological choices (e.g. allocation of co-products which are usually
allocated based on the energy contents but other methods such as the more complex substitution
approach are possible) are shown to alter the results considerably.

Figure 4-5 Biofuels Directive: sensitivity analysis for the different factors affecting the CO, savings (Mt
CO2 equ. in 2007 for the EU27)

25
21.3
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16.9
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5
0 ,
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Gross Savings Net Savings Variation on Net  Variations due Variations due
(Substitution of including LCA Savings due to to co-product to uncertainties
fossil transport effects, but variations in allocation in N20O
fuels) excluding LUC feedstocks methodologies  emissions from
across fertilizer use
countries

Note: The dotted red line represents the result derived using EU average conditions. Variations due to
methodological choices are shown as red arrows. Variations due to data issues are shown as green arrows.

With the possible growth of the share of biofuels of 2.6% in 2007 to the planned 5.75% in 2010 and
the proposed 10% in 2020, more complications arise for the methodological aspects related to GHG
impact quantification in relation to the issue of land-use change. However, displacement effects
through indirect land-use change are particularly difficult to establish. Therefore, careful analysis of
such impacts is more necessary than in the past and this issue dominates the current debate on
biofuels.

In terms of the policy cost-effectiveness, biofuels are more expensive than conventional transport

fuels. Therefore financial support schemes had to be introduced at Member State level. In the
Concawe/Euc ar / JRC (2007) study costs of biofuels have
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scenario of 50%/ bbl, f e wy, gtilpniuchdiigher than tlee currandvalue oflGDY G/t  CC
of 15-2 5 , but in the range of other alternatives for reducing GHG emission and oil dependency in
the transport sector.
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4.3 Energy sector and Industry

The overall trends in energy-related emissions the energy sector, district heating sector and industry
sector have been examined using a modified version of the PRIMES model. A decomposition analysis
has been performed to examine the key factors that have influenced the trends in emissions, within
the sector, between 2000 and 2005.

In the power generation sector (see Figure 4-6) CO, emissions increased between 2000 and 2005 by
65.4 Mt CO2 (+5.2%), an increase solely attributed to activity growth in the sector which was partly
counterbalanced by improvements in terms of energy intensity as well as changes in the fuel mix
towards less carbon intensive energy forms.

Activity growth increased CO, emissions by +127.4 Mt CO,. There are three different factors driving

this increase: demographic changes (population growt
which are estimated to account for 14% of the increase, economic development which accounts for

56% of the increase and changes in the demand side fuel mix (driven by various factors such as

structural changes, behavioural patterns and fuel prices) which account for the remaining 30% of the

increase.

On the other hand the EU27 power generation system underwent significant improvements both in
terms of energy intensity (-32.1 Mt CO2) and changes in the fuel mix (-28.9 Mt COZ2). The increasing
role of natural gas in power generation (the share of which reaches 21% in 2005 from 16.8% in 2000)
involving investment and operation of new efficient natural gas power plants as well as the increasing
deployment of renewable energy sources (and especially wind turbines with an attributed efficiency of
100%) are the main factors that explain this development.

These factors, driven both by policies and exogenous factors, are illustrated below:

Figure 4-6  Decomposition analysis of power generation sector
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With regard to district heating, a strong decline in steam production (mainly due to the restructuring of
new Member States energy systems) is the key driver for the decline of CO, emissions in 2000-2005
(-11 Mt CO, or -23.3%). Thus, activity development in the sector has the most pronounced negative
effect (-9.6 Mt CO,) followed by changes in the fuel mix (-2.2 Mt CO,) whereas some slight worsening
of energy efficiency leads to an increase of CO, emissions (+0.8 Mt CO,).
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CO, emissions in industry exhibited a strong decline in the period 2000-2005 (-33.0 Mt CO2 or 5.3%).
On the basis of activity growth effects CO, emissions increased by 53.8 Mt CO, in 2000-2005 (22% of
this increase being attributed to population growth and the rest to economic developments). Structural
changes (involving shifts away from energy intensive industrial sectors and towards value added
intensive ones) had a negative effect on the evolution of CO, emissions (-16.2 Mt CO,). The role of
energy intensity gains is even more pronounced in reducing industrial CO, emissions (-40.7 Mt CO,).

Investment in more efficient technologies, the shift towards less energy intensive processes within
industrial sectors (e.g. increased role for electric arc processing instead of integrated steelworks in
iron and steel, significantly more pronounced growth for pharmaceuticals production compared to
basic chemicals) as well as the restructuring of the industrial sector in new Member States (involving
the closure or retrofitting of old inefficient industrial units but also the construction of new efficient
units) are the main drivers that lead to the improvement of energy intensity in the EU energy.

The changes in industrial production are also reflected on the fuel mix with demand for less carbon
intensive energy forms gaining additional market shares (demand for electricity, distributed steam and
biomass in industry exhibits a growth in 2000-2005 in industry compared to a decline for total industrial
energy demand; demand for natural gas declines less than that for solid and liquid fuels). Thus, the
carbon intensity of the EU industrial sector improves between 2000 and 2005 leading to a reduction of
CO, emissions due to changes in the fuel mix by -30 Mt CO,. The decomposition of CO,
developments in industry is illustrated in Figure 4-7.

Figure 4-7  Decomposition analysis of industry sector

700 -
680 16.2
(7]
660 z
g 40.7
640 <
=) = < 0
620 =4 = = £ 30.0
N o Q [+
£ ) = o
500 T8 Z 3 2 > z
S = c £ S
580 @ S 2 3 T
E < £ 3 =
560 w = @ o
N ) £ )
(@] c c 0
540 < w = @
@ £
: .
520 <
5 8
500

Source: PRIMES

The remaining challenge for policy modellers is to determine the extent to which individual policies
have been responsible for reducing activity growth, encouraging structural change, changes in fuel
mix or energy efficiency improvements.
The main policies considered in this sector under this study are:

0 The RES-E Directive

U The CHP Directive

0 TheEUETS

U The IPPC Directive

U The F-Gases Regulation
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4.3.1 Key results RES-E Directive (2001/77/EC)

The RES-E Directive defines indicative targets for the share of renewable electricity in gross electricity
consumption for all Member States. Furthermore it requires Member States to implement national
support schemes to promote renewable energy.

The RES-E Directive has been evaluated using a Tier 1, Tier 2 and Tier 3 approach. In addition, an
estimate of the impacts of the Directive has also been made using the PRIMES factor analysis.

The RES-E Directive has a direct impact on the emissions of the power sector. Since renewable
energy sources replace conventional power plants the corresponding emissions of the conventional
power plant will be avoided. Key parameters influencing the quantitative level of the impact are the
amount of renewable electricity generated based on the policy and the emission coefficient of the
replaced conventional power plant.

Emission factors differ significantly between the countries depending on the conventional power
system in each country. In the Tier 1 approach the emission factor of the EU-27 is used for all Member
States (Table 4-7). The average EU emission factor is strongly influenced by the low coefficient in
France, due to the high share of nuclear power in this country. Therefore the average EU-27 emission
coefficient is lower for all countries compared to the national value, except for France. In the Tier 2
approach and Tier 3 approach a Member State specific emission factor is applied.

Table 4-7 Key methodological choices RES-E Directive

Methodology Tier 1 Tier 2 Tier 3
Activity indicator kWh produced | kWh produced kWh produced
Emission factor (g CO2/kWh) EU average MS average MS average fossil park/
hourly short-term
marginal
Policy interaction:
+EU ETS no no yes
+ Other policies (e.g. taxation) no no screened
Interaction national RES-E policies no no
all RES-E after transposition of Directive yes
RES-E after Directive beyond trend (yes)
RES-E beyond trend (expert judgement) (yes)
Autonomous RES-E (profitable RES-E)
Large hydro yes yes yes
Other profitable RES-E no no (yes)
Impact of electricity imports/exports on no no (yes)
emission factor
Geographic factors (normalisation to climatic no no yes
conditions for hydro, wind, solar)
Timing issues / delay or announcement no no no
effects
Impact of other policies:
+ EU ETS no no yes
+ Other policies (e.g. taxation) no no screened

Note: Brackets mean that the issue is considered in principle but was not considered relevant for the ex-post
evaluation period investigated.

Overall, the RES-E Directive has the largest single impact of any of the measure evaluated under the
ECCP. Figure 4-8 illustrates a close match between ex-post savings for the policy in the latest year
and the European Co mantesstimaenfé 201® Ofi pgriiculea hote ésxthe sharp
increase in savings in recent years as additional capacity has been installed.

The results of the Tier 1, Tier 2 and Tier 3 approaches show significant differences, but are in the
same range. The main variable influencing the difference in the results is the emission factor.

The impact of the RES-E Directive across Member States differs significantly and scales directly with

the induced growth of renewable electricity in the Member States and with the carbon intensity of the
power system.
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Figure 4-8 RES-E Directive: Key results of the ex-post analysis in comparison with ex-ante estimates and inventory development
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Notes: Emission trends are shown on the primary axis while estimated policy savings are shown on the secondary axis. The final year for which ex-post estimates are available varies between policies.
See Table 4-1 for further details. The geographical coverage of ex-post policy savings varies due to data constraints and is detailed in the legend above. The results in this figure exclude large hydro.
2008 results are extrapolation of 2005 results, taking into account actual capacities of wind and solar power installed in 2008.
Sources: Policy savings for 2010 are European Commission ex-ante estimates while savings for historic years are ex-post estimates generated under this study. The source for absolute emissions is

the 2006 GHG inventory (EEA, 2008).
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Two key uncertainties exist with regard to the tiered approach for ex-post evaluation: the choice of
emission factor and the treatment of autonomous development.

Table 4-8 Key uncertainties RES-E Directive

Key uncertainties in data

None

Key uncertainties in methodologies

Choice of emission factor: Use of average emission factors versus hourly calculations.
Autonomous progress: Evaluation of the autonomous progress/impact of previous national policies
in the pre-Directive period.

The impact of using different assumptions regarding autonomous development, policy interaction and
emissions factor are illustrated below. This shows the impact of using specific methodological
assumptions, and the influence of data uncertainties, upon the overall results. The arrows show the
relative variability in the results depending upon the particular assumptions that are used. The results
represent the historic importance of the different factors. This does not necessarily mean that the
factors will have the same importance in the future.

Figure 4-9 RES-E Directive: Sensitivity analysis for the different factors affecting the cumulated GHG
savings (Mt CO2 equ. In 2005 for the EU27)
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analysis. Dashed arrows show an estimate of the variation, but the absolute value is much more uncertain.

It can be seen that normalisation according to the weather conditions (i.e. normalisation of the specific
year under investigation to a long term average) can amount to about plus/minus 10% of the total
emission savings calculated, depending of the specific RES-E portfolio of a country. The impact of
using an average emission factor instead of a marginal one can be substantial. For the EU-27 this
impact amounts to about one third of the total emissions. This is a very important factor which explains
the different results that are achieved from the different Tiered methods. The extent to which the
change in emissions is attributed to the RES-E Directive or to "independent” national policies can be
crucial. In the extreme case where all of the emissions impacts from RES-E are attributed to the
national policies the effect of the RES-E Directive would be zero. The impact of excluding the
contribution of large hydropower - as a way to account for autonomous progress - is substantial and
amounts to about 20% of the total emission reductions at EU-27 level. The EU ETS had in the past no
impact on the emission reductions by the RES-E Directive since additional support had to be given in
all countries in order to develop renewable electricity generation using specific support schemes.
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In terms of the cost-effectiveness of the RES-E directive then, in general, renewable energy sources
have caused additional generation costs when compared to conventional alternatives. Therefore
financial support schemes had to be introduced at Member State level. These support schemes can
now be evaluated regarding their policy costs. Such evaluations have been performed in different
communications of the European Commission, e.g. SEC(2008)57, COM(2005)627. One general
conclusion from these evaluations is that technology specific support schemes, which give long term
price guarantees for investors, tend to be more cost effective than technology neutral instruments.
Although this has not been an issue studied in this project. The additional generation costs of
renewable energy sources triggered by the RES-E Directive can be estimated at the order of 1 billion
G i n 2005 -27. & has tb heeemphasised, however, that renewable energy sources also bring
additional benefits such as increased security of supply.

4.3.2 Key results CHP Directive (2004/8/EC)

The CHP directive came into force in 2004. The purpose of the directive is to increase energy
efficiency and security of supply by creating a framework for promotion and development of high
efficiency cogeneration.

As a requirement of the CHP Directive, Member States have started to collect CHP statistics on a
structural and harmonised basis. Currently, for the period 2004-2006 a comparable dataset is
available for all EU-27 Member States. This dataset does however not allow the assessment of the
impact of the CHP Directive for several reasons:

U Due to a lack of historical data it is difficult to determine the impacts of the Directive over and
above what would have happened anyway (i.e. the counter-factual).

U Implementation of the CHP Directive has been delayed; the CHP Directive is unlikely to lead
to a direct impact (over and above national policies) until at least 2009. Any impact of the CHP
Directive, therefore, can only be analysed from 2011 on, when 2009 statistics will become
available.

For these two reasons the analysis has been limited to a Tier 1 assessment. Overall, it can be argued
that the Tier 1 results should not be considered a policy impact assessment. It is impossible, based on
aggregated statistics only, to split any policy effect (whether national or European) from other effects
such as autonomous development of CHP, changing economic activity from year to year in sectors
that apply CHP, cold winters versus warm winters (relevant for district heating plants) etc. What Tier 1
does show us is the contribution of CHP to climate policy objectives regardless whether this
contribution is induced by the CHP Directive or not.

Table 4-9 Key methodological choices CHP Directive

Methodology Tier 1 Tier 2 * Tier 3*
Activity indicator CHP electricity CHP electricity CHP electricity
Emission factor (g CO2/kWh) EU average MS average MS average fossil
park/
hourly short-term
marginal
Autonomous CHP deployment No First order yes
Policy interaction:
+ Interaction with other ECCP policies no no yes
(decomposition of European policy impact)
+ Decomposition of European versus no yes yes
national policy impact
+ Quantify the impact of feed-in subsidies no no first order
(operational support)
Geographic factors (normalisation to climatic no yes yes
conditions for space heating)
Timing issues / delay / announcement effects delay taken into account
Other factors being relevant for CHP:
+ Identify upcoming CHP technologies no yes yes
+ Correction for base/target year deviations no first order yes

*  The Tier 2 and 3 approaches could not be further elaborated in the course of this study.
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Figure 4-10 CHP Directive: Key results of the ex-post analysis in comparison with ex-ante estimates and inventory development

Restricted - Commercial
AEA/EDO05611/Final Report

2,500 +

2,000 +

1,000 +

construction (Mt CO2eq.)

500 +

1,500 W

- 120

T

100

80

T

Formal

policy
start

Absolute emissionsfrom public electricity and heat
production and manufacturing industries and

1990
1991
1992
1993
1994

mmm EU27 Tier 1 policy saving

= EUL5 (ex -ante) policy saving

1995

1996
1997
1998
1999
2000
2001
2002
2003

B EU27 Tier 2 policy saving
—~EU15 actual emissions

2004
2005

2006
2007
2008
2009
2010

B EU27 Tier 3 policy saving
=¥ EU27 actual emissions

(*bazoD 1N) @An%a11g uonelauabod ayi Jo
1INsaJe sk suoIssiwa ulabueyd parewns3y

Notes: Emission trends are shown on the primary axis while estimated policy savings are shown on the secondary axis. The final year for which ex-post estimates are available varies between policies.
See Table 4-1 for further details. The geographical coverage of ex-post policy savings varies due to data constraints and is detailed in the legend above. The CHP Directive may also influence the
following inventory activities (but to less a degree that for the two sectors presented in the graph: 1.A.4 (Fuel Combustion Activities T other Sectors) and 1.A.5 (Fuel Combustion Activities - non-

specified).

Sources: Policy savings for 2010 are European Commission ex-ante estimates while savings for historic years are ex-post estimates generated under this study. The source for absolute emissions is

the 2006 GHG inventory (EEA, 2008).
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At the EU-27 level the CO, savings from CHP grew strongly (+44%) between 2005 and 2006. In 2006
CHP contributed more than 60 Mt of CO, savings to the European climate change objectives as
compared to 40 Mt in 2004. However, the increased CO, savings for most Member States can be
explained by the higher EU average CO, emission factor for electricity in 2006. Only Germany and
Italy also show increased CO, savings in the period 2004-2006 when correcting for the higher
emission factor. This immediately shows how sensitive the calculation outcomes are for the reference

development.

Table 4-10 Key uncertainties CHP Directive

Key uncertainties in data

Autonomous progress: Member States have started to collect CHP statistics on a structural and
harmonised base. However, no similar data collection is available for the pre-Directive period before
2004. This is a strong obstacle to the evaluation of the autonomous progress/impact of previous
national policies in the pre-Directive period.

Key uncertainties in methodologies

Choice of emission factor: The result obtained for Tier 1 is rather sensitive to the reference CO;
emission factor for electricity, the assumed overall efficiency for calculating CHP fuel from total fuel,

Both the separate and combined effect of these indicators can either lead to overall savings of over
100 Mt or even negative overall savings for 2006 (both as compared to no CHP at all. The most
important sensitivities are:

2. Using national emission factors instead of an EU average emission factor.

3. Using a marginal approach instead of an average emission factor.

4. Using 85% overall CHP efficiency to calculate the CHP fuel instead of 75%.

5. Using 90% reference heat efficiency instead of 85%.

6. Using 70 kg CO2 /GJ as fuel emission factor for CHP (weighted average of the emission factors of
the fuels used for CHP production) instead of 56.8 kg/GJ (natural gas as reference fuel for CHP).

the reference efficiency value for heat production and the assumed CO; emission factor for CHP fuel.

1. Using a fixed (base year) EU average emission factor instead of a moving average emission factor.

Figure 4-11 CHP: Sensitivity analysis for the different factors affecting the cumulated GHG savings
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Figure 4-12 Impact of applying a national emission factor for electricity production instead of an EU
average for France and Romania
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In terms of the cost-effectiveness of CHP policies, the Energy research Centre of the Netherlands
(ECN) has analysed the cost-effectiveness of the feed-in subsidy in the Netherlands.” Calculations
show that cost-effectiveness is 25 euro/ton CO2 saved. An earlier study of ECN included a full in-
depth analysis of the costs for national CHP policies.52 For the period 1990-2000 the cost-
effectiveness of CHP policies amounted to 10 euro/ton CO2 saved.

4.3.3 Key results: EU ETS Directive (2003/87/EC)

Directive 2003/87/EC, commonly known as the ETS Directive, introduces a mandatory cap-and-trade
system for GHGs for the energy sector (power plants, refineries, coke ovens, other combustion
installations) and the energy-intensive industry (iron & steel, cement, ceramics, pulp & paper).

The Directive has been evaluated using a Tier 1, Tier 2 and Tier 3 approach.

The Tier 1/2 approach as explored in this evaluation provides results which are not realistic. In general
the impact estimates are far too high. This is due to the complexity of the EU ETS. The intensity
approach leads to savings of nearly 79 Mt CO,eq. in 2006 for the set of 10 countries investigated as
compared to 2005. This is certainly too high and is caused by the fact that the data delimitation in the
inventories and in the activity indicators are not very consistent due to the high level of aggregation in
the data. The direct projection of the inventories without making use of activity data leads to more
realistic results of 22 Mt for the 10 countries but is not satisfactory from the methodological point of
view. Refinements may be possible on the Tier 1/2 approach but in order to achieve realistic results it
is most likely that so many corrections have to be applied that one has gone a good deal of the way to
a Tier 3 approach anyhow.

The Tier 3 approach has delivered realistic results for the two examples chosen here: the dispatching
in the power sector (3.6 Mt CO, savings in 2006 compared to 2005) and the impacts in the cement
sector in Germany (0.12 Mt from direct impacts of the ETS and 0.77 Mt from indirect impacts of the
ETS on production volumes). The result for the impact of dispatching in the power sector depends
strongly on the actual CO, prices on the market and the relative prices of energy carriers: in 2005

SLECN (2004) Milieukosten energiemaatregelen 1990-2010. Overzicht kosten en mogelijke verbeteringen in de monitoring.
52 ECN (2002) Besparingstrends 1990-2000. Besparing, instrumenten en effectiviteit.
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gas prices in 2006, slight decrease in hard coal prices in 2006).

The calculations in the Tier 3 approach are fairly complex and require substantial amount of additional
data. Given the fact that the EU ETS is a major instrument within the ECCP, however, there is no way
around the use, and further development, of a more refined approach. Current models, such as
PRIMES are not well adapted to capture the multitude of effects. So more dedicated models need to
be developed such as an hourly dispatching model for the European power sector exemplified here
with the PowerAce model for Germany, as well as econometric approaches in the case of industrial
sectors. These models need to be gauged to the CO, registries which provide more and more

information over time.
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there was mainly a switch to gas, in 2006 mainly a switch of lignite to hard coal (Reason: Increasing

Table 4-11  Key methodological choices EU ETS Directive
Methodology Tier 1 Tier 2 * Tier 3
Activity indicator Value added kWh produced kWh produced/
t of product
Emission factor (g CO2/kWh) EU average MS average MS average fossil
park/
hourly short-term
marginal
Approach Statistical Statistical Model-based Energy
approach approach sector: PowerAce
Industry:
Econometric model
Policy interaction:
+ RES-E Directive yes yes yes
+ Energy efficiency policies no no yes
Autonomous development yes (at aggre- yes (at aggre- yes
gate level) gate level)
Impact of energy prices no no yes
Indirect impacts (reduced industry. production) | yes (implicitly) yes (implicitly) yes (explicitly)
Geographic factors (normalisation to climatic yes yes yes
conditions for renewables)
Timing issues / delay / announcement effects no no no
Structural change no no Ind. sector

*  Elaborating a Tier 2 approach did not appear as attractive as any substantial improvement over Tier 1 would

lead inevitable to a Tier 3 approach given the complexity of the policy measure.
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Figure 4-13 EU ETS Directive: Key results of the ex-post analysis in comparison with ex-ante estimates and inventory development
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Notes: Emission trends are shown on the primary axis while estimated policy savings are shown on the secondary axis. The final year for which ex-post estimates are available varies between policies.
See Table 4-1 for further details. The geographical coverage of ex-post policy savings varies due to data constraints and is detailed in the legend above. The figure also includes data from the
Community Independent Transaction Log CITL.

Sources: Policy savings for 2010 are European Commission ex-ante estimates while savings for historic years are ex-post estimates generated under this study. The source for absolute emissions is
the 2006 GHG inventory (EEA, 2008).
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Key uncertainties EU ETS Directive

Key uncertainties in data

Elasticities:

to evaluate demand reduction effects.

Cost pass through: for carbon prices.

Autonomous progress: evaluation of the autonomous progress/impact of previous national policies
in the pre-Directive period.

Key uncertainties in methodologies

Choice of emission factors: use of average emission factors versus hourly calculations.

Interaction with other key policies: such as RES-E or energy efficiency policies

To illustrate the impact of the various blocks on indirect (i.e. demand-induced) and direct emission
reductions, the values for the key parameters are varied. Figure 4-14 shows the results compared to
the reference case, when the elasticity of demand is high (i.e. 0.8 rather than 0.27), when 25 percent
or 75 percent of the additional (average) costs are passed on to consumers (rather than 50 percent),
and when this cost increase is 10% and 66% (rather than 28%).

Figure 4-14
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EU ETS Directive: Sensitivity analysis for the different factors affecting the cumulated GHG
savings (case of German clinker production, 2006): first graph for demand induced
emissions savings in the German clinker production, second graph for direct effect of EU
ETS on emissions savings in the German clinker production

Sensitivity analysis tor demand induced emission savings
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Sensitivity analysis for autonomous technological change and fuel-cost effects
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The arguments in favour of market-based instruments such as tradable allowances to generate a
strong carbon price signal are well-known:
U They use market forces and all the information at the disposal of economic agents to improve
the allocation of scarce resources;
U They can provide firms with flexibility to meet regulatory requirements;
0 By allowing greater flexibility they ensure better efficiency through lower compliance costs;
0 Inthe longer-term they encourage innovation and technological development

However, quantitative ex-post estimates on the actual costs of the EU ETS to date are more limited.
4.3.4 Key results IPCC Directive (96/61/EC)

The IPPC Directive has been evaluated using a Tier 1 approach only.

The development and testing of a Tier 1 methodology for IPPC has proved challenging. The results
have highlighted several methodological difficulties which require more in-depth analyses at Member
State, sector and installation level in order to be resolved. This would require further data collection
and a much more refined methodology.

The current Tier 1 methodology uses GHG emissions inventory data and production indices to
calculate changes in emissions intensity over time which may have been affected by the Directive. It is
assumed that following the implementation of the Directive all changes in emissions intensity are
attributed IPPC i.e. the Directive is assumed to be the single driving influence on changes in the
emissions intensity within the given sectors. This is consistent with the top-down methodology that has
been applied for the other polices at a Tier 1 level.

However, this simplified approach does not adequately represent a number of important factors
relevant to an evaluation of the IPPC Directive. In particular:

e The aggregate statistics do not allow emissions and activities associated with installations
covered IPPC to be isolated from non-IPPC installations and non IPPC activities.

e No adjustments have been made for the influence of other policies on the overall trend in
emissions from the installations considered.

e No adjustments have been made for autonomous progress (i.e. the influence of on-going
technological innovation on the trend in emissions)
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e No adjustments have been made for structural changes in activity data (i.e. changes in
production processes, closure of facilities)
e No adjustments have been made for other exogenous factors such as energy prices.

These factors would ideally be addressed as part of a Tier 3 approach, as illustrated in the table

below.

Table 4-13 Key methodological choices IPPC Directive

Approach Tier 1 Tier 2 Tier 3 *
Industrial Industrial production Installation or

Activity indicator

industry specific

production index index S
activity data.
Emission factor (g CO.eg/unit of activity) EU average EU average MS specific
Policy interaction (Policy overlaps with
Large Combustion Plant Directive LCPD, no no es
Waste Incineration Directive WID, Landfill y
Directive, VOC, EU ETS.)
Autonomous_de_velopment (previous trend no yes yes
in related emissions)
Structural effects no no yes (if data ?”OWS
for corrections)
Geographic factors no no no
Timing issues / delay or announcement no Consideration of MS implementation date
effects and new vs existing installation effects.
Source data Eurostat/UNFCCC Eurostat/UNFCCC Installation or

industry specific

* The Tier 3 approach could not be further elaborated in the course of this study.

The Tier 1 methodology can help to explain, to some extent, the trends in emission intensity in the
sectors concerned. However, the results derived are likely to overestimate the true impacts of the
policy. Further analysis is required to isolate the policy impacts from the other drivers of emissions in

the sectors concerned.

On this basis, and taking into account the complexity of the sectors and the simplicity of the approach,
we do not consider the results sufficiently robust to recommend the use of a Tier 1 approach to
quantify the impacts of the IPPC Directive. A more sophisticated, Tier 3, methodology would need
to be developed in order to move towards a more accurate estimate the of the policy impact.
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Figure 4-15 IPPC Directive: Key results of the ex-post analysis in comparison with ex-ante estimates and inventory development
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Notes: Emission trends are shown on the primary axis while estimated policy savings are shown on the secondary axis. The final year for which ex-post estimates are available varies between policies.
See Table 4-1 for further details. The geographical coverage of ex-post policy savings varies due to data constraints and is detailed in the legend above.

Sources: Policy savings for 2010 are European Commission ex-ante estimates while savings for historic years are ex-post estimates generated under this study. The source for absolute emissions is
the 2006 GHG inventory (EEA, 2008).
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Table 4-14  Key uncertainties IPPC Directive

Key uncertainties in data

Installation data: identification of installations under IPPC

Policy implementation: Knowledge on the implementation of the IPPC Directive in the MS

Key uncertainties in methodologies

Autonomous progress: assumptions made on the pre-Directive trends

Policy overlaps: specifically the overlap with the Large Combustion Plant Directive LCPD, Waste Incineration

Directive WID, Landfill Directive, the VOC policies, the EU Emission Trading Scheme ETS.

No quantitative estimates were identified on the cost-effectiveness of the IPPC Directive in delivering
GHG emissions reductions.

4.3.5 Key results F-Gases Regulation (EC No. 842/2006)

Regulation (EC) No. 842/2006 aims to reduce emissions of the fluorinated greenhouse gases covered
by the Kyoto Protocol by addressing various different sectors and appliances that use fluorinated
greenhouse gases (Hydrofluorocarbons HFCs, Perfluorocarbons PFCs Sulphur hexafluoride SFg).

Due to the heterogeneity and complexity of the affected sectors a simple top-down assessment (i.e. a
Tier 1 or Tier 2 approach) would not lead to a realistic assessment of the impact of this policy. Such

approach could only be applied to a smal/l number

The Refrigeration and Air conditioning sector can be seen as a key category for most of the countries.
It accounts to approximately 65% of the total F-Gas emissions of the EU-27. However this is a very
heterogeneous sector as it consists of several different subsectors such as domestic refrigeration,
commercial refrigeration, transport refrigeration, industrial refrigeration, stationary and mobile air
conditioning. Therefore an assessment of this sector especially in terms of the impact of the
Regulation with a simple top-down approach is rather not possible. Other bigger emission sources are
the aluminium industry, emissions from foam blowing and emissions from the use of gas insulated
switchgear.

A Tier 3 approach, applied at sub-category level, appears the most appropriate to capture the
interactions between the policy and F-Gas emissions. Undertaking such assessment, however, would
require a significant amount of data that are currently not available. Therefore no adequate results
could be calculated in the scope of this study. As the policy on F-gases also mandates the collection
of some critical data, the required review of the regulation by July 2011 will offer the opportunity to
undertake a more detailed assessment of the impact of the regulation.
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Table 4-15 Key methodological choices F-Gases Regulation

Approach Tier 1 Tier 2 Tier 3
Activity indicator Aggregated activity data in Disaggregated Detailed consumption and
National Inventory Submissi- | Inventory consumption and | stock data disaggregated on
ons to UNFCCC stock data on sub- each sub-application
Annual chemical application level. reported to the MS.

consumption data and stock
data (banks) derived from
annual consumption data

Emission factor Emission factors (e.g. Country specific emission

leakage rate) from the 2006 factors per sub application.

IPCC Guidelines for National
Greenhouse Gas

Inventories.
Policy interaction™ no no yes
Autonomous Current formula assumes In absence of the F-Gas In absence of the Regulation
development activity data are not affected regulation activity data Activity data would increase.
by the regulation and that would increase Main drivers are GDP
per activity, leakage rates of | proportionate to GDP growth | growth and the phase out of
F-gasses would remain of the member states. ozone depleting substances
constant in absence of the Leakage rates are assumed due to Regulation (EC) No
regulation to remain constant. 2037/2000

Whilst no ex-post estimate of the impacts of the F-gas regulation has been possible the figure below
shows the historical trend in emissions and the Co mmi s sex-ante@stimate of the impacts of the
regulation on emissions in 2010. It is clear that the regulation has the potential to have a significant
impact on European emissions from these sources.

The main uncertainty with respect to the F-Gas Regulation is the availability of data required for a
robust evaluation.

Table 4-16  Key uncertainties F-Gas "Regulation

Key uncertainties in data

Data availability for F-Gases in MS: To gain an overviewofthe F-gas r egul ati onés
emission reductions member states and the European Commission should focus on the creation of an
adequate and cost effective way to assemble required data on sub-application level. Through
reporting obligations for system operators of refrigeration, air conditioning and heat pump equipment,
as well as fire protection systems containing 3 kg or more of fluorinated greenhouse gases detailed
data will be available for each appliance. This data should be made available for the impact
assessment. How this could work has yet to be assessed and will be a key question for the review of
the regulation according to article 10

Timing issues: information on the implementation of the regulation in MS.

Key uncertainties in methodologies

Autonomous progress: assumptions made on the pre-Directive trends

No quantitative estimates were identified on the ex-post costs of implementing the F-gas regulations.

3 There is no overlap between this regulation and other EU climate policy directives. However Regulation (EC) No 2037/2000 on substances that
deplete the ozone layer has a certain impact on the use of fluorinated greenhouse gases, as many of the F-Gases used are substitutes for ozone
depleting substances. Before the introduction of the Regulation some Member States had already introduced national policies to stimulate the
reduction of F-gases (i.e. policy to restrict the use of F-gas in certain applications, policy instruments to address containment including taxation of
fluids).
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Figure 4-16 F-Gas Regulation: Key results of the ex-post analysis in comparison with ex-ante estimates and inventory development
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Notes: Emission trends are shown on the primary axis while estimated policy savings are shown on the secondary axis. The final year for which ex-post estimates are available varies between policies.
See Table 4-1 for further details. The geographical coverage of ex-post policy savings varies due to data constraints and is detailed in the legend above.

Sources: Policy savings for 2010 are European Commission ex-ante estimates while savings for historic years are ex-post estimates generated under this study. The source for absolute emissions is
the 2006 GHG inventory (EEA, 2008).
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4.4 Households and Service Sector

The decomposition analysis at the sectoral level between 2000 and 2005 for key polices with the
PRIMES model shows the following main results for the residential sector (see Figure 4-17)

Both activity growth and energy intensity gains are calculated to lead to an increase of CO, emissions
(+27.1 and +5.4 Mt CO, respectively). Demographic changes account for 31% of the activity growth
related increase of emissions, the rest being the result of economic growth. Energy intensity in the
residential sector also worsens (consumption per household increases from 1.47 toe in 2000 to 1.49
toe in 2005) as efficiency improvements in the sector occurring both in heating/cooling uses as well as
in electric appliances are not enough to counterbalance the corresponding increase of energy
requirements of consumers. Changes in the fuel mix account for a reduction of CO, emissions by -
15.5 Mt CO, as carbon intensity in the residential sector improves. Thus, total CO, emissions in the
residential sector increase by +17 Mt CO, (or +3.6%) in 2000-2005.

Figure 4-17 Decomposition analysis of residential sector
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In the services sector CO2 emissions exhibited an increase of +12.6 Mt CO2 (+5.2%) in 2000-2005
(+14.8 Mt CO2 in services and -2.2 Mt CO2 in agriculture). As shown in Table 4-18, energy intensity
gains (-8.5 Mt CO2) and to a less extend changes in the fuel mix (-1 Mt CO2) partly counterbalanced
the activity growth effect (+22.1 Mt CO2, with demographic developments accounting for 20% of the
increase and economic growth for 80%) in the sector.
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Figure 4-18 Decomposition analysis of services sector
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The main policies considered in this sector in the further chapters are:
U The Energy Performance Directive for Buildings EPBD

U The Appliance Labelling Directive

4.4.1 Key results: Directive on Energy Performance of Buildings
(2002/91/EC)

The Energy Performance of Buildings Directive obliges Member States to introduce minimum energy
efficiency standards for existing, renovated and new residential and service buildings, introduce a
labelling system for existing buildings, set up a system for regular boiler and air conditioning
inspection.

The Directive has been evaluated using a Tier 1, Tier 2 and Tier 3 approach.

Given the fact that the application of this Directive is very recent and/or, in some patrts, it is not yet
implemented, it has not been possible to carry out a real ex-post evaluation of the policy impacts. The
evaluation has therefore taken the form of a simulation exercises in order to illustrate the ex-post
evaluation methods. The Tier 1 and 2 simulation exercises assume that impact of the EPBD, which
has been issued in 2002 was immediate and that all impact observed after 2002 was triggered by the
EPBD. This is clearly on overestimate although the EPBD has certainly had an influence on the
development of national building regulation issued between 2002 and 2006. In the Tier 3 approach the
impacts of the EPBD were simulated during the period 2004-2020 with the MURE building model. The
most important hypothesis for the simulation exercise is that the newest national building regulation
put in place after introduction of the EPBD is strongly influenced by the EU Directive.
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Table 4-17 provides a summary of the assumptions used to generate the results illustrated in Figure

4-19.
Table 4-17 Key methodological choices Energy Performance of Buildings Directive EPBD
Approach Tier 1 Tier 2 Tier 3

Activity indicator

Number of households
(Inventory 1.A.4.B.). Number
of employees (Inventory
1.A.4.A.). Estimate space
heat. shares.

Number of households and
development of square
metres.

Estimate of space heating
shares.

In addition data on building
stocks and technical charac-
teristics of existing, new,
refurbished buildings. Use of
MURE simulation model

Emission factor

(g COzeq/dwelling,
square metre or
employee)

Fuel specific emission
factors.

Fuel specific emission
factors.

Fuel specific emission
factors.

Aggregate average EU
emission factors for electric
space heating

Emissions for el. space
heating based on aggregate
data reported by MS to
UNFCCC

Short-term marginal
emission factor (hourly
model or approximation by
fossil fuel plants)

Policy interaction

Combined effect of closely
related national and EU
policies.

Combined effect of closely
related national and EU
policies.

Separation of national pro-
motion schemes by explicit
simulation of potentially
overlapping policies.

Autonomous
development

Correction for autonomous
progress/previous policies
included in a very
approximate manner by
assuming a fixed rate based
on the stock renewal and the
period 19902002 previous to
the EPBD.

Correction for autonomous
progress/previous policies
included in a very
approximate manner by
assuming a fixed rate based
on the stock renewal and the
period 19902002 previous to
the EPBD.

Adjustment for the increase
in household size, for the
shift in multi/single family

houses, change in age
structure. No adjustment for
increase in internal
temperatures and length of
heating period.

Structural effects

No adjustment for structural

Adjustment for the increase

yes (if data allows for

changes in the activity data in household size. corrections)
Geographic Adjustment for climatic Adjustment for climatic Adjustment for climatic
factors influence influence influence
Timing issues / Common implementation MS specific implementation Calculates policy impacts
delay or date at EU level, no date, no adjustment for from implementation date
announcement adjustment for implementation delays or within each MS. Adjustment
effects implementation delays or announcement effect. for implementation delays or

announcement effect.

announcement effect.

Other exogenous
factors

Non-compliance with
building regulation implicit in
statistical data

Non-compliance with
building regulation implicit in
statistical data

Non-compliance with
building regulation explicitly
modelled

No further adjustment for
exogenous factors

No further adjustment for
exogenous factors

Adjustment for impacts of
commodity prices for heating
on the autonomous uptake
of insulation measures.

The different tiered methodologies discussed for this policy deliver results for the sum of the
residential and service sector in the EU27 which differ substantially among each other. These
differences are explained by methodological differences and data issues.

In practice the Tier 1 and tier 2 results will overestimate the true impacts. Due to delays in
implementation the actual impact of the Directive in the period analysed by the methodologies (up to
2006) is likely to be zero. A more realistic representation of the actual policy impacts (in 2010) is
provided by the Tier 3 approach.
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Figure 4-19 Energy Performance Directive for Buildings EPBD: Key results of the ex-post analysis in comparison with ex-ante estimates and inventory development
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Notes: Emission trends are shown on the primary axis while estimated policy savings are shown on the secondary axis. The final year for which ex-post estimates are available varies between policies.
See Table 4-1 for further details. The geographical coverage of ex-post policy savings varies due to data constraints and is detailed in the legend above.

Sources: Policy savings for 2010 are European Commission ex-ante estimates while savings for historic years are ex-post estimates generated under this study. The source for absolute emissions is
the 2006 GHG inventory (EEA, 2008).
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Table 4-18 Key uncertainties Energy Performance Directive for Buildings EPBD

Key uncertainties in data

Building type data: Insufficient data on the penetration of more efficient building types (distribution of
energy performance certificates)

Policy overlap: Overlap with national support policies for buildings

Exogenous factors:

Inclusion of comfort factors such as increased square metres per building (Tier 1 approach), in
difference to Tier 2 and 3 approaches which make the comfort increase explicit and do not include
them into the impact estimate.

Non-compliance issues are included automatically in Tier 1 and 2 approaches while non-compliance
with building regulation is made explicit in the Tier 3 approach.

Emissions and emissions factors for this sector. For the purpose of this analysis we have used,
for consistency the data reported by Member States to the UNFCCC. However, there is large
uncertainty in both the activity data and the emissions factors themselves. Whilst this does not
necessarily impact upon the current analysis, for future evaluations, the methodologies will need to be
updated to reflect future advancement in this area.

Key uncertainties in methods

Autonomous progress/previous policies:

In the Tier 3 approach autonomous progress/previous policies is modelled explicitly by considering
the penetration of buildings obeying to the previous building regulation. For Tier 1 or 2 approaches
this is included by assuming a progress factor. For the residential sector for example 0.5% annual
improvement was chosen in agreement with the period 1990-2002.

Assumptions on the start of the policy impacts: while Tier 1 and 2 approaches assume an immediate
start of the impacts in 2002, the year when the EPBD has been accepted (there are some arguments
for this: the EPBD as an important EU policy had some effects on national legislation before it was
translated in all MS to national regulation). The Tier 3 approach looks on the contrary on the
implementation delays and thus models the EPBD impacts only in the period 2004-2020, assuming
that the main impacts of the EPBD are still in the future.

Imperfection of climatic correction: In the Tier 1 and 2 approach, given that this is a statistical
approach, without averaging over several years, for smaller countries and in early stages, when
savings are still small, the fluctuations in the impact results may reach quite considerable levels.
Differences in emission factors for electric heating: only important for countries with high shares of
electric space heating or high shares of district heating

The figure below shows the impact of using specific methodological assumptions, and the influence of
data uncertainties, upon the overall results. The arrows show the relative variability in the results
depending upon the particular assumptions that are used. The results represent the historic
importance of the different factors. This does not necessarily mean that the factors will have the same
importance in the future.

It can be seen that a variety of factors may have substantial impacts on the results. Of particular
importance is the approach that is used for climate correction and the influence of national policies.
Also key methodological assumptions with respect to the start date of the policy (i.e. implementation
delays) and compliance/enforcement can also influence strongly the final results.
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Figure 4-20 Energy Performance for Buildings Directive EPBD: Sensitivity analysis for the different
factors affecting the cumulated GHG savings (2006/2020)

Result Tier 2 Comfort Autonomous Climatic Overlap with Emission factors  Results Tier 3 Results Tier 3
Factors progress/prev correction  National policies for electric (EU27,2020) incl.  (EU27,2020) excl
(EU27) (Tierl policies. heating non- compliance  non- compliance

Notes: Variations due to methodological choices are in red. Variations due to data issues are in green. Solid
arrows represent an absolute assessment of the variation, as calculated in the current analysis. Dashed arrows
show an estimate of the variation, but the absolute value is much more uncertain. “ e.g. increase m2/dwelling
included

In terms of cost-effectiveness then, in general, savings on buildings envelopes belong to the most cost

effective options to avoid CO, emissions, although very high performing buildings may still come at a
positive cost. The ex-post costs of the EPBD to date have not been examined further in this study.
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4.4.2 Key results Appliance Labelling Directive (92/75/EEC)

The Appliance Labelling Directive introduces a common format for the labelling of energy consumption
information concerning household appliances such as refrigerators, freezers and their combinations,
washing machines, driers and their combinations, dishwashers, ovens, water heaters and hot-water

storage appliances, lighting sources, air-conditioning appliances

The Directive has been evaluated using a Tier 1, Tier 2 and Tier 3 approach.

Table 4-19 Key methodological choices Appliance Labelling Directive
Approach Tier 1 Tier 2 Tier 3
Activity indicator Number of Number of Number of asppli-
households.>* households and ances. °

appliance ownership.

synergy with national promotion
schemes)

Emission factor (g COzeq/kWh EU average MS average MS average fossil
saved) park/ hourly short-

term marginal
Policy interaction (in particular no no yes

Autonomous development (i.e.

yes (at aggregated

yes (at appliance

yes (at appliance

improvement of appliances in the level) level) level)
pre-Directive period))

Structural effects (e.g. adjustment no yes (if data allows for | yes (if data allows for
for structural changes due to corrections) corrections)
changes in ownership)

Geographic factors (e.g. adjustment no yes yes

for climatic variation for electric

heating)

Timing issues / delay or Same start date MS specific MS specific

announcement effects
Other exogenous factors: impacts of no no yes
commodity prices (electricity prices)
but impact small

The results derived are reasonably close for each of the tiered methodologies, providing confidence in
the results from the more simplistic approaches. The size of the CO, savings indicates that the
Labelling Directive has a fAmedium si zEDirdctmp act 0

A key factor that influenced the results derived was the assumed level of autonomous progress.
Autonomous improvements in the efficiency of appliances are potentially important, so if uncorrected
the evaluation results are likely to represent an upper limit for the quantitative impact estimate.

Autonomous progress can be estimated by extrapolating pre-Directive trends in appliance efficiency.
However, this was limited because appliance data before 1994, the start of the first implementing
Directive to the Labelling Directive (for cooling appliances), are relatively scarce. In addition, the
progress in this pre-Directive period might not necessarily be representative of the later progress (i.e.
if the earlier efficiency improvements were easier to achieve). It was found that autonomous progress
should not be estimated over a long period, if at all, otherwise the policy impact calculated will be
close to zero.

The choice of the emission factor for electricity savings (average versus marginal emission factor) was
also found to have a significant influence on the impact evaluation. Emission factors differ significantly
between the countries depending on the conventional power system in each country. Therefore, the
result from using an EU average factor was very different from applying a member state specific
factor.

A further adjustment was the separation of the impacts of the Directive from national support policies.
This was done by comparing countries or set of countries with and without supporting policies.

54 Appliances not treated individually. No separation of appliances not subject to labelling.
%5 As Tier 2 but including sales data per appliance and data on split by efficiency class. Use of a stock model.
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Figure 4-21 Appliance Labelling Directive: Key results of the ex-post analysis in comparison with ex-ante estimates and inventory development
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Notes: Emission trends are shown on the primary axis while estimated policy savings are shown on the secondary axis. The final year for which ex-post estimates are available varies between policies.
See Table 4-1 for further details. The geographical coverage of ex-post policy savings varies due to data constraints and is detailed in the legend above.

Sources: Policy savings for 2010 are European Commission ex-ante estimates while savings for historic years are ex-post estimates generated under this study. The source for absolute emissions is
the 2006 GHG inventory (EEA, 2008).
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