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Executive Summary

Background and objective of the study

As climate change policies of international, European and national scale have been
actively implemented for a number of years by now, the ability to assess the effective-
ness of such policies and measures on greenhouse gas emissions has become in-
creasingly important. Previous studies have recognized a significant variability in the
implementation of policies and measures among the Member States (MS) as well as in
actual emissions trends for different sectors in MS. They have also shown the difficulty
to thoroughly assess the quantitative impacts of individual polices and measures to
mitigate greenhouse gas emissions both at EU and Member States levels. These con-
straints make it difficult to identify the most effective policy instruments in order to re-
duce greenhouse gas (GHG) emissions in a particular sector and the most efficient
distribution of efforts among sectors, in order for the EU to reach its targets.

At present the ex-post assessment of policies and measure remains subject to a num-
ber of shortcomings. For example, reported information on policies and measures is
often limited to qualitative appraisals and lacks the assessment of quantitative impacts.
Furthermore, ex-post evaluations are currently not conducted and reported in a consis-
tent way by Member States. Moreover, a more thorough ex-post evaluation of policies
and measures at the Member State level is necessary for the improved analysis of the
opportunities for further development and refinement of EU and national climate
change policies. Another current shortcoming is that the indirect effects of other poli-
cies, overlapping and rebound effects are often neither recognized nor quantified in the
assessment of climate change policies and measures. Another area where significantly
more work is needed is the development of methodologies to quantify the social costs
and benefits of specific climate change policies and measures. Also, the variation of
experiences and responsibilities with respect to monitoring, evaluation, statistical data
among different MS is large and needs to be addressed.

The current study builds upon these insights as well as upon an initial study commis-
sioned by the EU to develop methodologies for the ex-post evaluation of mitigation
policies’. This study aims at

e Further refining and improving the methodologies developed for the ex-post
quantification of policies and measures.

e Providing a critical overview of existing methodologies and recommendations to
assess ex-post the effects, socio-economic costs and efficiency of policies and
measures.

' AEA, Ecofys, Fraunhofer ISI (2009) ‘Quantification of the effects on greenhouse gas emissions

of policies and measures™, study prepared for the European Commission
(http://ec.europa.eu/clima/policies/g-gas/studies_en.htm).
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Testing the refined and improved methodologies for selected Member States
and selected policies in each MS

Improving monitoring and reporting of the effects and efficiency of policies and
measures ex-post.

The study aims to support Member States and the European Commission in assessing
ex-post the efficiency and effectiveness of individual policies and measures. As such
the study aims to provide guidelines and recommendations to assess the environ-
mental impacts and socio-economic effects of policies and measures. It is set up
around seven tasks.

Task 1 Critical overview of existing methodologies to quantify ex-post the direct
and indirect socio-economic costs of climate change policies and measures
aims at providing recommendations for performing ex-post assessments of di-
rect and indirect socio-economic costs and efficiency at the EU and Member
State level.

Task 2 Review and assessment of the results and methodologies developed
under the project ‘Quantification of the effects on greenhouse gas emissions of
policies and measures’ aims at providing revised and improved methodologies
for the ex-post quantification of the effects of specific policies and measures”.

Task 3 Testing of methodologies focuses on testing of the improved and refined
methodologies for the assessment of environmental and economic impacts, in
an iterative way for 2-5 Member States and policies and measures.

Task 4 Proposal of indicators aims to identify suitable indicators that allow moni-
toring of progress in the implementation of policies besides the direct quantified
ex-post effects of policies and measures.

Task 5 Quality assurance and quality control (QA/QC) checks elaborates con-
crete proposal of QA/QC checks to be performed by MS as well as at the
Commission level.

Task 6 Recommendations for the enhancement of reporting requirements under
the Monitoring Mechanism Decision tackles proposal for specific legal require-
ments to be integrated in the revision of decisions 280/2004/EC and its imple-
menting provisions (Decision 2005/166) that are currently elaborated by the
Commission.

Task 7 Monitoring and data collection strategies derives proposals of monitoring
and data collection strategies.

In terms of methodological approach, the study builds upon the integrated, tiered ap-
proach developed within the AEA et al. (2009) study. It borrows from the principles in
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the IPCC Guidelines for National GHG inventories? and provides three tier levels that
differ in detail and complexity with increasing data intensity, resolution of analysis in
terms of depth and breadth, accuracy of estimates and resource requirements from
Tier 1 to Tier 3.

Overview of methodologies to quantify the socio-economic costs of cli-
mate change policies and measures

Background

This task provides a critical overview of existing methodologies and applications to
quantify ex-post the direct and indirect socio-economic costs of climate change policies
and measures at MS and the EU level. In order to relate these socio-economic costs to
the efficiency of policies and measures in terms of emissions reductions, a combination
of the methodologies to quantify costs and those that quantify emission reductions is
required. This can be achieved within the same modelling approach for some method-
ologies and through a combination of results from different models for other method-
ologies. The critical overview in this Task also takes into account experience and ex-
amples that were gained with the methodologies and applications of such methodolo-
gies for previous ex-post or ex-ante analyses. The overview ultimately aims to provide
practical guidance on the necessary steps and procedures to assess ex-post the effi-
ciency of policies and measures. This includes guidance on whether a cost component
is relevant for a given policy, selecting the appropriate assessment methodology to
tackle a particular cost type, the data needs, good practices for such estimation, as well
as potential gaps or caveats that could prevent a detailed and comprehensive analysis.

Findings

The overview reveals that it is advisable to start with the following questions when con-
ducting an assessment:

e What types of costs are covered?

o Whatis the policy area?

e Desired degree of accuracy in results

o Level of sectoral detail (and possibly geographical detail)

These questions must in turn be matched against the available resources. Moreover,
often there are substantial trade-offs. For example, an assessment approach that pro-
vides the greatest level of detail in a single sector is more likely to neglect other sec-
tors. These trade-offs can essentially be reduced to three types:

e Depth of analysis (detail and complexity)

2 |PCC guidelines for National GHG Inventories, (2006), http://www.ipcc-
nggip.iges.or.jp/public/2006gl/index.html.
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e Breadth of analysis (coverage of sectors and regions)
¢ Resources required (data, time, know-how, ease of interpretation of results)

It can be concluded that as the breadth increases, the depth of the analysis tends to
decrease, as the assessment approach applies a ‘lowest common denominator’ ap-
proach, so that it can apply the same methodology to all regions/sectors. The level of
resources required tends to increase in line with both the depth and the breadth of the
analysis. Linking different assessment methodologies would be an approach that aims
to maximise both depth and breadth, but comes with substantial resource requirements
attached.

It is a challenge to include all these dimensions and their trade-offs into a practical
guidebook or recommendation. There is no “one size fits all” solution. However, the
following steps can help taking the necessary decision on the appropriate cost type and
methodology in light of available data, resources and trade-offs to conduct an ex-post
quantification of socio-economic costs.

Step 1 - Determine the level at which the costs are to be assessed.
Step 2 - Determine the type of cost to be assessed.

Step 3 - Determine the suitable methodologies for the cost type or cost component to
be assessed taking into account the desired level of depth, breadth.

Step 4 — Assess data needs, data availability and quality.

Step 5 — Check resource requirements and availability to pursue assessment meth-
odology.

Step 6 — Proceed with assessment - or in case of data or resource constraints - re-
consider assessment methodology compromising on breadth or depth.

Identifying suitable methodology for each cost type or cost component reveals a fairly
wide range of options for some cost types while a more limited portfolio seems relevant
for other cost types (see Table 1.1). In light of the previous steps a decision may be
taken on which methodological approach to pursue.
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Table 1.1  Suitable methodologies for each cost type

Type of Cost Suitable Methodologies | Depth Breadth | Resources

Regulated Entities:

Operating and in- | Basic assessment Tier 1 Tier 1 Low

vestment costs Econometric assessment | Tier 2 Tier 1 Medium
System of equations Tier 2 Tier 1/2 | Medium
Partial model Tier 3 Tier 2 High

Administrative costs | Basic assessment Tier 1 Tier 1 Low

Regulators:

Administrative costs | Basic assessment Tier 1 Tier 1 Low

Whole economy:

All costs Input-output analysis Tier 1 Tier 3 Medium
General model Tier 2 Tier 3 High

Summary of findings for selected European policies and measures

EU ETS, RES-E and CHP Directives

Introduction

The first trading period of the EU ETS lasted from 2005 to 2007; the second trading
period continues from 2008 to 2012 when the Kyoto Protocol will expire; and the third
period will begin in 2013 and end in 2020. The power sector is by far the largest user of
ETS allowances and subject to the RES-E Directive and the CHP Directive as well.
Furthermore and according to Article 11a of Directive 2009/29/EC and Directive
2004/101/EC (Linking Directive) CER and ERU certificates from CDM and JI projects
can be transferred to the EU ETS. This mechanism links international carbon markets
with the EU ETS. We therefore developed a methodology to cover the linkage of EU
ETS with international carbon markets. To cover the complexity and cross-sectoral
interactions of the EU ETS as well as to increase the understanding of different policies
impacts, a model-based Tier 3 approach is essential.

Methodologies proposed

Within this project, the Tier 2 and Tier 3 evaluation methodologies for EU ETS, RES-E
and CHP Directives have been revised and tested for selected Member States and with

\
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focus on the EU ETS. Relevant issues, which have been taking into account, are price
elasticity of electricity demand and the overall socio-economic effects.

To ensure a step by step implementation of the different Tier methodologies, the re-
vised Tier 2 approach is held independent from Tier 3 model results and mainly con-
sists of publicly available input data. For the power sector the calculation procedure of
this static approach consists of two steps:

e Step 1: Calculation of the increase in electricity demand due to price elasticity

e Step 2: Calculation of the corresponding CO, emissions to cover the surplus in
electricity demand using the typical marginal power plant type of the national
power plant fleet

This Tier 2 methodology of the electricity sector can be adapted to other industrial sec-
tors under the EU ETS with similar data requirements.

Two power sector models (dispatch and investment model) and one macro-
econometric model are combined in the dynamic Tier 3 approach. The calculation pro-
cedure consists of three steps:

e Step 1: Calculation of power plant dispatch with the dispatch model PowerFlex

o Step 2: Development of the power plants fleet derived with the investment model
ELIAS

e Step 3: Calculation of the overall socio-economic effects with the macro-
econometric model ESME

For the counterfactual scenario without the EU ETS, a pre-step to derive the electricity
demand depending on the electricity price (price elasticity) is included in step 1.

Testing

The criteria to select Member States for testing the revised methodology included di-
versity in terms of fossil fuel use for electricity generation as well as differences in CHP
and RES-E. Denmark, the Czech Republic and Germany were selected for testing the
revised Tier 2 and Tier 3 approaches.

For the Tier 3 approach, the main data challenges include demand and feed-in profiles
in hourly resolution as well as techno-economic parameters of the power plant fleet.
Crucial parts are confidential data, like electrical efficiency or fuel prices, as well as
unknown profiles. Different strategies to deal with these data gaps have been derived,
like a Tier 3 basic approach e.g., which consist of a simplified merit order of the power
plant fleet.

Challenges/recommendations

The new Tier 2 approach is easy to implement in common spread-sheet software. For
the power sector it includes price elasticity effects as well as fuel type specific merit
order effects, but detailed fuel switching effects are not covered. The main advantage
of the new Tier 2 approach is its independency from Tier 3 model results. It can there-
fore be implemented by a step by step process after having successfully established

vi
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the Tier 1 approach. Concerning non-power ETS sectors, the Tier 2 approach for the
power sector can be partly adapted, but indirect and cross-sectoral effects are not cov-
ered by this approach and there remains quite a large range of uncertainty around the
results.

Indirect and cross-sectoral effects as well as overall socio-economic effects can be
assessed via the revised Tier 3 approach which presents a major advantage of this
revised approach. Another advantage of the integrated Tier 3 methodology is the de-
tailed evaluation of the electricity sector, including detailed fuel switching effects, de-
mand responses to price and the possibility of evaluating policy interaction effects with
the RES-E and CHP Directive, and further related policies coming into force in the fu-
ture (e.g. e-mobility, storage, energy efficiency, etc.). However, the trade-off in the Ti-
er 3 approach is the high costs associated with developing and maintaining the models
involved. The data costs can be partly reduced by using the Tier 3 basic approach
(smaller data effort due to simplified power plant fleet).

Testing

The case studies for 2005 and 2010 for Denmark, the Czech Republic and Germany
show that the price elasticity of demand is a relevant issue and has a significant impact
on the results, especially for Member States with fossil fuel-fired power plants as the
typical marginal power plant type to cover the surplus of electricity demand. Without the
EU ETS, the CO, emissions of the power sector would have been 5 % to 15 % higher
than in the policy scenario. The Tier 3 approach also shows that there was an impact
on CO, emissions in the industrial sectors in the region of 5 %, and a very minor eco-
nomic impact on GDP.

Possible indicators

Proposed indicators for reporting are CO, intensity of electricity generation and indus-
trial production, energy intensity of industrial production, electricity generation mix and
renewables share.

CO, Regulation for new cars

Introduction

The EU is very active in creating the CO, regulations aiming at decreasing the CO,
emissions from road transport since these emissions continue to increase since 1990.
However, in the last decade CO, emissions of new passenger cars have decreased
significantly and at the same time vehicle prices have not increased (Smokers et al.,
2006)°. The aim of this analysis is to develop a methodology of the ex-post evaluation
of the effects and costs of the CO, regulations.

® http://ec.europa.eu/enterprise/sectors/automotive/files/projects/report_co2 reduction_en.pdf

Vi
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Key points in the CO, requlations for passenger cars (ACEA)

A reduction in average CO, emissions from new cars limited to 120 g/km by 2012. Av-
erage new car CO, emissions should fall to 95 g/km in 2020. A staggered approach to
implementation is as follows: 65% of new cars will comply with requirements in 2012;
75% in 2013; 80% in 2014 and 100% in 2015. Greater penetration of biofuels as com-
plementary measure and super-credits for vehicles emitting less than 50 gCOy/km.

Penalties will be imposed on a sliding scale; manufacturers exceeding their target by
more than 3 g/km will pay €95 per excess gramme. Smaller charges between €5 and
€25 for excesses of 1 — 3 g/km*

Methodologies proposed

For environmental effects we propose to calculate:

¢ Actual development of averaged CO, emission factor by mass, power or engine
capacity class for each Member State and fuel type by multiplying the number of
cars sold with their averaged mileage (from TREMOVE?®) and the mass, power
and engine capacity dependent emission factors

¢ Hypothetical development of averaged CO, emission factor by mass, power or
engine capacity class for each Member State and fuel type for different assump-
tions: assuming that either of the three properties (mass, power, engine capac-
ity) did not change since 2000, by assuming that the distribution over the classes
didn’t change since 2000 while the mobility (in terms of kilometers travelled) fol-
lows the historic development.

We expect that this type of analyses reflects the impact of the major parameters (fuels,
engine capacity, mass, power) and as such can provide a quantitative range of the
possible impact of the measure on the development of CO, emissions from new cars.
Data will probably not allow to have these three effects combined in one analyses.
Moreover, the three parameters (mass, power, engine capacity) are not fully independ-
ent.

Cost effectiveness needs also be assessed. We propose to include the additional
manufacturing costs for applying more efficient vehicle technologies, vehicle prices and
fuel costs. Since costs from the ex-post analysis cannot be transparent, we proposed
to use ex-ante costs. We suggest to use already existing cost curves, describing the
additional manufacturer costs for achieving increasing levels of CO, reduction in
different vehicle segments. Smokers, et al. (2011)° developed cost curves per two fuels
(petrol and diesel) and three autos’ size categories (small, medium, large).

* http://www.acea.be/news/news detail/key points in the co2 regulation for passenger cars/
S http://www.tremove.org/model/index.htm
% http://ec.europa.eu/clima/policies/transport/vehicles/cars/docs/study car 2011 en.pdf

viii
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From the CO, emissions fuel consumption could be calculated for all different hypo-
thetical and for the actual developments of the emission factors for new cars using fuel
consumption data from TREMOVE. Then these can be converted into differences in
fuel costs, using averaged fuel prices for each Member State.

Required data

Stock of new cars (number), distribution over classes: mass, power, engine capacity
(number), share of petrol and diesel cars (%), new registrations (number/yr), emission
rate of new cars (g CO,/km) CO, from new cars, average distance driven by cars (km)
from TREMOVE, fuel costs (EUR), production costs (Euro/vehicle), additional manufac-
turing costs (EUR).

Possible Indicators

Indicator 1: CO, emission reduced (%) expressed as actual emissions minus baseline
emissions from new cars (GgCO,) divided by baseline emissions from new cars (Gg).

Indicator 2: Fraction of biofuels in road transport (%) expressed as biofuels used in
road transport (PJ) divided by total fuels used in road transport (PJ).

F-Gas Regulation

Introduction

Regulation No 842/2006 on certain fluorinated greenhouse gases (the F-Gas Regula-
tion) is directed to fluorinated greenhouse gases (F-gases) such as hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs) and SF6, which have high global warming potentials
and are controlled under the Kyoto Protocol. The F-Gas regulation addresses i.a.
e containment, use, recovery and destruction of F-gases as well as control of use
for specified applications;

¢ labelling and disposal of products and equipment containing F-gases as well as
placing on the market prohibitions;

e training and certification of maintenance personnel and companies handling F-
gases.

Regarding the quantification of emission reductions affected and costs incurred by the
F-Gas Regulation, the European Commission (DG CLIMA) published a technical study
in 2011 (Schwarz et al. 2011)". In the context of that study the bottom-up ‘AnaFGas’
model was developed for DG CLIMA featuring 21 F-gases and 29 F-gas using sectors

" Schwarz et al. 2011: Preparatory study for a review of Regulation (EC) No 842/2006 on certain
fluorinated greenhouse gases; Final Report & Annexes to the Final Report. Prepared for
the European Commission in the context of Service Contract No
070307/2009/548866/SER/C4
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differentiated by Member States. EU-wide implementation costs were estimated for
seven cost categories, partially differentiating between sectors and EU regions. Thus, a
highly complex Tier 2/3 method for assessing the F-gas regulation is available and data
has been compiled.

Methodology proposed

In order to facilitate an ex-post evaluation of the F-Gas Regulation by Member States,
a simplified Tier 2/3 approach for assessing emission reduction and cost estimates was
developed in the present study based on an analysis and assessment of the above
mentioned AnaFGas emission model and cost estimates. The concept of the simplifica-
tion was to identify the quantitatively most relevant F-gas using sectors and cost cate-
gories which would primarily need to be assessed. F-gas sectors and cost categories
of minor relevance would be neglected without an unjustified distortion of the results.

The assessment of emission reductions for the identified key sectors builds on sector-
specific data/estimates on stocks of F-gas using equipment, specific F-gas charges
and compositions, equipment lifetimes, leakage rates during operation, emission rates
during disposal and some specific sales and consumption statistics. Data could be
available from Tier 3 models like AnaFGas, national studies or emission inventories
and/or sales statistics. Cost estimates are proposed in particular for personnel certifica-
tion, containment and recovery and could be based on the specific findings of the
above mentioned Schwarz et al. 2011 study or on comparable national studies.

Challenges

Despite considerably reducing the complexity of the F-gas using sectors, the devel-
oped simplified approach still demands rather high efforts in terms of technical exper-
tise and modelling capacity to be employed and specific technical data to be collected
or estimated.

F-gases account for 2% of the EU27 overall greenhouse gas emissions in 2009, how-
ever, with a rising trend. Given that limited relevance of EU F-gases emissions, how-
ever, it might be more time- and cost-efficient from a central EU perspective to concen-
trate on updates of the available centralised assessment tools and methodologies
which might be undertaken by the European Commission in co-operation with some of
the larger Member States. A considerable improvement of EU-wide ex-post evaluation
results by means of reporting from smaller Member States is not to be expected.

For Member States wishing to improve their own assessment capacities on the F-gas
Regulation, however, the proposed methodology would help focussing limited efforts
on the most relevant sectors and cost-categories.

IPPC Directive
Introduction

The IPPC Directive sets out the legal framework for preventing and controlling pollution
arising from a range of industrial activities. The Directive requires the industrial installa-
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tions concerned to obtain an environmental permit from the competent authorities in
the Member States. The conditions in these permits are largely influenced by related
sectoral policies (for example, the Large Combustion Plant Directive) and guidance
documents (Best Available Techniques Reference Documents, BREFs).

The IPPC requirements were applicable to new installations from October 1999 and for
existing installations from October 2007. In the EU27, it is estimated that the IPPC Di-
rective covers approximately 52,000 installations.

It is important to note that IPPC does not cover CO, directly, however, it promotes the
implementation of a range of measures some of which might affect GHG emissions
e.g. fuel switching.

Methodologies proposed

The authors of the 2009 study only developed a Tier 1 assessment methodology. This
was a high level assessment of the policy impacts based upon existing EU wide statis-
tics allowing for easy replication. It involved using:

¢ GHG emissions from manufacturing sectors over time extracted from UNFCCC;
¢ Industrial Production Index used as a measure of industrial activity;

e Average GHG emissions intensity calculated for the years preceding implemen-
tation of IPPC to estimate counterfactual GHG emissions and then these were
compared with actual reported emissions.

However, the authors recognised that this approach was extremely simplified and con-
sequently the methodology was considered insufficiently robust. Some proposals were
suggested for Tier 2 and 3 methods.

As part of this study, we have refined the Tier 1 methodology and developed Tier 2 and
3 methodologies focusing on a selected activity (LCPs). The tier 3 approach is focus-
sed at a plant-by-plant level with significant resource needs. Due to the diverse nature
of activities covered by the IPPC Directive, the methodologies proposed for LCPs will
not be directly transferable to all other activities. However, similar approaches could be
taken for other large point source emitters.

To review the feasibility of such approaches, we have undertaken a review of key data-
sets that are available and could be of use for undertaking ex-post evaluation. This
included data on emissions, activity rates, numbers of installations in each sector, up-
take of techniques for compliance and associated costs. This identified a number of
key data gaps and limitations.

Challenges

In addition to data availability concerns, other key issues with conducting an ex-post
evaluation of the IPPC Directive from a GHG perspective is that the Directive is not
specifically targeted at GHG emission reductions. Furthermore, the Directive overlaps
in terms of sectors and potential impacts with a range of other directives including: EU
ETS, Waste Incineration Directive (WID), Large Combustion Plant Directive (LCPD),
Combined Heat and Power Directive and various national policies. It is extremely diffi-

Xi
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cult, therefore, to isolate the impact of IPPC. Some of these interactions are perhaps
simplified for future evaluations by the fact that the IPPC Directive has now been com-
bined with various sectoral Directives (including WID and LCPD) to form the Industrial
Emissions Directive (2010/75/EU).

The proposed methodologies were not tested or further refined as impacts on GHG
emissions are likely to be low, complications due to interactions with other policies and
gaps in the available data. Furthermore the resource requirements to undertake a Tier
3 assessment are expected to be significant.

Waste Incineration Directive

Introduction

The Waste Incineration Directive (WID) regulates the incineration of waste to prevent
excessive pollution to air, water and soil. Incineration and co-incineration plants must
be authorised, comply with emission limit values for releases to air and water, imple-
ment measurement and monitoring systems and recover any heat generated. WID im-
poses:

1. Emission limit values for air pollutants such as: Dust (PM), HCI, HF, SO,, NOx,
heavy metals and dioxins.

2. Recovery of heat generated by the incineration process, the heat must then be
put to good use as far as practicable.

WID has been applied to existing plants since December 2005 and to new plants since
December 2002. Note that this Directive is now part of the Industrial Emissions Direc-
tive (IED) as discussed in the IPPC section above.

Methodologies proposed

WID has large areas of overlap with IPPC and other PAMs which makes separating the
impacts difficult and increases the uncertainty of results. Furthermore, the policy is not
directly aimed at reducing GHG emissions and the impact is therefore likely to be less
than for other policies.

The previous study developed Tier 1 and Tier 2 assessment methodologies and made
some suggestions for a Tier 3 approach. The proposed approach was based on energy
recovery per unit mass of waste incinerated from waste incineration. It was found that
the analysis of WID is not fully suited to a Tier 1 and Tier 2 indicator based approach,
because of the variability of the energy recovered from Municipal Solid Waste (MSW)
incineration. Negative savings (increases of emissions) were calculated due to an
anomalous fall in energy recovery from MSW incineration in 2006 in the EU27.

As part of this study, we have developed Tier 2 and 3 methodologies building upon
more detailed national level data. The approaches proposed take a similar approach to
those developed for the IPPC Directive utilising sector and/or site specific assumptions
about operator response to the Directive e.g. abatement uptake rates. The key types of
information required for an assessment are:

Xii
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e Energy recovered from waste incineration.

¢ Activity data (quantity of waste treated).

e Exogenous variables e.g. moisture content of MSW. .
¢ Unit costs of abatement measures. .

e Emissions.

o Number of plants.

¢ Abatement technique uptake.

The operator surveys and installation-specific Tier 3 methodology outlined would re-
quire a significant amount of resources to undertake and the additional benefits would
potentially be limited given the relatively small impact of WID on GHGs.

Challenges

The proposed methodologies were not tested or further refined as impacts on GHG
emissions are likely to be low, complications due to interactions with other policies and
gaps in the available data. Furthermore the resource requirements to undertake a Tier
3 assessment are expected to be significant.

Nitrates Directive

Introduction

The Nitrates Directive aims to protect water quality across Europe by preventing ni-
trates from agricultural sources polluting ground and surface waters and by promoting
the use of good farming practices. The Directive requires Member States to identify
polluted or threatened waters, designate “vulnerable zones” (NVZs), establish Code(s)
of good agricultural practice, to be implemented by farmers on a voluntary basis, estab-
lish Action Programmes, to be implemented by farmers within NVZs on a compulsory
basis and undertake monitoring and reporting.

Methodologies proposed

The previous study proposed Tier 1 and 2 methodologies based on EU wide statistics,
aggregated data reported by Member States to the UNFCCC and associated emis-
sions factors. For Tier 1, emissions reductions were assessed in terms of the change
in emissions of N20 from soil per unit of agricultural land, relative to 1996- the date by
which Members States were required to implement the main components of the Direc-
tive. The Tier 2 approach was similar to the Tier 1 method but emission reductions
were based on policy impacts from the actual implementation date rather than start
date of the policy. Furthermore, instead of a single year being used as the ‘frozen effi-
ciency’ for the application rate (as with Tier 1), the average application rate in the 3
years prior to the implementation of the Directive was used (to avoid the sensitivity of
using a single year). The previous study concluded that the Nitrates Directive has a
large variation in effectiveness between MS. Furthermore, it is difficult to isolate the
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effects of the Directive from other policies. As a result it concluded that the benefits are
likely to be overestimated.

A number of possible improvements have been identified in this study including:

e Correcting for autonomous development by factoring in changes in technology
that has led to the reduction in the quantity of N fertiliser required.

e Correcting for structural changes in activity data — conduct surveys to under-
stand if and how farm management practices have changed as a result of the
Nitrates Directive.

e Correcting for market forces — e.g. understand how use (and type) of fertiliser
has changed as a result of changes in fertiliser prices. This should then be used
to update the counterfactual scenario.

e Correction to reductions in emissions due to other policies — e.g. to split out po-
tential impacts of other policies such as CAP.

e Correct for coverage of the NVZ designation — the 2009 estimates are based on
a whole territory approach however this is not correct for all MSs.

No ex-post evaluation of costs has been undertaken to date, nor has a methodology
been developed for doing so.

Challenges

Current data availability and quality only allows for a high level analysis. The quality of
activity data could be improved through surveying several regions/MSs who have dif-
ferent types of soil, climate and land use to understand if farm management practices
changed as a results of the Nitrates Directive (or if it would have occurred in the coun-
terfactual). Emissions data is also based on national emissions inventories derived
using an IPCC tier 1 methodology which is very simplistic.

Tier 3 would require econometric analysis, calibration of bottom-up data, climatic varia-
tion correction factors, correction for crop and fertilizer type changes. Currently there
are major and prohibitive gaps in the data, including detailed MS emission inventories
which factor in regional variations, actual (adopted) farm management practices for
different types of soil and climate, MS specific time series data on changes in fertiliser
use and the location and coverage of NVZs amongst others.

It should be noted that a detailed modelling study has recently been completed for the
EC looking at the impacts of the Nitrates Directive on EU27 gaseous nitrogen emis-
sions including NOx, NH; and N,O®. This provides an alternative approach for evaluat-
ing the impacts of the Directive using the MITERRA-EUROPE model.

® Alterra, AEA Technology, ITP, NEIKER (2011): The impact of the Nitrates Directive on gase-
ous N emissions - Effects of measures in nitrates action programme on gaseous N emis-
sions, Available from: http://ec.europa.eu/environment/water/water-nitrates/studies.html
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2003 CAP reform

Introduction

The Common Agricultural Policy (CAP) is focused mainly on the European agriculture
market but since 2007 a stronger focus on environmental protection has been devel-
oped. In recent years (notably in 2003 and during the CAP Health check in 2008) the
main objects of the Directive changed to a more market oriented policy without cou-
pling (decoupling) premium for the farmers (CAP reform). More environmental aspects
and animal healthcare are considered in the next steps of the reform package. The key
legislative instrument is the 2003 CAP Reform (COUNCIL REGULATION (EC) No
1782/2003) for the period of 2005 to 2013. It is based on regulatory instruments: de-
coupling subsidies, cross-compliance, financial modulation and development of rural
areas.

Methodology proposed

The quantification of emission reductions and costs incurred by the CAP is challenging
as direct linkages (e.g. commodity market, GDP consumer behaviour) or linkages on a
sub-level (technology improvement per farm unit) are difficult to estimate. Several bot-
tom-up models (e.g. CAPRI, MEACAP-Modelfarm, AGNEMOD and GAINS) linked
economic indicators, costs and results of emission inventories to study these interac-
tions and with these developing future scenarios.

In the present study based on an analysis and assessment a simplified concept was
developed which identified the most relevant sectors (enteric fermentation, manure
management) and cost categories which would primarily need to be assessed. The
assessment of emission reductions for the identified key sectors builds on sector-
specific data/estimates on national statistics (see e.g. EUROSTAT, animal numbers,
farm numbers, amount of minerals fertilizers) or emission inventories (e.g. emissions
and background data of average gross energy intake) and/or sales statistics. Different
Tier levels for the assessment are proposed as follows:

Tier 1 level:

Using modelled information (mitigation costs, reduction potential, emissions per ha or
farm) of a German standard farm. As the information may not be representative of, or
comparable with, other Member State (MS) farm types surveys should be conducted
on MS level for specific costs or technologies for farm management. With more infor-
mation on MS level about the technology used, the reduction potential evaluated in the
study could be applied to obtain an advanced view of the effect on emissions.

Tier 2 level:

For a Tier 2 approach regional circumstances — e.g. climate conditions (temperature,
humidity) — which influence enteric fermentation (methane conversion factor) and the
N-cycle have to be considered. It would therefore be necessary to conduct a study for
at least one MS with climate conditions that differ from those in Germany, such as a
Mediterranean country (e.g. France, Spain). This would enable conclusions for different
farm types and would allow for a more differentiated analysis.
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Tier 3 level:

For a Tier 3 approach, model runs should be conducted on individual MS level. This
entails that MS should have detailed information available to use these for a model run.
If no information is available a country specific survey could be conducted. The main
emitters of agricultural emissions in Europe are Germany, France and ltaly, Spain and
Poland. Therefore, it is recommended that a detailed model analysis of those countries
should be evaluated in a Tier 3 setting.

Cost can be assessed in particular for milk yield and production. The price of fertilizer
and investment costs could be based on the specific findings of the above mentioned
models and studies or on comparable national surveys (e.g. here stable cost per ani-
mal).

Challenges

Despite considerably reducing the complexity of the agriculture sectors, the developed
simplified approach still demands rather high efforts in terms of technical expertise and
modelling capacity and specific technical data to be collected or estimated.

Therefore, it might be more time- and cost-efficient from a central EU perspective to
concentrate on updates of the available centralised assessment tools and methodolo-
gies which might be undertaken by the European Commission in co-operation with
some of the larger Member States. A considerable improvement of EU-wide ex-post
evaluation results by means of reporting from smaller Member States is not to be ex-
pected.

Landfill Directive

Introduction
There are three main impacts on GHG emissions resulting from the Landfill Directive:

1. The first effect of the Landfill Directive on GHG emissions results from the re-
duction of the amounts of biodegradable waste disposed to landfills, which
leads to a reduction of activity rates used in the emission calculation. This effect
is the main effect that the methodologies proposed in the previous project ad-
dress.

2. The second effect of the Landfill Directive on GHG emissions is the obligatory
implementation of landfill gas collection systems for landfill gas and the subse-
quent treatment (flaring) or energy use of the collected landfill gas.

3. The conversion of unmanaged and illegal waste disposal sites to managed
waste disposal sites that comply with the requirements of the Directive led to
the closure of old and illegal disposal sites and the establishment of new sites
that are properly managed and fulfil requirements with regard to water control
and appropriate location of sites, leachate management, protection of soil and
water, gas control or stability. Unmanaged SWDS (Solid waste disposal sites)
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produce less CH, from a given amount of waste than anaerobic managed
SWDS. Thus, the implementation of the Landfill Directive resulted in a change
in the methane correction factor (MCF) in estimation of CH4 emissions which is
not taken into account in any of the methodologies proposed in the previous
project.

Methodology proposed

The methodological approach is generally based on equations and data as used for the
First Order Decay Method (FOD) for the estimation of CH4 emissions from solid waste
disposal sites as performed for the GHG inventory reporting which is implemented in all
EU MS and for which reviewed country-specific and default parameters are available.
The methodological approach proposed in the previous project could be further refined.
At a general level, the ex-post methodology should:

1. Take into account the effects of the closure of unmanaged landfills and the es-
tablishment of managed landfills in the emission estimation via the MCF (meth-
ane correction factor) in all methodological tiers;

2. Take into account the effects on landfill gas recovery on managed landfills re-
sulting from the implementation of the directive in all methodological tiers;

Respective improvements in the methodological approaches are proposed.
Tier 1 level

Several improvements were identified for the Tier 1 method proposed in the previous
project, in particular

¢ A refined, but still simple approach for the development of a counterfactual sce-
nario categorizing MS in three landfilling types;

¢ The including of the effects on landfill gas recovery in the tier 1 level as data is
easily available;

Tier 2 level

Several improvements were identified for the Tier 2 method proposed in the previous
project, in particular

e A separation of three types of biological treatment to achieve consistency with
the IPCC inventory estimation methods;

e A correction related to the accounting of emissions from recycling;
e Some simplification of the Tier 2 method proposed:
Tier 3 level

A new approach for a Tier 3 method that mainly improves the assumptions in the coun-
terfactual scenario as the emission reduction methods of the Tier 2 method seems suf-
ficiently precise and does not require further refinement.
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Challenges

The estimation of emission reductions effects is relatively straightforward due to the
fact that similar data requirements exist for the preparation of GHG inventories.
Whereas cost estimates for the implementation of the Landfill Directive have been as-
sessed in previous studies, the cost estimation of a counterfactual scenario presents a
huge challenge related to the development because the Landfill Directive effectively
stopped the illegal and unmanaged landfilling of biodegradable and hazardous waste.
Thus, a counterfactual cost scenario would need to estimate the environmental dam-
age caused by a continued illegal dumping of MSW and hazardous waste on human
health and ecosystems and the costs for dealing with such damage. Whereas it is ra-
ther obvious that such long-term costs would be much higher than the costs for the
implementation of the Landfill Directive, it is rather speculative to provide a detailed
counterfactual cost estimation.

Energy Performance in Buildings Directive (EPBD)

Introduction

The EPBD was initially adopted in 2002 (2002/91/EC)°, with the aim of promoting
“...the improvement of the energy performance of buildings within the Community, tak-
ing into account outdoor climatic and local conditions, as well as indoor climate re-
quirements and cost-effectiveness.” [Article 1]

The Directive set out a number of requirements including:

(a) a general framework for a methodology for calculating the integrated energy
performance of buildings taking into account all aspects which determine en-
ergy efficiency;

(b) minimum standards to be set by MSs for the energy performance of new
buildings and large existing buildings that are subject to major renovation, to be
calculated on the basis of the above methodology;

(c) systems for the energy certification of new and existing buildings; and

(d) regular inspection of boilers and of air-conditioning systems in buildings and
in addition an assessment of the heating installation in which the boilers are
more than 15 years old.

A recast of the Directive was adopted in 2010 (Directive 2010/31/EU)°. The recast
strengthens the building codes and energy performance requirements for buildings

° Directive 2002/91/EC of the European Parliament and the Council of 16 December 2002 on
the energy performance of buildings

'% Directive 2010/31/EU of the European Parliament and of the Council of 19 May 2010 on the
energy performance of buildings (recast)
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across the EU and requires all new buildings to be nearly zero energy buildings by
2020.

Methodologies proposed

Tier 1 is a top-down approach which assumes a linear relationship between number of
buildings and the level of GHG emissions. In MS where existing energy policies are in
place, it attributes all climate-corrected savings beyond 0.5% autonomous efficiency
improvement per year to the EPBD. It assumes that the share of energy use for space
heating is unchanged over the years, uses default values per country, and an EC aver-
age emission factor. Tier 2 adopts the same approach, with m? flooring instead of num-
ber of buildings as activity indicator, and MS specific emission factors and space heat-
ing shares. Tier 3 method is a detailed bottom-up model, using a simulation model (e.g.
MURE), which relies on detailed data of building stock characteristics in the EU27.

The methodologies proposed focus primarily on assessing impacts of the Directive in
relation to space heating due to the significance of associated emissions. However, the
Directive can also impact on other functions such as space cooling and water heating.
The methodologies can be adapted to consider impacts on these items through substi-
tution of data for space heating with equivlant data for these functions although there
are some issues rlated to availability of suitable data (e.g. degree cooling days) and
overlap with other policies (e.g. Energy Labelling Directive).

An indicative top-down approach to costs assumes a % of total investment in buildings
and subtracts the cost savings of energy reductions. A bottom-up approach uses tech-
nology specific costs.

Testing

We tested whether recommended improvements for Tier 1 and 2 can be implemented
at the MS level with country specific data, and whether they deliver any useful results.
This was tested for the UK and NL, although we also investigated the availability of
relevant data sources for all MSs. The testing demonstrated the value in using the ac-
tual policy implementation date, and MS space heating shares where known (if possi-
ble, broken down according to fuel). We also surveyed all MS Competent Authorities to
see which countries have detailed models for the building sectors and if these models
are geared towards ex-post evaluation, which revealed no suitable examples and a
good deal of variation in MS data availability.

Challenges

The main issues for ex-post evaluation of the EPBD relate to the difficulty in establish-
ing the counterfactual, autonomous improvement, the impacts of overlapping PAMs,
other exogenous factors (e.g. energy prices) and non-compliance. The main data chal-
lenges for a top-down assessment are MS specific space heating (or other functions
such as cooling) shares and m? flooring (primarily in non-residential buildings). There is
a more significant lack of data to enable bottom-up assessment.

Possible indicators

Proposed indicators for considering the impacts of the PAM include:
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¢ Final temperature corrected energy consumed for space heating, cooling or wa-
ter heating in the residential and non-residential buildings sector (GJ/m? residen-
tial or GJ/household; GJ/m? non-residential or GJ/employee)

e COsintensity of final temperature corrected energy consumed for space heating,
cooling or water heating in the residential and non-residential buildings sector (kt
CO,/household or ktCO,/m? residential; kt CO./lemployee or kt CO,/m? non-
residential)

o Cost effectiveness (€/kt CO, abated)

Energy Labelling Directive

Introduction

The Labelling Directive was adopted in 1992 and is aimed at harmonising national
measures to enable consumers to choose the most energy efficient appliances. A large
number of Implementing Directives have been adopted which regulate the labelling
specifications for each product type. Some Directives have been updated since their
first adoption.

A revised Energy Labelling Directive was adopted in May 2010. It extends the energy
label to energy-related products in the commercial and industrial sectors, for example
cold storage rooms and vending machines. New energy labelling classes have also
been introduced. The extension of the scope from energy-using to energy-related
products (including construction products) means that the Directive covers any good
having an impact on energy consumption during use.

Methodologies proposed

The methodologies in the 2009 study were well developed and analysis was carried out
for all three tiers. Assessment of the policy impact at Tier 1 level was based on EU-
level Eurostat data. Key indicators used were number of households and total electric-
ity consumption by household. The approach does not separate out individual appli-
ances nor does it split out other electricity uses not covered in the scope of the Label-
ling Directive (e.g. electric heating, electric water heating and small electric appli-
ances). Tier 2 is based on national data collected in the Odyssee Database under
framework of the Intelligent Energy for Europe (IEE) Programme. This approach calcu-
lates the impact of the Directive using appliance ownership data and unit consumption
(kWh/appliancel/year). It separates the main large appliances but does not make use of
sales data or labelling classes. Tier 3 is a bottom-up approach using the MURE appli-
ance stock model which includes sales on different appliances by label type by country.

The main issues identified related to correcting for autonomous progress and data
availability.

Testing

As the methodologies were well advanced in the previous study, efforts for the testing
were focused on whether recommended improvements to the Tier 1 and Tier 2 meth-
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ods could be implemented (mainly related to the type of data used). We surveyed a
selection of Member States to assess data availability at the Member State level re-
vealing significant disparity in data availability.

Challenges

The main data challenges are: historical time series data on autonomous development
at appliance level often not available at MS level (or not long enough) and data access
issues of private data-sets, e.g. Odyssee database, MURE, GfK (including compliance
data).

Possible Indicators

Proposed indicators for considering the impacts of the PAM include:

e CO, emissions of electricity consumption for lighting and electrical appliances in
the residential sector (ktCO./dwelling)

¢ Electricity consumption for appliances in the residential sector (kWh / dwelling)

e Proportion of sales of top energy labels (A++/A+/A) in new sales (%)
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1 Background and Objectives

Previous work has shown the difficulty to assess the impacts of individual polices and
measures to mitigate greenhouse gas emissions in a thorough manner. However, the
ability to assess the effectiveness of policies and measures on greenhouse gas emis-
sions has become increasingly important both at EU and Member States (MS) levels.
At the EU level, the achievement of the 20% domestic emission reduction target will
require close monitoring of the policies and measures at the MS level, in particular in
the non-ETS sectors under the Effort Sharing Decision (Decision 406/2009/EC). At the
international level in the context of the Cancun Decisions, developing countries are
required to monitor, report, and verify mitigation actions, while developed countries are
required to enhance the monitoring and reporting of the progress made in achieving
quantified economy-wide emissions reductions.

At present the ex-post assessment of policies and measure remains subject to a num-
ber of shortcomings. First, the reported information on policies and measures is often
limited to qualitative appraisals and lacks the assessment of quantitative impacts. Fur-
thermore, ex-post evaluations are currently not conducted and reported in a consistent
way by Member States. Moreover, a more thorough ex-post evaluation of policies and
measures at the Member State level is necessary for the improved analysis of the op-
portunities for further development and refinement of EU and national climate change
policies. Another current shortcoming is that the indirect effects of other policies, over-
lapping and rebound effects are often neither recognized nor quantified in the assess-
ment of climate change policies and measures. Another area where significantly more
work is needed is the development of methodologies to quantify the social costs and
benefits of specific climate change policies and measures. Also, the variation of experi-
ences and responsibilities with respect to monitoring, evaluation, statistical data among
different MS is large and needs to be addressed.

The EU already commissioned an initial study to develop methodologies for the ex-post
evaluation of mitigation policies which was released in 2009'". Whilst substantial pro-
gress has been made in a number of research areas, a number of gaps and areas for
further development remain. The current study fully reviews and builds on the results of
this study and aims at:

e Further refining and improving the methodologies developed for the ex-post
quantification of policies and measures.

e Providing a critical overview of existing methodologies and recommendations to
assess ex-post the effects, socio-economic costs and efficiency of policies and
measures.

" AEA, Ecofys, Fraunhofer ISI (2009) ‘Quantification of the effects on greenhouse gas emis-

sions of policies and measures™, study prepared for the European Commission
(http://ec.europa.eu/clima/policies/g-gas/studies_en.htm).

1
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e Testing the refined and improved methodologies for 2-5 Member States and 2-5
policies in each MS

e Improving monitoring and reporting of the effects and efficiency of policies and
measures ex-post.

The study aims to support Member States and the European Commission in as-
sessing ex-post the efficiency and effectiveness of individual policies and measures. As
such the study aims to provide guidelines and recommendations to assess the envi-
ronmental impacts and socio-economic effects (including effects on sectoral and over-
all economic growth, welfare, employment, marginal abatement costs, structure and
distribution) of policies and measures. The Commission and the Member States may
benefit from the structured guidelines on methodologies and indicators in their monitor-
ing, reporting and verification processes.

2 Report structure
The study is set up around seven tasks that were tackled in the project to address the
above mentioned objectives. An overview of the individual tasks, corresponding to the

subsections in this report, is given in Figure 2.1. The tasks are briefly described in the
following:

Figure 2.1 Project structure and task overview

Task I:
Overview methodologies
socio-economic cost
assessment

N4

Task Il - 2:
Improvement and refinement of
) assessment methodologies for
PAMs

1l

Task IlI:
Testing of selected
methodologies, PAMs and

MS
Task IV: Task V: Task VI: Task VII:
P.rop.osals of QA/QC checks Recommendations Monitoring and data
indicators for reporting collection strategies
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e Task 1 “Critical overview of existing methodologies to quantify ex-post the direct
and indirect socio-economic costs of climate change policies and measures”
aims at providing recommendations for performing ex-post assessments of di-
rect and indirect socio-economic costs and efficiency at the EU and Member
State level.

e Task 2 “Review and assessment of the results and methodologies developed
under the project ‘Quantification of the effects on greenhouse gas emissions of
policies and measures™ aims at providing revised and improved methodologies
for the ex-post quantification of the effects of policies and measures”.

e Task 3 “Testing of methodologies” focuses on testing of the improved and re-
fined methodologies for the assessment of environmental and economic im-
pacts, in an iterative way for 2-5 Member States and policies and measures.
The selection of Member States and Policies and Measures was based on the
indicators of practicability, applicability and data availability. A set of refined and
improved methodological tiers for the ex-post assessment of effects, socio-
economic costs and efficiency for the policies and measures resulted from the
testing phase.

e Task 4 “Proposal of indicators” aims to identify suitable indicators that allow
monitoring of progress in the implementation of policies besides the direct
quantified ex-post effects of policies and measures. This results in concrete
proposal of indicators for reporting on ex-post assessments on the effective-
ness of the EU level policies with appropriate definitions and data sources.

o Task 5 “QA/QC checks” elaborates concrete proposal of QA/QC checks to be
performed by MS as well as at the Commission level.

e Task 6 “Recommendations for the enhancement of reporting requirements un-
der the Monitoring Mechanism Decision” tackles proposal for specific legal re-
quirements to be integrated in the revision of decisions 280/2004/EC and its
implementing provisions (Decision 2005/166) that are currently elaborated by
the Commission.

e Task 7 “Monitoring and data collection strategies” derives proposals of monitor-
ing and data collection strategies.

The report is structured around these seven tasks. At first in Section 3 a critical over-
view of socio-economic costs assessment is elaborated in detail. This is followed by
the review, assessment and refinement of the results and methodologies developed
under a previous study by AEA et al. (2009)'? and accompanied by proposals for im-
proved methodologies in Section 4 (Task 2). Section 5 describes approaches and pro-

> AEA, Ecofys, Fraunhofer ISI (2009) ‘Quantification of the effects on greenhouse gas emis-

sions of policies and measures™, study prepared for the European Commission
(http://ec.europa.eu/clima/policies/g-gas/studies_en.htm).
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cedures as well as the results of the testing phase (Task 3) which aimed to further im-
prove and refine the methodologies and to implement the recommendations from the
previous tasks (Task 1 and 2). The remaining sections are devoted to the proposals for
indicators (Section 6), quality assurance and quality control (Section 7), monitoring and
reporting (Section 8) as well as data collection strategies (Section 9).

3 Task 1 Critical overview of existing methodologies to
guantify ex-post the direct and indirect socio-economic
costs of climate change policies and measures

Task 1 provides a critical overview of existing methodologies and applications to quan-
tify ex-post the direct and indirect socio-economic costs of climate change policies and
measures at MS and the EU level. In order to relate these socio-economic costs to the
efficiency of policies and measures in terms of emissions reductions, a combination of
the methodologies to quantify costs and those that quantify emission reductions is re-
quired. This can be achieved within the same modelling approach for some method-
ologies and through a combination of results from different models for other method-
ologies. The critical overview in this Task also takes into account experience and
examples that were gained with the methodologies and applications of such
methodologies for previous ex-post or ex-ante analyses. Task 1 ultimately aims to
provide practical guidance to the necessary steps and procedures to assess ex-post
the efficiency of policies and measures.

3.1 Definition of the different types of costs

The ex-post economic efficiency of climate change policies or measures is assessed
by relating the net cost of the mitigation activity to the mitigated emissions. The eco-
nomic analysis takes into account costs and financial offsets that occur in the context of
implementation of the policy or measure. The net costs are derived as the difference of
total costs of the policy and measure and benefits, such as reduced expenditure on
energy, that occur as a result of the implementation of the policy or measure.

In general different types of socio-economic costs can be distinguished that arise at
different stages of policy development and implementation and affect different eco-
nomic agents. The levels of economic agents are defined as follows.

e Regulated entities level (private decision-makers): households and private
companies that face costs related to the implementation of a mitigation meas-
ure, i.e. physical compliance costs as well as administrative and transaction
costs.

¢ Regulator level (Regulating authorities at EU and MS level): policy making insti-
tutions that face costs related to the implementation and monitoring of a mitiga-
tion measure.
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e Whole economy level: the level at which direct and indirect socio-economic
costs occur, such as welfare losses, distributional and employment effects, as a
result of the implementation of the mitigation measure.

The association of different costs types to these levels of economic agents is illustrated
in Figure 3.1 and will be discussed in detail in the following sections.

Figure 3.1 Costs at different levels of economic agents

O Whole economy level

Regulators level

Regulated entity level

Administrative costs

Physical compliance costs

Socio-economic costs

3.1.1 Compliance costs at the level of regulated entities

Compliance costs are the net costs that regulated entities face when complying with
specific pieces of environmental legislation (IVM, 2006)". According to a definition
mentioned in IVM (2006) environmental compliance costs present a response to a reg-
ulation whose primary objective is to protect or improve the environment. Moreover,
environmental compliance costs present additional costs to the regulated entities. The
latter is usually the case when investment in new technologies, plants or equipment is
needed to comply with the regulation and the investment does not lead to required re-
turns to offset the costs. These compliance costs will depend on the particular techno-
logical alternatives available to the regulated entity. Net additional costs may not arise,
however, when policies or measures address areas in which entities or consumers do
not behave in economic rational ways or face (non-market price) transaction costs
(such as information costs, adjustment costs etc.). In these cases, the policy or meas-
ure may help overcome barriers or market failures and may result in net cost savings.

¥ IVM (2006). Ex-post estimates of costs to business of EU environmental legislation (p. 55).
Amsterdam.
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Investment and operating costs

Investment costs refer to the capital costs needed to purchase, refurbish or retrofit
plants and equipment to ensure compliance with the policy or measure. These costs
usually originate upfront while induced cost savings occur over the lifetime of the in-
vestment. In order to account for these time issues, capital investment costs are usu-
ally annualised using assumptions on the interest rate and depreciation period or life-
time of the investment. These annual capital costs are then supplemented by annual
operational costs that may occur to maintain compliance (such as energy, labour, ma-
terial costs). To yield annual net costs, these costs are reduced by annual costs sav-
ings that result from the investment in equipment or plants, e.g. the savings in energy
costs resulting from efficiency improvements, The annual net costs can then be com-
pared to the mitigated emissions and provide a measure of abatement costs.

Box 3.1 Operator’s versus economic (societal) perspective

For the assessment of abatement costs it is important to distinguish two perspectives,
i) the operator perspective, and ii) the economic or societal perspective. The two per-
spectives differ mainly with respect to the interest rate, the lifetime or depreciation pe-
riod of the investment and the consideration of social transfers. Individual operators
analyse the economic efficiency of an investment by applying individual rates of returns
that are based on their current situation and position in the market. Similarly, assump-
tions on the lifetime of the plant or equipment which from an economic point of view
would simply refer to the technical lifetime of the investment may be different from an
operator perspective based on their expectations on the pay-back period. Moreover,
individual operators need to take tax requirements and subsidy payments into account
as these immediately affect their (business) calculation. From an economic point of
view, such social transfers do not play a role as they do not present actual economic
costs or revenues.

An overview of the two perspectives and their differences is shown in Table 3.1. In both
cases investment and energy related costs are treated the same. The treatment of the
CO,, price created by the regulation, however, deserves a closer consideration. Addi-
tional costs due to CO, pricing can be differentiated into direct CO, related cost in-
creases that result from a policy regulation and are directly emitted by the regulated
entity and indirect CO, related cost increases which refer to the additional costs that
are passed on from regulated entities further up the production chain, such as the elec-
tricity industry. Private operators will always take both of these effects into account and
adjust their economic calculation accordingly. From an economic perspective, however,
these CO, pricing related additional costs whether direct or indirect present social
transfers and should not be accounted for.
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Table 3.1 Abatement costs from an operator vs. economic (societal) perspective

Economic perspective Operator perspective
Investment cost full full
Fuel cost full full
CO2-price no maybe

individual rate of return (industry,
electricity >12%; other 6-8%,
private consumers 4%)

long-run capital market

BLeIETS interest rate (ca. 4%)

Time horizon lifetime of investment _ payback period

(differs by investor and usage)
Taxes no yes
Subsidies no ves

The treatment of indirect CO,-emissions - whether from the operator’s or economic
perspective - is highly relevant (and sensitive) in the case of abatement costs. As ex-
plained above, abatement costs present the net costs in relation to the mitigated emis-
sions. As indirect CO, emissions, however, are mitigated further up at the electricity
industry and not necessarily in immediate response to the considered policy or meas-
ure, a discrepancy will result for the cost savings induced by the policy or measure and
the mitigated emissions in the “upstream” electricity sector. The “upstream” emissions
reduction may lead to a change in the CO, cost share in the electricity price. Thus, ide-
ally, electricity prices should be reduced by the share of indirect CO, price effects to
avoid such bias. Alternatively, direct and indirect emissions and cost effects should be
analysed simultaneously. In reality, however, this is difficult to apply.

For the current study, we therefore propose to refrain from this distinction and to use
the market or contracted electricity price instead. For the purpose of analysing invest-
ment and operating costs in this study we recommend using assumptions closer to the
operator's perspective, unless of course a general economic modelling approach as
outlined in section 3.3.4 is pursued. This way, decision processes will be reflected in a
way as they apply in other decision making situations. This implies that taxes and sub-
sidies enter the net cost calculations. For the time horizon of an investment calculation,
we recommend to use the asset depreciation range as used in accounting.

Of particular importance is the discount rate (or interest rate) used in the calculations.
In a regular market case, the discount rate is equivalent to the rate of return of alterna-
tive investment opportunities, such as long-term capital market investment reflected in
the long-term market interest rate. However, in reality we often observe investment
behaviour of private operators as a result of their rational decision making which reflect
different (higher) discount rates. In the area of private households, for example, ob-
served purchase behaviour of energy efficient appliances compared to regular appli-
ances reveal implicit discount rates of up to 20%. With their individual expectations on
capital and energy markets private operators call for different rates of return. Higher
discount rates imply that future monetary streams costs and savings (such as induced
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energy savings) receive a lower weight than in the case of low discount rates. In many
cases, high implicit discount rates reflect the existence of barriers and market failures.
Within this study we recommend to follow a two-group approach. Discount rates of 4%
are to be applied for the assessment of policies and measures in the household sector
or private transportation. Discount rates of 8% are to be applied for measures in the
area of industrial, transformation and other business activity.

Investment and operating costs

Costs for research and development activities may help to establish advanced and
more efficient technologies or techniques and thus bring down abatement costs in the
medium to long run. These costs are sometimes (partly) covered by government fund-
ing or co-activities with universities and public units. R&D costs may range from small
size and easily recoverable costs (by increased net returns to production) to large
scale, possibly sunk-costs that cannot be recovered by increased net returns to pro-
duction (e.g. the set-up of research and demonstration plants which purely serve re-
search & development and will not go into large scale production).

Administrative costs

In addition to the investment and operating as well as maintenance costs, compliance
costs include administrative costs for the regulated entity, e.g. to meet monitoring
and reporting requirements. Administrative costs are defined as in the EU standard
cost model™ as “cost incurred by regulated entities in meeting legal obligations to pro-
vide information on their action or production”. They include one-time and recurring
costs relating to labelling, reporting, registration, monitoring and assessment needed to
provide this information. Only those costs are to be included that are in addition to the
costs that the entity would have been exposed to anyway in the absence of the policy
or measure. Such administrative occur not only on the level of regulated entities but
also on the regulatory level. The latter are described in Section 3.1.2. A detailed de-
scription of the definition and method to assess administrative costs can be found in
the Annex to the Impact Assessment Guidelines of the European Commission."

Other costs

Costs to private entities other than investment and operating or administrative costs
(other costs) may play a role when complying at the regulated entity level. In the na-
ture of indirect costs include costs relating to production, sales or revenue losses due
to changes in consumer demand arising in the same industry or in industries further
down the value chain or otherwise complementary industries (e.g. loss in sales of

" European Commission (2009) ,Impact Assessment Guidelines’, SEC (2009) 92, 15 January
2009.

' European Commission (2009) ‘Part Ill: Annexes to Impact Assessment Guidelines’, SEC
(2009) 92, 15 January 2009
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greenfield shopping centres due to decreased use of short distance automobile trans-
portation as a result of a policy or measure). Similarly, changes in prices or costs of
input factors resulting from a policy or measure immediately affect those industries that
make use of these input factors but also all those industries that are further down the
production chain or complementary to the affected industry. It provides a challenge to
draw a system boundary for these effects as they may range from impacts on only
some entities to impacts on the whole economy. For impacts on the whole economy,
see Section 3.1.3 below.

Relevance of compliance costs for a given policy

The sections above give a definition and understanding of different costs types and
cost components that may be affected by a policy or measure at the level of the regu-
lated entity. While all these cost types or cost components are likely to be affected by a
regulation, not all of them are equally relevant when analysing socio-economic cost
effects. In this section, we therefore aim to provide further insights into the relevance of
these cost types or components to help decision-makers or analysts take a decision on
which cost types or cost components to assess in detail.

The assessment of investment and operating costs at the level of the regulated en-
tity is deemed highly relevant for all policies and measures that induce substantial in-
vestment (capital-intensive sectors or products), e.g. in new low carbon technology or
refurbishment of technology, buildings, and consequently lead to a shift in operating
and maintenance costs. An assessment of investment and operating costs is less rele-
vant, however, for policies that induce changes in behaviour (e.g. labelling) or that do
not require substantial investment in low carbon technology in order to achieve the pol-
icy goal (CAP reform). The relevance of investment and operating costs is uncertain in
areas where investment costs cannot be singled out (e.g. CO,-regulation) or cannot
fully be attributed to CO,-mitigation (landfill directive).

Investment and operating costs provide the main input to marginal abatement cost
curves that are commonly used to assess, compare and rank the mitigation costs of
different mitigation option. They are a helpful indicator for decision making with respect
to which mitigation option to tackle with a policy and how to design the policy in order to
efficiently achieve the desired mitigation. For example, a mitigation option with low or
negative abatement costs may be more efficiently tackled with a standard or informa-
tion policy rather than a subsidy or investment scheme. On the other hand, mitigation
options that are high up the marginal abatement cost curve may need a stimulation of
investment in terms of support schemes or financial incentives.

In the context of ex-post analysis, the comparison of investment and operating costs
with and without the policy reveal information on the changes in abatement costs due
to the policy. Investment and operating costs may be higher in the policy case because
of increased demand for specific technologies or equipment and subsequent price
spikes or they may be lower because of scale or learning effects in applying a new
technology or equipment. Understanding these reactions helps to assess the efficiency
(and desired effects) of the policy. Moreover, information on investment and operating
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costs serve as an essential input to partial or whole economy modelling approaches
that are used to assess the indirect effects of policies and measures.

The assessment of administrative costs at the regulated entity level is deemed most
relevant for policies that require substantial additional administrative work, such as ad-
ditional monitoring and reporting requirements or active participation in policy mecha-
nism (e.g. EU ETS). Such additional costs will likely affect small and medium sized
enterprises the most which have low or no internal capacity or resource to implement
the policy requirements. In the case of the EU ETS, for example, the installation and
know-how in handling of a trading account, plus the additional monitoring and reporting
requirements impose substantial costs particularly on small business that have never
been involved in similar requirement or activities, such as asset or electricity trading,
before. Administrative costs, on the other hand, may be less relevant for policies that
address barriers or reinforce or accelerate existing changes in behaviour or investment.

3.1.2 Regulatory costs

Costs on the regulators level occur on two levels: On a first level they are administra-
tive costs which occur during the design and set-up phase of the policy or measure,
during its implementation and during the monitoring process which includes reporting
and verification. On a second, more abstract, level regulators face transaction costs.

1. Administrative costs, listed in chronological order of occurrence:

e Design and set-up costs: costs that arise during the design and start-up
phase of the given measure. These costs include costs for personnel, mate-
rial costs and expenditures for research and development in order to ensure
that the given policy and measure can be and is put in place. Moreover, it
may also include costs relating to actual government support schemes, such
as investment subsidies, grants etc.

e Implementation costs: costs that arise to put a given policy in place. These
costs include efforts to change rules and regulation, capacity building efforts
and other institutional efforts (IPCC, 2007®). The costs that arise here are
the same as in design and set-up costs.

e Monitoring, reporting, verification costs: resources spend on enforcement
and monitoring (Pizer & Kopp, 2003)". The costs that arise here are the
same as in design and set-up costs

2. Transaction costs: Transaction costs in general are costs that have no market
price and as such are not physically paid but are incurred when trading goods

'*|pcc. (2007). Costs and benefit concepts, including private and social cost perspectives and
relationships to other decision-making frameworks. Climate Change 2007: Working Group
[l Mitigation ~ of  Climate  Change. Retrieved May 17, 2011, from
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch2s2-4.html.

" Pizer, W. A., & Kopp, R. (2003). Calculating the Cost of Environmental Regulation (p. 61).
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or services (e.g. information costs, adjustment costs, idle costs etc.). In the giv-
en context they can be defined as the costs of implementing a climate mitiga-
tion policy under the prerequisite that appropriate implementation efforts have
been (or are in the process of being) put in place (IPCC, 2007)'®. Transaction
costs on regulators level occur for example for research and information, for
enactment or litigation on the legislature side, during the design and implemen-
tation (e.g. regulatory delay). Agencies incur several other transaction costs re-
lating to design and implementation, monitoring and detection. A typology of
transaction costs including these examples is proposed in McCann et al.,
2005,

While administrative costs on the regulator side can be described (and further as-
sessed ex-post) as defined and laid out in Section 10 of the Part Il — Annex to the Im-
pact Assessment Guidelines®, the quantification of transaction costs is out of the
scope of this study because identification of their complete magnitude does neither
seem feasible nor beneficial. One reason for this is the uncertainty about who actually
bears these costs (McCann et al., 2005)*".

Relevance of regulatory costs at regulators level

Regulatory costs at the regulator level are relevant for all policies and measures with
respect to conducting the required impact assessments as well as monitoring, reporting
and verification activities. They may be considered most relevant for large and genu-
inely new policy programs that require high upfront administrative and transaction costs
in its design, set-up and first implementation phase. Moreover, the will be more rele-
vant for policies that are based on large R&D activities which are often subcontracted
than for programs and are differentiated by actors than for policies of the command
style which put out regulatory standards and bans and apply uniformly for all covered
goods, products or activities.

3.1.3 Macroeconomic effects (economy-wide level)

Macroeconomic effects are important indicators of the impact a policy has on a societal
level. They can be assessed as effects on costs, employment, welfare, trade, structure,
allocation and distribution of resources and more. As whole-economy level effects, they
account for direct effects for an industry, firms, household or sector due to the policy or

'8 See above.

¥ Mccann, L., Colby, B., Easter, K., Kasterine, A., & Kuperan, K. (2005). Transaction cost
measurement for evaluating environmental policies. Ecological Economics, 52(4), 527-542.
doi: 10.1016/j.ecolecon.2004.08.002.

2 European Commission (2009) ‘Part lll: Annexes to Impact Assessment Guidelines’, SEC
(2009) 92, 15 January 2009

#' Mccann, L., Colby, B., Easter, K., Kasterine, A., & Kuperan, K. (2005). Transaction cost
measurement for evaluating environmental policies. Ecological Economics, 52(4), 527-542.
doi: 10.1016/j.ecolecon.2004.08.002.
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measure and indirect effects relating to simultaneous adjustments and feedback within
the economy and corresponding indirect costs in other industries, firms, households or
sectors. They can show varying levels of detail with respect to sectoral disaggregation
(whole economy, sector level according to a 2, 3 or 4 digit level of economic production
(e.g. NACE)) and may be expressed in different ways. The relevance of each of these
effects is discussed further below.

Gross domestic product (GDP) effects: GDP is a measure of total national eco-
nomic production. Environmental policies can lead to an increase or decrease
in production, both in the sectors directly affected and in other sectors. A
change in GDP captures the net (production) effect of all these simultaneous
sector adjustments. A loss of GDP is a cost to the economy.

Employment and unemployment effects: A policy or measure may lead to
changes in employment in both the regulated entities and the regulators. For
example additional staff may be required to exercise tasks relating to the de-
sign, set-up, implementation, monitoring or evaluation of a policy. If this policy
leads to a reduction in economic output, jobs may be lost as a result and this
may have further knock-on effects in other sectors. The resulting net employ-
ment effect (direct and indirect) is often an important indicator for the assess-
ment of policies and measure, in particular in countries with high unemployment
rates and unemployment support schemes.

Structural change (winners and losers in business): Structural effects on busi-
nesses are often displayed as changes in value added (roughly GDP by sector).
They refer to changes in production in sectors that are affected by the policy, ei-
ther directly (e.g. complying with a new standard or regulation, investment sup-
port) or indirectly (e.g. through supply chain effects).

Distributional effects (winners and losers in society): The distributional effects
identify how different groups in society are affected. It is often measured in
terms of real incomes or spending power. For example, if a policy leads to a
loss of jobs in low-paid sectors, or increases fuel prices to low-income house-
holds, it could be the most vulnerable groups that are worst affected.

Environmental effects: Climate policy may have other costs/benefits. For exam-
ple, lower coal combustion reduces CO, emissions, but also local air pollution. It
is possible to estimate the value of these effects in monetary terms, taking into
account the effects on human health, and damages to buildings and crops. In
Europe the ExternE series of projects® provides estimates of the benefits of re-
ducing air pollution. Other environmental effects that could be covered in similar
ways include damage to the local and rural environments (e.g. from power lines
or renewables) and noise pollution from vehicles. However, as the

2 See http://www.externe.info/ for details of methodologies used, including definitions and as-
sumptions used.
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costs/benefits are often particular to a local area, they are likely to require a
specific economic assessment. They are not included in most standard as-
sessment approaches but can be calculated separately.

e Other economic impacts: Other economic indicators that could be affected by
climate policies include investment, government balances and international
trade flows. These are included in GDP results but may be of interest to particu-
lar focus groups.

o Welfare: Measures of welfare are sometimes used to summarise some or all of
the above indicators; they typically combine detailed versions of the individual
elements to give a single output that can be used by policy makers.

Box 3.2 Informational Box: Welfare Measures

Welfare gains or losses can be measured as the sum of producer and consumer sur-
plus gained or lost triggered by an environmental policy implementation: If an environ-
mental policy for example triggers a price increase, consumer surplus is lost due to the
higher price that consumers will now need to pay for an unchanged amount of a given
commodity. In turn, producer surplus is lost as a consequence of consumers reducing
their demand for the given good in view of the higher price.

Another way of approximating welfare changes are the concepts of compensating vari-
ation (CV) or equivalent variation (EV). The former (CV) determines the amount of
money that would be necessary to make the consumers of an economy as well off after
a change than before the change (e.g. before and after the implementation of an envi-
ronmental policy). The latter (EV) is the amount of money that needs to be taken away
at the original price to reduce the individual's welfare by the same amount as the price
rise. CV and EV thus provide measures of the welfare effect for consumers in monetary
terms. In general, they are similar in size and comparable to the measure of consumer
surplus.

Relevance of macroeconomic effects for a given policy

In a policy analysis, the macroeconomic effects can be much more difficult to quantify
than the compliance and regulatory costs described above; while those are able to fo-
cus on single entities, an evaluation of macroeconomic effects must take into account
impacts on every sector in the national economy. It is therefore important to determine
at an early stage in the analysis whether it is necessary to include macroeconomic ef-
fects.

GDP effects

It is easier to answer the question of when not to include GDP impacts in a policy anal-
ysis. This is usually when either economic impacts are very small (i.e. there is no im-
pact on GDP), or when the impacts are limited to a single sector (i.e. the absolute
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change in output in that sector equals the absolute change in GDP). However, it should
be noted that in the modern economy with integrated supply chains, it is rare to be able
to view a sector in isolation. For example the nitrates directive may only apply to agri-
culture directly, but will also impact on chemicals firms through changes in demand,
and households through changes in food prices.

GDP effects will tend to be larger when sectors that contribute a large share of eco-
nomic output (i.e. services in much of Europe) are affected by the policies.

Employment and unemployment effects

The level of economic output is a key determinant of employment levels, so if a policy
is expected to lead to a large change in economic output (either at the sectoral or mac-
roeconomic level) then there is likely to be an impact on the number of jobs. However,
when considering employment effects it is not just the number of jobs that are impor-
tant; the types of jobs and their skills requirements are also important.

Employment effects are likely to be larger when labour-intensive sectors are affected
by policy. If policies are simply diverting jobs from one activity towards another with no
net impact (if workers with the right skills are available) then employment effects may
be less relevant.

Climate policy is unlikely to have much impact on the supply of labour, so it can be as-
sumed that any reduction in employment is matched by an increase in unemployment.

Structural change

All policies will lead to structural change to a certain extent, as that is their aim. In gen-
eral, any policy analysis that considers GDP should be able to include an assessment
of any sectoral impacts, because GDP is the sum of these impacts.

Important questions include which sectors stand to gain or lose the most and how the
negative impacts could be offset. The issue of employment is also linked, for example if
it is found that the jobs in the growing sectors have very different requirements to those
in the declining sectors.

Distributional impacts
It may be important to consider social and distributional impacts if:
e There are large changes in employment or wages (see above)
e There are changes in the prices that households pay for products

Distributional impacts are probably less relevant if it is only businesses that are af-
fected and there are no major employment effects.

Environmental impacts

The assessment of non-climate environmental impacts may be relevant to all policies,
but particularly those that reduce fuel consumption in built-up areas.

Other economic impacts

14
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These will be included in GDP impacts and, in general will be relevant to an analysis in
the same cases that GDP impacts are.

Welfare impacts

All of the above feature as components of welfare; the advantage of the welfare indica-
tors is that they combine this into a single number. Therefore this would be appropriate
if the policy has many different impacts across a wide range of actors.

3.1.4 Summary and overview

Various measures of costs can be used to assess ex-post the efficiency of policies and
measures. These costs occur on different levels of economic activity and may be quan-
tified using different approaches (see Section 3.3 for methodologies of ex-post quantifi-
cation of socio-economic costs). This chapter aimed to cluster different cost types, pro-
vide measures for their quantification, and illustrate the level of economic activity they
occur on. An overview of this is shown in Table 3.2.

Table 3.2 Overview of levels where mitigation costs occur, what kind of specific costs
they face and which general cost types the specific costs can be related to

Level Specific cost type (defined below) General cost
type
Regulated entities Investment and operating costs direct costs

e Investment

e Variable inputs (fuels, transport etc.)
e Operation and maintenance costs

e R&D costs

Administrative costs
o Costs for reducing barriers to imple-
mentation and information
e Transaction costs
e Other direct costs

e Production losses indirect costs

e Losses in revenue

e Changes in prices/costs of input fac-
tors and output

Regulators Administrative costs direct costs
Design, set-up

Monitoring, reporting, verification
Transaction costs

R&D costs

15



Oko-Institut, AMEC, Cambridge Econometrics, TNO Final Report

Whole economy GDP effects direct and indi-
level Employment effects rect costs
(socio-economic Marginal abatement costs

costs) Structural change

Distributional impacts
Environmental impacts
Other economic impacts
Welfare losses

While all these cost types or cost components are likely to be affected by a regulation,
not all of them are equally relevant when analysing socio-economic cost effects. The
decision on which cost types to analyse in more detail was discussed in detail above. It
will depend on a number of factors:

e The level of economic agents that are to be considered.

e The specific policy or measure under consideration as some policies or meas-
ure may not induce a large effect on a specific cost type or component, e.g.
small programs or policies only affecting a single sector or a low share of over-
all emissions may not result in large GDP effects, such as the F-Gas regulation.

e The resources available for the assessment, as in general the assessment of
indirect effects requires information on all sectors in the economy with their re-
spective data and more elaborated assessment tools.

Generalized and highly simplified, it can be concluded that investment and operating
costs are highly relevant for all polices and measures that induce large investment ac-
tivities into new equipment or retrofit of equipment. Administrative costs at the regu-
lated entity level are deemed most relevant for small and medium sized enterprises.
Regulatory costs at the regulators level seem most relevant for programs that require
substantial administrative efforts both on the Commission as well as the Member
States level while macroeconomic effects may be considered most relevant for policies
that affect a large range of sectors or affect a sector or activity which is highly inte-
grated in vertical supply chains. It should be noted though that these conclusions are
highly simplified and need to be seen in context of the actual policy and its mecha-
nisms that is to be assessed.

3.2 Recommendations for performing ex-post assessment of direct
and indirect socio-economic costs of climate policies and
measures

3.2.1 Introduction

In this section we introduce the different assessment methodologies and bring them
together with the different levels of economic agents and cost types to give recommen-
dations of preferred means of assessment and practical guidance to applying the rec-
ommendations.

16



Oko-Institut, AMEC, Cambridge Econometrics, TNO Final Report

We start out with a brief introduction to the assessment approaches (a detailed over-
view and discussion of the assessment methodologies can be found in Section 3.3.).
We then focus on linking the cost types introduced in Section 3.1 to these assessment
methodologies. We give guidance with respect to the question how to estimate costs
(or cost components) in practice. This includes guidance on selecting the appropriate
assessment methodology to tackle a particular cost type and the data needs as well as
potential gaps that could prevent a detailed and comprehensive analysis. We conclude
our recommendations with a set of important tips and caveats for conducting a socio-
economic cost assessment of policies and measures.

Further down, in Section 3.4, we additionally attempt to illustrate how to bring the cost
types, assessment methodologies together with specific policies and measures that are
considered within the scope of this project. This aims to provide illustrative practical
guidance for assessing the socio-economic costs of current energy and climate policies
in the European Union.

3.2.2 Brief overview of assessment approaches

There are a number of different assessment methodologies available that could be
applied to estimating costs. These are characterised below:

Figure 3.2 Methodologies for cost assessment

Methodologies

General modelling
Partial modelling
Input-output analysis
Systems of equations

Econometric estimation

Increasing Depth/Complexity

Simple analysis

Increasing Breadth of Coverage

The above illustration highlights the fact that there are often trade-offs between the
breadth of coverage (across different parts of the economy) and the depth of coverage
(in terms of level of detail within directly-affected parts). This is discussed further in
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Section 3.2.4. The modelling options are also usually much less flexible in the way they
can be applied.

It should not be assumed that a complex methodology should be preferred to alterna-
tive approaches. There are some factors that reduce substantially the attractiveness of
using such an approach:

o The level of resources required to apply the methodology makes a quick (and
rough) assessment impossible.

¢ Data requirements tend to increase in line with level of complexity (e.g. qualita-
tive analysis does not require any hard data but models require large and com-
plete data sets).

e If complex models are not backed up by theoretical foundations or if data is not
sufficiently tested for its fit, they may appear to give false robustness to results.

e Simpler approaches are easier to understand and present to policy makers.

The different assessment methodologies are described in detail in Section 3.3, with the
characteristics of different methodologies summarised in the table below.
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Table 3.3 Characteristics of methodologies
Methodology
Basic as- Intermediate assessment Modelling
sessment
Simple anal- | Econometric Systems of Input-output Partial / Gen-
ysis estimation equations analysis eral modelling
Gives direct Yes Yes Yes Yes Yes
costs
Gives indirect No No Partially Yes Maybe
costs
Degree of Low Medium Low to Me- Medium High
complexity dium
Data Low Medium Medium Low High
requirements
Software Spreadsheet | Econometrics | Depends on Spreadsheet Specialised
required or less package application
Suitable for ex- | Yes Yes Yes Yes Usually
post analysis
Main Flexible, Flexible, can Flexible, gives | Gives indirect High level of
advantages easy, low- estimate un- some indirect | impacts detail
cost observable costs
factors
Main Information | Needs careful | Scope limited | Quite rigid High cost,
disadvantages yielded is interpretation | by the equa- assumptions limited to
limited tions included existing tools

3.2.3 Practical guidance for linking the cost types and components to the as-
sessment methodologies

This section aims to provide guidance on the necessary steps and decisions to conduct
an ex-post assessment of socio-economic costs of policies or measures. It provides a
step by step approach including the identification of relevant cost types, selecting the
appropriate assessment methodology and pointing out the data and resource needs.
We conclude our recommendations with a set of important trade-offs, tips and caveats

for conducting a socio-economic cost assessment of policies and measures.

In order to link the costs to the assessment methodology, the following steps should be

addressed.
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Table 3.4 Step by step approach for socio-economic cost assessment

Step 1 - Determine the level at which the costs are to be assessed (see Section 3.1)

Step 2 - Determine the type of cost to be assessed (see Section 3.1)

Step 3 - Determine the suitable methodologies for the cost type or cost component
to be assessed (see below)

Step 4 — Assess data needs, data availability and quality (see below)

Step 5 — Check resource requirements and availability to pursue assessment meth-
odology

Step 6 — Proceed with assessment - or in case of data or resource constraints - re-
consider assessment methodology compromising on breadth or depth

Step 3 - Determine the suitable methodologies for the cost type or cost compo-
nents to be assessed

Step 3 aims to identify the suitable methodology for each cost type or cost component.
There is a fairly wide range of options available for some cost types while a more lim-
ited portfolio seems relevant for other cost types.

Table 3.5 suggests the methodological options for quantifying the different types of
costs. Providing an assessment of physical compliance costs is possible with a wide
range of approaches that differ — as described above — in their ability to reflect depth
and breadth of results; for administrative costs only a basic approach is available (al-
though the results of this could be fed into a model), and the linkages required for a
whole-economy analysis limit the options for this type of assessment..
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Table 3.5 Suitable methodologies for each cost type

Type of Cost Suitable Methodologies

Regulated Entities:

Operating and investment costs Basic assessment
Econometric assessment

System of equations

Partial model
Administrative costs Basic assessment
Regulators:
Administrative costs Basic assessment
Whole economy:
All costs Input-output analysis

General model

In the following sections more detailed guidance will be given on how to select a suit-
able methodology for assessment of a specific cost type and how in principle to pro-
ceed to estimate the cost effects for the respective methodology.

3.231 Regulated entity level:

Many policies and measures immediately induce costs for companies or business as
well as households relating to the implementation of the required mitigation measures.
These include investment and operating costs as well as administrative costs for com-
pliance.

Investment and operating costs (regulated entity level)

Investment and operating costs can be assessed on various levels of detail with re-
spect to the depth and breadth of analysis.

Qualitative assessment (Tier 1): The simplest approach is a qualitative assessment
which involves a qualitative description of the potential (expected) effects on invest-
ment or operating costs due to the policy or measure including. It does not involve ac-
tual cost estimates based on data, however, it is designed to provide an estimate of the
direction of change (positive, negative) and its relative size (small, medium, large). It
can also give an indication on which area of technology or input factors may be af-
fected the most and whether effects further up the supply chain may be expected.
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Usually, such qualitative assessment is done by expert judgement either on a single
basis or through surveys (e.g. Delphi survey). Such an assessment does not require
substantial amounts of resources, but may be time-intensive if done via multi-person
surveys. The interpretation of results is usually limited.

Basic assessment (Tier 1): A basic assessment approach is a simple quantitative
analysis usually in “spreadsheet-modelling” style. It is based on simple relationships of
variables (equations) and requires limited details of data. It can be applied to assess
direct abatement costs and benefits (e.g. basic (direct) employment effects) at the op-
erator level. Costs are estimated on the basis of a simple function, such as unit costs *
quantity (e.g. ETS price * quantity purchased) or abatement costs that give the net
costs in relation to the mitigated emissions. Sometimes costs per unit of reduction are
considered at a particular stage of abatement, these are referred to as marginal
abatement costs. They ignore the fact that costs at an earlier stage of abatement may
have been lower. A basic assessment approach can only be used to quantify direct
effects. There are no feedback mechanisms that allow to include the effects of induced
changes in other parts of the economy or of rebound effects (e.g. a policy leading to an
increase in energy efficiency results in decreased operational (energy) costs for
households and with a higher available budget to be spent additional energy consum-
ing goods may be purchased and again increase energy demand, possibly to levels
higher than the original one).

The procedure of using a basic assessment approach is to set up a simple equation to
assess the costs relating to changes in investment or operation, such as net costs =
additional/reduced investment costs + additional operating costs — reduced operating
costs. Data will need to be collected for both the reference scenario (without the policy
or measure) and the policy scenario and the results for the two scenarios will be com-
pared. In order to assess how a development without the policy would have looked like,
an average pre-policy (growth) trend for investment or operating costs can be used.
This implies that the exact starting date of the policy is known. As lag effects may be
relevant, sensitivity analyses for trends with varying pre-policy time periods may sup-
port the analysis and provide a range of possible cost effects.

Collecting data on investment, operation and maintenance (capital investment, energy
labour, spare parts, retrofits, new build etc.) costs can sometimes be difficult as these
data concern company data and are often confidential. Annual company reports may
provide some of the required information. Moreover, surveys and interviews may be
conducted to reveal investment and operating costs (before and after the introduction
of the PAM). In a more aggregate (sector based) scheme the data may also be pub-
lished in official statistics or sector association publications. Changes in energy costs
which are part of the operating costs may be derived based on physical energy con-
sumption data and energy prices; a change in energy consumption can be multiplied
with the respective energy price to estimate the effect on energy costs. Data on physi-
cal energy input may be obtained as suggested above, while data on energy prices
may be available from the International Energy Agency (IEA) or from national utility
publications (electricity) as well as national statistics.
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A basic assessment approach can always be used to get a first idea of the potential
cost effect of a policy or measure. It does not require much time or resources and can
be done without sophisticated computational or modelling skills.

Intermediate assessment (Tier 1 to 2): An intermediate assessment approach would
go beyond the basic simple assessment in allowing for multiple simultaneous relation-
ships of variables and/or in allowing to conclude on unobservable relationships based
on the information from past data. The former can be addressed by setting up a system
of equations rather than a simple equation to assess the effect of changes in demand
and output due to the policy or measure. A more detailed description along with an
illustrative example for this approach is provided in Section 3.3.3.

A system of equations allows for substantially more depth (level of detail within di-
rectly-affected parts) as it accounts for interaction within input and output variables and
can to a limited extent provide information on indirect costs. Naturally, such a system of
equations will always depend on the actual activity/sector/policy and measure under
consideration. As such, it requires careful specification of equations (functional rela-
tionships of major inputs to the activity as well as on outputs (including by-products)
from the activity) and thus needs expert knowledge on the input and output processes
at least in the sector directly covered by the policy or measure. The procedure for the
approach is similar to the basic assessment approach with the exception that a more
complex system of equations needs to be elaborated. Depending on the complexity, a
simple spreadsheet tool may be sufficient or more sophisticated numerical software
packages may be needed. In terms of data requirements, the same as in the basic as-
sessment approach applies. Furthermore, additional data is needed for the variables
that are considered to enter the equations. This could, for example, include information
on energy prices for alternative fuels or prices for alternative products or inputs to ana-
lyse their influence on the investment and operating costs of the affected activity.
Again, the data needs highly depend on the actual activity and its respective character-
istics induced by the policy and measure. In terms of Tier classification this approach
can be considered a Tier 2 approach in terms of depth and a Tier 1 to 2 approach in
terms of breadth.

Example of a linked set of equations

An analysis of ETS costs, in terms of lost economic output, was carried out at Euro-
pean level for a selection of energy-intensive sectors at the NACE 4-digit level. The first
stage in the process was to estimate the absolute carbon costs faced by each sector
(including a proxy to take into account higher electricity costs); this was divided by
turnover to get a relative cost increase which was assumed to be passed on to users.
These figures were then combined with a set of price elasticities, which were estimated
using econometric panel-data methods, to give an estimate of loss of output in domes-
tic and foreign markets. Summing the two gave a total loss of output.

Apart from the econometric estimation, all the calculations were carried out in a
spreadsheet and, although the calculations involved several assumptions, they pro-
vided an indication of potential loss of real economic output for each sector.
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Econometric analysis: Econometric (or regression) analysis provides a similar ap-
proach which is also based on single or multiple equations but with a focus of using
historical data to estimate behavioural (and unobservable) relationships that cannot be
directly measured. A more detailed description along with illustrative examples can be
found in Section 3.3.3. The exact specification of the regression equations varies highly
by activity and sector affected by the policy or measure. In terms of procedure, expert
knowledge and judgement is needed to set-up such a specification, conduct the esti-
mation and interpret the results. The actual estimation and interpretation requires ex-
pertise in econometric and statistical analysis (theory and practice) including the testing
of statistical parameters to assure quality and robustness of the results. Software
packages are available for purchase to support the econometric analysis. Data re-
quirements for econometric analysis go far beyond the requirements described for the
basic assessment approach as time series data of sufficient lengths for each variable is
needed in order to conduct the analysis and ensure quality. In terms of Tier classifica-
tion, this approach can be considered a Tier 2 approach in terms of depth and a Tier 1
approach in terms of breadth.

Modelling approach: The most appropriate modelling approach to assess direct in-
vestment and operation costs to the regulated entity is a partial model. As discussed
in detail in Section 3.3.4, partial models are able to include and analyse detailed infor-
mation on a particular sector both in terms of monetary and physical units, thus reflect-
ing engineering relationships and constraints. They provide a well suited approach for
the assessment of direct compliance costs to the regulated entity (agents, business
and sectors). However, they do not take into account potential feedback or indirect ef-
fects on or from other sectors. In cases where impacts on other sectors are likely, link-
ing of individual models may present a suitable complement®.

Procedure: In order to conduct an assessment using a partial model access to an ap-
propriate model as well as in-depth expertise with the particular models is required. In
some cases models are open access and can be adjusted to the question under con-
sideration (e.g. GEMIS, http://www.gemis.de/). In most cases, however, such models
would need to be purchased and individually applied. Alternatively, specific model runs,
and the analysis thereof, can be contracted out to respective organizations.

Data requirements are usually very high because detailed information on specific sec-
tors and technologies is needed, sometimes reflecting several hundred different tech-
nology options. Generally, though, most of these data are stored within the model
framework and only need to be supplemented by data relating to the policy or counter-
factual scenario under consideration.

In summary, partial models present a well suited Tier 3 level approach in terms of
depths and a lower Tier level in terms of breadth, though for the assessment of direct

% Such an approach has successfully been applied in Task 3, testing of the EU ETS, by linking
an electricity sector model (PowerFlex) with a macroeconometric model (E3ME).
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compliance costs to the regulated entity a broad range of breadth does not seem es-
sential.

Examples and good practices

A number of examples exist for the ex-post estimation of compliance costs at the regu-
lated entity level. The presentation of compliance costs generally differs by the policy
and measure scrutinized, for example policies relating to Nitrates or Agriculture report
costs in € per hectare, per Nitrogen or per litre of milk produced. This reflects the fact
that some policies do not primarily aim at reducing greenhouse gases and are thus
difficult to compare in terms of cost-effectiveness or efficiency. For polices and meas-
ures primarily aiming at reducing specific energy demand or non-energy greenhouse
gases, compliance costs are usually reported in terms of € per t of CO.eq mitigated.

Numerous examples for analyses of (marginal) abatement costs can be found in the
literature (e.g. McKinsey (2007)**; or as an online tool for Austria http://www.co2-
vermeidung.at/?page_id=204). These studies usually take a forward looking approach
and analyse and rank abatement costs by implementation measures. A similar ap-
proach can be used in ex-post assessments by looking back at which measures were
actually implemented in the context of a specific policy and assessing the additional
costs of the implemented measures in comparison to the counterfactual scenario®. In
case studies, IVM (2006, ibid.) quantify the costs to business for six policies including
the Nitrates Directive and the IPPC Directive. They focus on comparing the results to
ex-ante studies and find that the costs tend to be overestimated in ex-ante settings.
However, they point out that a comparison suffers from significant methodological bar-
riers. The ex-post estimates were derived for two countries (Denmark, Netherlands) for
the Nitrates Directive depending on data and resources availability.

A good example of how a partial modelling approach can be applied for an ex-post
assessment is provided in the previous study (AEA, 2009)*°. The PRIMES model that
is primarily used for ex-ante assessment was modified and recalibrated for an ex-post
assessment of selected EU policies and measures (including the ACEA agreement, the
Biofuels Directive and the RES-E Directive). In the context of the previous study, the
model was not used to arrive at cost estimates though.

 Here for Germany,
http://www.mckinsey.de/downloads/presse/2007/070925 Kosten und Potenziale der Verm
eidung von_ Treibhausgasemissionen in_Deutschland.pdf

% For a discussion of the counterfactual scenario, please see Section 3.3.1, IVM (2006) Ex-post
estimates of costs to business of EU environmental legislation, Report under
ENV.G.1/FRA/2004/0081, AEA et al. (2007) Assessing how the costs and benefits of envi-
ronmental policy change over time,

% See AEA et al. (2009): Summary of the results of the decomposition analysis performed using
the PRIMES model, http://ec.europa.eu/clima/policies/g-gas/studies _en.htm
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3.23.2 Regulator level: Administrative costs

The European Commission provides a standardized method for estimating administra-
tive costs called the EU Standard Cost Model. The approach is summarized on the
Commission website?” and is described in Annex 10 of the Impact Assessment guide-
lines?®.

In brief the EU Standard Cost Model is a basic calculation that consists of multiplying
the expected time commitment of the administrative burden, by the average labour
costs of those involved, and then summing across the affected entities. The Impact
Assessment guidelines stress the proportionality of following this approach; i.e. if the
administrative costs are small then a simple calculation is sufficient.

3.2.3.3 Whole economy level: Macroeconomic effects

If the policy is likely to have a macroeconomic impact (i.e. effects on sectors beyond
those directly affected) then a comprehensive assessment will need to cover whole-
economy effects.

As the methodologies that estimate macroeconomic effects require a set of data that
covers the whole economy, they are rather limited in number and are quite formal in
approach. The two main options, described below, are input-output analysis and gen-
eral modelling. The choice of approach in part depends on the context but also the lev-
el of resources available; the Tier 3 modelling approach is likely to be much more in-
tensive than a less complex input-output analysis.

Input-Output analysis (Tier 2)

Input-output (IO) analysis is described in more detail in Section 3.3.3, including a sim-
ple example. It is closely linked to the calculation of multiplier effects and essentially
translates impacts in one sector into impacts at the macroeconomic level. 10 analysis
can be carried out relatively easily in a spreadsheet package with little specific exper-
tise required.

The main data input is an input-output table, which provides a statistical interpretation
of supply chains and inter-industry linkages. 10O tables are now available for nearly all
Member States, either published by Eurostat®® or national statistical offices. It is prefer-
able to use an IO table for as recent a year as possible to ensure that the figures used
are up to date.

Before carrying out an IO analysis, it is necessary to determine the loss of output in the
sector that is directly affected (see above), and 10 analysis can be applied to any policy

o7 http://ec.europa.eu/governance/better regulation/admin_costs en.htm

Bhttp://ec.europa.eu/governancelimpact/commission guidelines/commission guidelines en.ht
m

http://epp.eurostat.ec.europa.eu/portal/page/portal/esa95 supply use input _tables/introductio
n
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type for which this direct loss of output may be estimated. After this the calculation is
relatively straight forward.

The limitations of the approach are also described in Section 3.3.3 and relate to the
fixed structure and level of sectoral detail (NACE 2-digit level). The first of these limita-
tions can be addressed by applying a modelling approach (see below) but there is no
standard approach to deal with the latter, given available data. There are also limita-
tions to the costs that input-output analysis can cover; a standard 10 analysis will give
impacts for GDP and structural effects (and could be extended to cover employment),
but it is not able to cover the other cost types in Section 3.1.3.

General modelling (Tier 3)

General modelling is a term that is used to describe modelling approaches that cover
the whole economy (as opposed to partial models that cover a specific sector). This
group of models includes CGE (Computable General Equilibrium) and macro-
econometric approaches.

Typically these models are based around an input-output table, as described above,
but also capture more complex and behavioural relationships (for example, models
include measures of and responses to price, which are not present in input-output
analysis).

The main drawback to the approach is the high level of resources available, in terms of
time required, costs and data. Model-based analyses will in most cases require exter-
nal contracting to organisations that have specific capacity. Before undertaking a mod-
el-based analysis it is thus important to ensure that there will be noticeable impacts at
the macroeconomic level.

The most common types of models are described in Section 3.3.4. The IA Tools web-
site® also provides information about model-based approaches and how they can be
applied in policy analysis. Although less specialised than partial models, even general
models can have different specialist areas, such as energy or transport, which may be
of relevance to a particular policy area.

Although the modelling approach as a whole can cover all of the cost types outlined in
Section 3.1.3, specific models may only include subsets of these costs so it is impor-
tant to be clear about requirements.

Combining methodologies

Combining methodologies gives an option for providing a simultaneous assessment of
these different types of costs. For example, if a quantitative assessment of administra-
tive costs was used to provide inputs to a combined partial/general modelling system, it
would be possible to address all the cost types.

% http://iatools.jrc.ec.europa.eu/bin/view/IQTool/WebHome.html
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There are therefore quite strong potential benefits of combining different approaches.
However, there are also costs involved in this, as the resource requirements are rough-
ly the sum of the two or more individual approaches, plus extra costs for forming the
linkages. Particularly when linking models these costs may be considerable.

Example and good practices

Assessment of the CHP Directive: The assessment of the economic costs/benefits of
CHP combined a Tier 2 level analysis of direct costs with a Tier 3 macroeconomic
model-based assessment of whole-economy costs/benefits.

The first stage of the analysis was to estimate the potential capacity (in energy terms)
for CHP in each Member State based on available literature, and the costs associated
with installing this capacity. These two factors were then put into the macro-
econometric E3ME model with an additional assumption that the available CHP re-
placed the same amount of heating fuels in houses and a second assumption about
how the investment is funded (e.g. through public subsidy or by energy companies).
The modelling determines the macroeconomic impacts of the extra investment and
reductions in fuel consumption, so the combined outputs of the analysis give both a
detailed assessment of direct CHP effects and an indication of the wider economic im-
pacts (Impact Assessment on the Energy Efficiency Directive,
http://ec.europa.eu/energy/efficiency/eed/eed en.htm).

Assessment of EU ETS Directive: Within the current study, we modify a bottom-up
partial model for an ex-post application and link it to a macro-econometric model to
assess the environmental and socio-economic effects of the EU ETS Directive. The
modified and linked versions were tested for several Member States, details on the
methodology and results are presented in Section 5.1
3.2.4 Conclusions
Overview
When conducting an assessment it is advisable to start with the following questions:

¢ What types of costs are covered?

e What is the policy area?
Then there is the issue of level of detail required:

e Degree of accuracy in results

o Level of sectoral detail (and possibly geographical detail)

This must in turn be matched against the available resources.

A step by step approach for socio-economic cost assessment was laid out in Section
3.2.3. Following these steps can help taking the necessary decision on the appropriate
cost type and methodology in light of available data and resources to conduct an ex-
post quantification of socio-economic costs.
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It is a difficult task to summarise this into a general “one size fits all” approach to carry-
ing out an assessment and it must be stressed that even setting up such an assess-
ment could be a major task. The issue of data availability is key but will vary between
each of the policy areas (and possibly by country as well) and must be considered on a
case-by-case basis.

Trade-offs and the tiers of methodologies

The situation is further complicated by the fact that there are often trade-offs between
the factors above. For example, an assessment approach that provides the greatest
level of detail in a single sector is more likely to neglect other sectors. It is not possible
to categorise methodologies into the simple Tier 1, 2 or 3 groups as has been done
previously®'.

These trade-offs can essentially be reduced to three types®:
e Depth of analysis
e Breadth of analysis
e Resources required

The depth of analysis refers to the level of detail and complexity of the direct costs
within a single sector. The breadth refers to the coverage of different sectors and geo-
graphical regions (which could mean more countries or a greater level of spatial detail).

It can be concluded that as the breadth increases, the depth of the analysis tends to
decrease, as the assessment approach applies a ‘lowest common denominator’ ap-
proach, so that it can apply the same methodology to all regions/sectors.

The resources required include data and the time to carry out (and document) the as-
sessment, but also the ease with which results can be interpreted. The level of re-
sources required tends to increase in line with both the depth and the breadth of the
analysis. Linking different assessment methodologies would be an approach that aims
to maximise both depth and breadth, but comes with substantial resource requirements
attached (see Section 3.3.5).

We thus propose to define the assessment methodologies in terms of these three cat-
egories. Within these three categories there are three different tier levels, as previ-
ously. However, as all the methodologies can be applied at Member State level (if the
data are available) this is not considered when allocating a tier level to a methodology.

Table 3.6 summarises the assessment methodologies, according to this classification.
Clearly an element of judgment is involved in applying the classification and it is of

3 AEA, Ecofys and Fraunhofer ISI (2009): Quantification of the effects on greenhouse gas
emissions of policies and measures (ENV.C.1/SER/2007/0019)

%2 The detailed review of approaches in Section 3.3 highlights some more of the trade-offs be-
tween these dimensions.
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course dependent on the specific application or model involved, but this summary is
intended to provide a general guide.

Table 3.6 How the methodologies fit into the tiers

Depth Breadth Resources

Basic assessment Tier 1 Tier 1 Low
Econometric analysis Tier 2 Tier 1 Medium
System of equations Tier 2 Tier 1/2 Medium
Input-output analysis Tier 1 Tier 3 Medium
Partial model Tier 3 Tier 2 High
General model Tier 2 Tier 3 High
Linked model Tier 3 Tier 3 Very high

Conclusions drawn in the literature

These conclusions close with a set of findings and recommendations from previous ex-
post evaluations or meta-studies analysing such ex-post evaluations for various poli-
cies, including climate change policies. Within the ADAM project®®, a meta-analysis of
evaluation studies within Europe (focus on Finland, Germany, Poland, Portugal, the UK
and the EU) revealed that evaluations most often address the energy, business, indus-
try and transport sectors. According to the analysis within the ADAM project, the evalu-
ation community in the UK is most sophisticated. The UK has developed a ‘standard-
ised’ system for climate policy evaluation, based on common guidance documents pro-
duced by an ‘inter-departmental analysts group’ (IAG). “These guidance documents
served as a template to structure the policy analysis that informed the 2006 Climate
Change Programme Review (DEFRA 2006)**. An important objective of this guidance
was to allow for consistent ranking of policies according to their cost-effectiveness, and
the guidance is particularly specific about which impacts should be monetised. A sys-
tem of peer review is designed to ensure that the guidance is observed.”

On the EU level, the ex-post evaluation of environmental policy performance in general
remains a relatively recent and limited phenomenon (Goérlach et al., 2005; AEA et al.,
2009)*. While several environmental Directives require the regular evaluation of per-

% VM (2008). Adaptation and Mitigation Strategies: Supporting European Climate Policy. D-
P2.4 An appraisal of EU climate policies, 3 Paper: Climate change policy evaluation across
Europe.

* DEFRA (2006) Greenhouse Gas Policy Evaluation and Appraisal in Government Depart-
ments, for Environment, Food and Rural Affairs, London.

%% Gorlach et al. (2005). Cost-effectiveness of environmental policies - an inventory of applied
ex-post evaluation studies with a focus on methodologies, guidelines and good practice
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formance, few of these explicitly require an assessment of their cost-effectiveness. At
the time of their study, only four environmental Directives explicitly mandated that cost-
effectiveness be assessed ex-post, two of which are directly related to climate change
(Directives 2001/77 on renewable energy, 2003/30 on biofuels and 2004/8 on cogene-
ration)

Continuous and consistent monitoring from the outset of a new policy on is considered
key to ex-post evaluation both in terms of tracking actual implementation patterns and
data. At best, ex-ante impact assessments would already provide research questions
for an ex-post assessment and identify the data required for it.

More attention has been paid to such monitoring and evaluation practices, as for ex-
ample in the project “Evaluation and Monitoring for the EU Directive on Energy End-
Use Efficiency and Energy Services (EMEEES)” within the Intelligent Energy for Eu-
rope Programme (see http://www.evaluate-energy-savings.eu/) and the predecessor of
the current study.

3.3 Overview of different approaches to quantitative analysis

3.3.1 Introduction

In this section we will give an overview of the possible methods used for quantitative
assessment of the costs of the various policies and measures. In conducting this re-
view, there are a number of dimensions that must be considered, for example:

e Policy area

e Type of cost assessed

¢ Methodological complexity of the approach

o Level of sectoral detail in the approach

e Level of geographical coverage

e Appropriate timeframe of use (e.g. long or short-term)

Figure 3.3 provides a very broad overview of the inputs and outputs from the assess-
ment process.

Specific Agreement No 3475/B2004.EEA.
http://ecologic.eu/projekte/3ea/panacealinc/downloads/1731_Cost-

effectiveness conclusions.pdf; AEA, Ecofys and Fraunhofer ISI (2009): Quantification of the
effects on greenhouse gas emissions of policies and measures (ENV.C.1/SER/2007/0019)
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Figure 3.3 Overview of the assessment process

Assumptions

Costs :
types of cost

Interpretation Assessment
of PAMs Method

level of detail

This review will aim to cover all of the main methodologies available, from the very
simple to the highly complex. The sources that we draw upon for the intermediate and
advanced methodologies include the IA Tools model inventory®®, the UNFCCC'’s inven-
tory®” and specific publications by the EU and operators of computer models. In addi-
tion Pollitt et al (2010)* provides a description of the main limitations of existing eco-
nomic models in assessing environmental costs. Although, due to their nature, more of
the available space is devoted to describing the more complex approaches, this is not
on its own intended to be interpreted as a clear recommendation.

Although the aim of this review is to be as broad as possible, the large humber of di-
mensions means that it is not possible to cover every single methodology; the aim is to
cover the ones that are most commonly applied (or could be applied) and are most
relevant to the project as a whole.

In this section we also depart from the standard Tier 1/2/3 definitions that have previ-
ously been used. Although this is a useful approach for categorising assessment meth-
odologies, it is recognised that the different dimensions, and the likely trade-offs be-

% See http://iatools.jrc.ec.europa.eu/
%7 See http://unfccc.int/cooperation_support/response measures/items/5112.php

B A scoping study on the macroeconomic view of sustainability’, see
http://ec.europa.eu/environment/enveco/studies modelling/pdf/sustainability macroeconomi

c.pdf

32


http://iatools.jrc.ec.europa.eu/
http://unfccc.int/cooperation_support/response_measures/items/5112.php
http://ec.europa.eu/environment/enveco/studies_modelling/pdf/sustainability_macroeconomic.pdf
http://ec.europa.eu/environment/enveco/studies_modelling/pdf/sustainability_macroeconomic.pdf

Oko-Institut, AMEC, Cambridge Econometrics, TNO Final Report

tween the levels of detail in these dimensions, means that a more flexible approach
must be adopted.

The review also aims to be as broad as possible in its coverage of the types of costs
outlined in Section 3.1. However, it should be noted that costs which either cannot be
defined or cannot be measured are generally excluded, as by definition they cannot be
incorporated into either ad-hoc assessment or formal modelling techniques. This is not
intended to give the impression that these costs are not important or should be ignored
from a comprehensive (i.e. qualitative and quantitative) assessment.

In addition to the methodological aspects, the review will consider the data required for
the assessment of policies and measures, as this is clearly a key constraint on the ap-
plication of methodologies. This will cover the availability of data in the policy areas, its
quality and usability as well as the gaps that remain to be filled to conduct a thorough
assessment.

A simple way of measuring costs would be to compare differences over time, i.e. be-
fore and after the introduction of a policy. However, the changes in costs may be due to
other factors. For example, energy costs for ETS sectors increased after the introduc-
tion of the ETS but this was only partly due to the ETS. The approach to do this is usu-
ally to set up and compare a baseline and scenarios, as described in Box 3.3.

Box 3.3 Baseline and Scenarios

Baseline and Scenarios

One common feature of all the assessment methodologies is the way in which the
estimates of costs are derived. In each case a baseline (what actually happened)
and counterfactual scenario (what would have happened had the policy not been
implemented) are set up. The costs are then estimated as the relative or absolute
difference between these two outcomes. This approach attempts to isolate the costs
that result from policy implementation from any other costs, for example those due
to changes in global energy prices or other policy.

Determining the counterfactual can be difficult in some cases, in particular if other pol-
icy measures target the same sectors or entities or if policies interact or interdepend.
Moreover, the implementation of policies and measures may differ by Member States.
All the approaches described below aim to identify the costs and benefits of climate
policy and fully separate these costs from other economic costs and allow for Member
State specific implementation.

In some cases it may help to compare the counterfactual of the ex-post assessment to
the business-as-usual scenario from ex-ante analyses that are part of the impact as-
sessment before a policy or measures comes into place. Though a number of reasons
exist why ex-ante and ex-post cost assessments differ (e.g. uncertainty with respect to
overall economic development and other key parameters, innovation of new and unan-
ticipated technology or methods, more detailed information ex-post on costs and pric-
es, differences in planned, adopted and implemented policies, time lags in implement-
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ing the policy)®, it may give an indication of the possible development without the pol-
icy.

3.3.2 Basic assessment approaches

The basic assessment approaches described in this section are in general on a par
with the Tier 1 and possibly Tier 2 methodologies used previously. They should not
require computer software more advanced than a spreadsheet. They may be appropri-
ate for estimating direct compliance or administration costs (where it is difficult to apply
more sophisticated approaches) but are unlikely to give an insight into indirect costs.
For example, in assessing the costs of the EU ETS, they may be able to give the costs
of compliance to a particular industry, but not to national or European GDP.

The essential inputs required for carrying out such an assessment are measures of unit
costs and the quantities involved. Following the example above, the cost of ETS com-
pliance at any given time could be estimated as:

Cost of ETS allowances = Number of ETS allowances purchased * ETS price
The EU standard cost model*° for administrative costs follows a similar approach.

The example in the equation highlights some of the key advantages of using such an
approach:

e |tis easy to make the calculation
e |tis easy to interpret the results

e ltis very flexible, e.g. it could be applied at firm level, sectoral level or national
level*'

e The data requirements are limited
e The method is suitable for ex-post analysis

The example above could easily be extended, e.g. to take into account allocated allow-
ances; it could be extended almost indefinitely to meet the user’s requirements (see the
description of systems of equations in the next section).

However, some caution must be required when using simplistic approaches for detailed
analysis as key feedback mechanisms are missing. While the example above may pro-
vide the cost of ETS allowances, this should not be interpreted as the loss in firms’

% For a more detailed discussion on the differences of ex-ante and ex-post assessments,
please see: IVM (2006). Ex-post estimates of costs to business of EU environmental legisla-
tion, Amsterdam or AEA (2007). Assessing how costs and benefits of environmental policy
change over time, report to the European Commission Ref. ENV.G.1/ETU/2006/0107r.

40 European Commission (2009) ‘Impact Assessment Guidelines’, SEC(2009) 92, 15 January
2009.

*! In economic terms described as the micro, meso and macro levels.
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profits because other factors in this calculation will also change (e.g. if the firm passes
on costs its sales may fall).

The flexibility of these types of assessment makes them suitable for carrying out pre-
liminary scoping analyses. If a simple analysis indicates very low costs it is unlikely that
a more complex approach will yield different results and may not be necessary.

Box 3.4 Marginal abatement cost curves

MAC curves

Another well-known example of this type of analysis is provided by Marginal Abate-
ment Cost (MAC) Curves, as produced by McKinsey & Company among others.
These exemplify the benefits of such an approach very well; although complex anal-
ysis underlies the findings, the results for each policy are simplified to include only a
cost and a potential reduction in emissions. Ease of interpretation has been the ma-
jor factor in the widespread adoption of the curves as a tool to aid policy makers,
despite their obvious limitations. Although a misunderstanding of these limitations
and the underlying assumptions means that false conclusions are often drawn from
MAC curves, the methodology itself provides a powerful tool for policy makers in
assessing short-term policy costs.

Top-down MAC curves

Top-downMAC curves exemplify the relationship between mitigation costs to the
actual mitigation (e.g. Euro/ton CO, mitigated). Top-down MAC curves are produced
by macroeconomic models with the results presented in a simplified form (as for the
curves described above). The difference in top-down MAC curves is that they
measure costs at the whole economy level rather than individual users. They indi-
cate the social costs of the last unit of mitigation (see for example (Klepper & Peter-
son, 2004) ). They correspond to the shadow price of implementing a policy meas-
ure and are often referred to as the implicit environmental tax associated with the

policy.
Klepper, G., & Peterson, S. (2004). Marginal Abatement Cost Curves in General
Equilibrium: The Influence of World Energy Prices.

In summary, it is important not to neglect the role that this basic type of assessment
may play; it is not necessary to always apply a complex macroeconomic model to esti-
mate cost impacts. Key advantages of this type of approach include its flexibility and its
ease of use and interpretation. However, at the same time it is important to recognise
the limitations of these approaches, both when carrying out an assessment and when
drawing inference from the results.

The characteristics of this type of assessment make it suitable for carrying out prelimi-
nary analyses to see if it is worthwhile committing the resources for applying a more
complex methodology.

Summary of key characteristics: Basic assessment methodologies
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Gives direct costs: Yes

Gives indirect costs: No

Degree of complexity: Low

Data requirements: Low

Software required: Spreadsheet or less
Suitable for ex-post analysis: Yes

Main advantages: Flexible, easy, low-cost

Main disadvantages: Information yielded is limited

3.3.3 Intermediate assessment approaches

The category of intermediate assessment approaches also covers a broad range of
approaches; the definition we use is somewhat arbitrary but the methodologies fall into
two broad groups:

o Those that use the available data to interpret unobservable relationships
e Those that consider more than one relationship simultaneously

The data requirements for these approaches are more onerous than those in the previ-
ous section but still much less than the modelling approaches discussed in Sections
3.3.3. These methodologies are thus also generally quite flexible and, although they
are probably beyond the scope of spreadsheet analysis, do not require huge amounts
of software expertise.

The following paragraphs describe three examples of methodologies that can be used
to estimate policy costs.

3331 Econometric analysis

Econometric (or regression) analysis is a statistical method for using historical data to
estimate behavioural (and unobservable) relationships that cannot be directly meas-
ured. It has a strong empirical basis. The techniques involved themselves form the pa-
rameters for many of the more complex modelling methodologies (see next section) but
can also be applied on their own.

Building on the example in the previous section, this approach could be used to esti-
mate the increase in price for a particular product, as a result of the ETS. It could also
be used to estimate the reduction in sales that result from this increase in prices.

Econometric equations are used to estimate elasticities (in the examples the increase
in price from an increase in costs, or the reduction in demand from an increase in
price), usually in percentage terms. The inputs are data sets which combine cases with
and without the changes, so that the differences can be analysed. These differences
can be either over time (e.g. before and after introduction of the ETS), over sector (e.g.
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those inside and outside ETS coverage), or in different geographical areas (e.g. inside
and outside Europe).

Basic econometric estimation can be carried out using a number of software packages,
although some expertise is required in defining the equations used (to prevent bias in
the results). The approach is subject to criticism and it is important to recognise some
of the limitations of the approach; these include dependence on the accuracy of input
data and the assumption that historical relationships can be used to estimate policy
changes (see Box). Although there are some alternative approaches available to esti-
mate unobservable relationships, including surveys and interviews, or real-life experi-
ments (see Swann (2007)* for some further examples), these have their own limita-
tions and are required to generate their own data, requiring quite a large investment.
Econometric analysis thus can be used to draw its own conclusions but would ideally fit
inside a more comprehensive cost assessment.

Box 3.5 Lucas Critique

Lucas Critique

The Lucas Critique was published by economist Robert Lucas (1976) in response to
the growing use of econometric methods in policy assessment. His argument was
that it is not appropriate to use estimates of behaviour in one policy situation to as-
sess impacts in another (the famous example is that since no one has ever escaped
from Fort Knox there is no need to guard it). This argument has subsequently been
broadened to suggest that estimates of behaviour based on past data should not be
used for analysis in a different time period.

Although the extension of the argument is not so relevant for ex-post analysis, the
basic critique could apply if the equation is unable to isolate policy effects. This
should be considered in econometric assessment, particularly of large-scale
change, but the lack of an alternative approach to quantifying estimates remains an
issue.

Source: Lucas, R (1976), "Econometric Policy Evaluation: A Critique", in Brunner, K.; Melt-

zer, A., The Phillips Curve and Labor Markets, Carnegie-Rochester Conference Series on
Public Policy, 1, New York: American Elsevier, pp. 19-46, ISBN 0444110070

Summary of key characteristics: Econometric estimation
Gives direct costs: Yes

Gives indirect costs: No

*2 Swann (2006) ‘Putting Econometrics in its Place: A new direction in applied economics’, Ed-
ward Elgar, Cheltenham.
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Degree of complexity: Medium

Data requirements: Medium

Software required: Econometrics package

Suitable for ex-post analysis: Yes

Main advantages: Flexible, can estimate unobservable factors

Main disadvantages: Needs careful interpretation

3.3.3.2 Systems of equations

Another way of building on the basic assessment approaches described in the previous
section is to combine two or more equations. We describe this as a ‘system’, although
this can be used to describe approaches ranging from the relatively simplistic (e.g.
combining two basic relationships) to something resembling a fully-specified modelling
approach (as described in the following section). The approach has two defining char-
acteristics:

e By combining two or more relationships it can estimate indirect costs

e |t is flexible and can be designed and applied on an ad-hoc basis rather than
providing the fixed structure of a formal model.

The software requirements are dependent on the type of methodology used. Two ex-
amples of systems with varying degrees of complexity are given below.

Following the previous example of the ETS, it would be possible to estimate the costs
to energy suppliers of including a manufacturing sector in the trading scheme (e.g.
steel). This could include the following equations:

o Energy demand by steel sector = Output of steel sector * Energy used per unit
of production

e Output of steel sector = F (Price of steel)
e Energy used per unit of production = F (Price of energy)

The inputs to this system would be the prices of energy and steel, with and without the
direct costs of ETS compliance. The relationships between prices and quantities used
are not explicitly defined here but could be estimated using econometric equations (as
described above). The output is the costs to the energy sector, which is the reduction in
energy demand multiplied by the cost of energy (without ETS costs).

The second example considers the factors of production other than energy. The final
equation above (with the same left-hand side variable) could be extended to show:

e EUPUOP = F (Price of capital, Price of labour, Price of energy, Prices of materi-
als)

Three similar equations could be set up for capital, labour and material inputs per unit
of production; these can then be solved simultaneously.
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This representation of production is in fact a standard one, usually with fixed substitu-
tion effects between the factors of production (so that parameters can be estimated). It
is referred to as the CES (constant elasticity of supply) production function and is in-
cluded in many of the models described in the following section. However, it could also
be applied in a separate analysis, independent of a large-scale model.

Summary of key characteristics: Systems of equations
Gives direct costs: Yes

Gives indirect costs: Partially

Degree of complexity: Low to Medium

Data requirements: Medium

Software required: Depends on application

Suitable for ex-post analysis: Yes

Main advantages: Flexible, gives some indirect costs

Main disadvantages: Scope limited by the equations included

3.3.3.3 Input-output analysis

A specific example of a system of equations is input-output analysis. This is based on
an input-output table which shows the purchases between different sectors of the
economy, often referred to as the ‘structure’ of the economy. An example is given in
Table 3.7.

Table 3.7 Simplified example of input-output table

Purchases, billions of euros

Agriculture Manu. Services
Agricultural goods 20 40 10
Manufactured goods 10 80 20
Services 10 20 30
Value Added 60 60 40
Output 100 200 100

Coefficients, inputs per unit of output

Agriculture Manu. Services
Agricultural goods 0.2 0.2 0.1
Manufactured goods 0.1 0.4 0.2
Services 0.1 0.1 0.3
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In this example three sectors are defined, and the two tables show the flows of money
between sectors (from the input products in the row to the industry outputs in the col-
umn, e.g. manufacturing buys 40 units of agricultural goods) and the same information
converted to coefficients (obtained by dividing by industry output). The coefficients
show the units of input required to produce one unit of outputs (e.g. manufacturing us-
es 0.2 units of agricultural goods to produce one unit of output).

Input-output tables are available at NACE 2-digit levels (i.e. around 60 sectors) for
most EU Member States from Eurostat, although usually only for a single year (often
2005). Almost all of the models referred to in the next section incorporate input-output
tables

The main benefit of using input-output analysis is that it gives an assessment of indirect
costs. For example, following the linkages in Table 3.7., if production in the manufactur-
ing sector falls by 100 units, then its suppliers will also see production fall, by 20 in the
case of agriculture and 10 in the case of services, plus a further 40 in the manufactur-
ing sector itself. These sectors will in turn require less inputs so their suppliers will also
lose out, and so on, creating a multiplier effect. The total value of lost output, the sum
of direct and indirect impacts, can be derived quite easily by performing a relatively
simple matrix calculation.

The simplicity of the approach also provides its key constraints; the structure is quite
inflexible beyond its basic application. Fixed production functions are implicitly as-
sumed with no economies of scale or substitution effects*?; this assumes, for example,
that the share of energy in total production is fixed. It is also assumed that input prices
remain unchanged, which often contradicts the assumptions for looking at cost im-
pacts. In summary, input-output analysis is a tool for understanding linkages between
different parts of the economy, rather than a methodology that should be readily ap-
plied for scenario analysis. As with the basic approaches described in the previous
section, it could be used as the first stage of a more comprehensive assessment.

Summary of key characteristics: Input-output analysis
Gives direct costs: Yes

Gives indirect costs: Yes

Degree of complexity: Medium

Data requirements: Low

Software required: Spreadsheet

Suitable for ex-post analysis: Yes

*3 This could be considered a specific example of CES production function with the rates of
substitution fixed at zero.
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Main advantages: Gives indirect impacts

Main disadvantages: Quite rigid assumptions

3.3.4 Modelling approaches

3.34.1 Introduction

This section provides an overview of the modelling approaches that are available to
estimate costs. The various approaches are split into three sets of groups:

o Partial and general models
e Top-down (economic) and bottom-up (engineering) models
e Equilibrium and non-equilibrium models

These distinctions are discussed below. However, first we discuss some characteristics
that are common to all the modelling approaches.

A model provides a fixed framework in which to carry out an assessment of costs.
Constructing such a framework is a highly resource-intensive exercise, usually meas-
ured in months rather than weeks. The framework is likely to be pre-existing rather than
constructed for a specific assessment.

Some of the main advantages and disadvantages stem from this. If a model has been
applied previously the structure will have been verified and the assumptions will be
better understood. The input data may also have been previously verified as accurate.
The repeated use of the same model may allow for a comparison between sets of re-
sults.

However, the fixed structure of a model also underlies a lack of flexibility in the ap-
proaches. For example, it is often difficult to change the sectors defined in a model,
leading to a ‘take it or leave it’ situation. The same is true of geographical coverage, as
not all models define all 27 EU Member States individually.

Although models do not necessarily need to be complex, most of the ones that are rel-
evant to estimating the costs of climate policy are. This means that quantitative model-
ling is usually intensive in its use of resources and the data requirements are also high.
Models typically use either a specialised software platform, such as GAMS, or are writ-
ten in a native programming language. In either case a degree of programming exper-
tise is required. Finally, it should be noted, that despite the high level of detail involved,
most models represent agglomerations of the basic and intermediate methodologies
described in previous sections, and in many cases are subject to the same limitations.

Finally it should be noted that models are usually used for ex-ante analysis, assessing
the future impacts of changes in policy. Although there is no theoretical reason why the
modelling approaches described below should not be used for ex-post assessment,
specific tools may not be set up to do this.
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Summary of key characteristics: Modelling
Gives direct costs: Yes

Gives indirect costs: Maybe

Degree of complexity: High

Data requirements: High

Software required: Specialised

Suitable for ex-post analysis: Usually
Main advantages: High level of detail

Main disadvantages: High cost, limited to existing tools

3.3.4.2 Partial and general models

The difference between partial** and general models is in their coverage of the econ-

omy; partial models focus on a particular sector, while general models include all the
sectors in the economy (as defined by the National Accounts, see Eurostat, 1996*°).
This distinction is particularly important when considering indirect costs, as partial
models will usually not be able to assess these. Furthermore, these feedbacks can also
affect the original sector (see Figure 3.4). For example, if the automotive sector sells
less vehicles, it will require less metal, but then the metals sector will also have less
demand for vehicles; a partial model of the automotive sector would miss this feed-
back, while a general model would automatically capture it.

** Partial models are also often referred to as ‘partial equilibrium’ models, although they do not
necessarily need to be equilibrium models. In IA Tools they are referred to as ‘sectoral’ mod-
els.

*® Eurostat (1996) ‘European System of Accounts, ESA 1995', Eurostat, Luxembourg.
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Figure 3.4 Partial and general models
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It is, however, important to note the considerable advantages offered by partial models.
General models usually have to offer the same level of detail for all the sectors they
include but partial models are able to use more detailed data relevant to a particular
sector, including data measured in physical, rather than monetary, units. For example,
passenger kilometres travelled is a good way of measuring the demand for transport,
but is not relevant to the retail sector.

The relationships built into a partial model are also able to incorporate factors specific
to that sector, including physical engineering relationships, as described below. Finally
the model operator often has specialised expertise in this area, rather than standard
economic training.

The most common sectors in which partial models exist are transport, energy and agri-
culture. Some examples of such models are shown below; they are described further in
IA Tools:

Agriculture: CAPRI
Energy: PRIMES, POLES
Transport: TRANS-TOOLS, TREMOVE

In summary, partial models are appropriate tools to use when making a very detailed
assessment of an individual sector where there is unlikely to be much impact on other
sectors (or when only considering direct compliance costs to the regulated sector).
General models are more appropriate when a lower level of detail within an individual
sector is required. There is thus a trade-off between the direct and indirect level of de-
tail, although this in some cases this can be addressed by linking individual models, as
discussed in Section 3.3.5.
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3.3.4.3 Bottom-up engineering models

Bottom-up engineering models are specific examples of partial models that are able to
take into account the characteristics and technologies of a particular sector. They place
an emphasis on physical data and this must be available for an ex-post assessment to
be carried out.

Like other partial models they usually take demand as an exogenous input and then
consider the different ways in which this demand can be met.

A good example is the electricity sector, where the models take the demand for elec-
tricity as a largely exogenous input and then find ways in which this demand can be
met using renewable and conventional power sources under different conditions. The
strong focus on technology means the models are able to take into account factors
such as the lifetimes of power plants and the intermittency and geographical require-
ments of wind, solar and hydro power. Each different generation method has a cost
attached to it (which could be separated into investment and operating costs) and the
total cost can be estimated from the final share.

One of the key examples of using such an approach is that it is much better equipped
to take into account threshold effects and non-linear relationships. Consider an exam-
ple that introduced carbon pricing to the steel sector. A bottom-up model would be able
to estimate that once the carbon price reached a certain level, it would become eco-
nomic to switch to a new kind of furnace and emissions would be reduced. The equiva-
lent representation in a top-down (i.e. CGE or econometric) model would be a linear
representation of this, usually of the form X% increase in price leads to b*X% reduction
in demand, where the value of b does not change.

The benefits of this approach from a presentational and educational perspective should
also be noted. In the example above the bottom-up model is able to say how the in-
crease in costs is linked to a reduction in emissions, while the top-down model does
not offer an explanation of the mechanism involved.

The main drawback of the approach is that it involves the construction of a complex
model that can then only be applied to one sector.

3.34.4 Equilibrium models

Computable General Equilibrium (CGE) models are the most commonly applied type of
economic tool. They are top-down in nature and are generally considered to be appro-
priate for long-run cost assessments covering the whole economy, usually going to
NACE 2-digit level of detail. Examples of models include GEM-E3, GTAP and World-
scan.

CGE models are strongly grounded in neoclassical economic theory and work on the
assumption that individuals act optimally in their own self-interest. The model is solved
so that the whole economy is in ‘equilibrium’ (e.g. supply = demand), implying that re-
sources are allocated efficiently. The behavioural relationships in a CGE model are
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typically ‘calibrated’, meaning that a mathematical approach is used to fit the model to
a single base year of data. This means that, compared to some other modelling ap-
proaches, the data requirements for the model are not so high, even if there is a high
degree of sectoral disaggregation (the GTAP database is designed for this purpose).

One of the key strengths of CGE models is their internal consistency; they allow for
comparative analysis of policy scenarios by ensuring that in all scenarios the economic
system remains in general equilibrium. This is often expanded to include the energy
system and implied environmental emissions, although this treatment is much less de-
tailed than that offered by bottom-up approaches.

The main weakness of CGE models is that the key assumptions of rational and optimal
behaviour do not always hold in the real world, particularly in the short term. This has
been increasingly questioned post-crisis and means that some observed phenomena,
such as involuntary unemployment, are missing from the models’ assessment. These
assumptions can heavily influence model outcomes, in extreme cases pre-determining
the direction of results. For example, as CGE models assume that all the best available
technologies have already been adopted and resources are being used efficiently, the
costs of reducing CO2 emissions may appear higher than results from other modelling
approaches.

As with all modelling approaches, care must thus be taken when interpreting results
from CGE models.

3.3.45 Econometric models

Econometric models are empirical in nature with model relationships determined by
statistical estimates based on historical (usually time-series) data sets, rather than pure
economic theory. They are also top-down in nature but can be applied for short-term
assessments as well longer-term outcomes. Like with CGE models, NACE 2-digit level
of disaggregation is the standard level of detail. The most well-known econometric
models also incorporate energy demand and GHG emissions, although not to the same
degree as bottom-up models.

The main advantage of econometric models is their empirical basis, meaning that they
are much less dependent on theoretical assumptions. They do not assume optimisa-
tion, they allow imbalances to occur in any given year, and they do not assume that
prices automatically adjust so that supply is equal to demand.

However, this empirical basis means that they are much more dependent on large and
accurate data sets with which to form their parameters; this can limit their use in some
types of analysis, for example if only one year of data is available. Unlike CGE models
there is no standard database available.

Another disadvantage of using this approach (and econometrics in general) is that the
statistical approach does not attempt to offer any explanation of why the results occur
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(e.g. linking to a particular technology), just that they are based on relationships de-
rived from observed data.

Increasingly it is recognised that CGE and econometric modelling approaches are
based on different branches of economic theory and in some cases will produce differ-
ent results. Sometimes a CGE model and an econometric model are applied to the
same policy question so that results are not dependent on a single set of assumptions.

Examples of econometric models include EBME/E3MG, GINFORS and NEMESIS.

3.3.4.6 Agent-based models

Finally, it is worth mentioning one other type of model that does not fit into the catego-
ries above but is gaining recognition in the research community. Agent-based models
are bottom-up in design and are used to simulate the interactions between individual
groups (the agents). They are strongly linked to the concept of complexity, as de-
scribed in Beinhocker (2007)*.

The development of agent-based models has been relatively recent, as increasing
computer power has made this type of simulation more feasible. As yet there is no
agent-based representation of the macro-economy so current agent-based models are
likely to be appropriate tools to use for cost assessments in very few cases. This is,
however, an area of ongoing research so applications may be possible in the future.
The Matisse project provides an example, where an agent-based model was designed
to test transition pathways.*’

3.3.5 Linking different approaches

The idea of linking different methodological approaches has obvious advantages; it
allows an approach that can combine the benefits of each component part, possibly
giving a Tier 3 assessment to both the depth and breadth of the analysis. Some of the
linkages have been alluded to already in this review, for example an intermediate ap-
proach can be formed by combining two items of basic analysis.

Basic assessment measures are often used to form the inputs for model scenarios, for
example to estimate the costs of complying with a particular regulation:

e The direct cost is estimated by multiplying hours spent and cost per hour
e This is put into an economic model to estimate indirect costs

Less complex calculations are also sometimes used to provide a check on modelling
results. For example, although a model usually provides a much higher level of detail,
its outputs should not be an order of magnitude different from a simpler approach.

*® Beinhocker, E (2007) ‘The Origin of Wealth’, Random House, ISBN 0-7126-76589
" http://www.matisse-project.net/projectcomm/uploads/tx_article/Working Paper 3 02.pdf
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It is also becoming more common to link modelling tools together. Again, the attrac-
tions are fairly clear, by combining a bottom-up partial model with a top-down general
one, it is possible to form a tool with both considerable depth and breadth.

These linkages generally take one of two forms, either through the transfer of data (re-
ferred to as a ‘soft linkage’ or through the amalgamation of computer code (a ‘hard
linkage’). Several European research projects have aimed to link existing models, with
varying degrees of success. Examples include:

o |P-SENSOR (land use and agriculture)
e SEAMLESS (environment and agriculture)
¢ iTREN (transport, economy and environment)

The main disadvantage of combining models is the high cost involved. This reflects a
mix of theoretical and practical difficulties. Some examples are:

e Consistency in model definitions and dimensions — This includes sectoral defini-
tions, but also the scope and level of detail in geographical coverage, and the
time steps (e.g. monthly, annual, five-yearly) that different models use.

e Consistency in assumptions — For example, if an equilibrium model is combined
with a disequilibrium model, what are the properties of the combined model?

e Developing a common understanding between model operators from different
backgrounds.

For hard linkages, much of this cost is in up-front investment in developing consistent
computer code using a common language. For soft linkages the cost is in implementa-
tion as passing data between models (and often institutions) is a time-consuming proc-
ess, especially when the linkages are two-way, requiring an iterative process.

3.3.6 Treatment of uncertainty

So far this review has concentrated on how quantitative assessment methods can be
used to estimate various types of costs of climate policy. Previous sections have made
some reference to reasons why these estimates may be inaccurate, including limita-
tions with data and approximations of non-linear relationships. There are, however,
numerous other possible sources of uncertainty that tend to increase in line with the
degree of complexity in the assessment methodology; these are discussed in Pollitt et
al (2010). For ex-post analysis it should be noted that two of the main sources of uncer-
tainty, a baseline forecast and predictions of future technology, are much less relevant
than for ex-ante assessments.

Two examples of different complexity are given below.

In the basic example in which the direct costs of ETS compliance are estimated from
the number of allowances purchased and the ETS price, the structure itself is fixed and
so the uncertainty lies in the inputs used. The number of allowances used is given by
data and so the only uncertainty is the accuracy of the data. The same applies to the
price input, although it is noted that the data show the average of a value that is con-

47



Oko-Institut, AMEC, Cambridge Econometrics, TNO Final Report

stantly changing. Given this, however, we can be reasonably sure that the costs esti-
mated are close to the actual direct costs.

If a top-down modelling approach was used to answer the more difficult question of
costs to the whole economy, the degrees of uncertainty increase substantially. All the
data inputs are subject to error and the (unobservable) modelled relationships, includ-
ing non-linearities, are also approximations of the true position. Thus the more compli-
cated question leads to a higher degree of uncertainty in cost estimates.
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3.4 Annex to Task 1: Overview of recommended methodologies for
PAMs considered in this study

In this Section the methodologies introduced and discussed above, are cross-
referenced against the policy areas to provide suggestions of the most appropriate
tools available in each case. This is illustrated where possible with examples, and it is
noted that there may be cases where it is appropriate to use more than one approach
to look at the same policy area.

Table 3.8 provides an overview of the different PAMs. The focus of the table is on eco-
nomic costs, excluding administrative costs, although the more complex methodologies
also give results for environmental impacts.

In most cases administrative costs can be added by making a separate estimate (e.qg.
using the EU Standard Cost Model) and adding this to the total.

The column for estimating whole-economy costs largely refers only to Tier 3 ap-
proaches in terms of breadth, noting that on its own, this will in most cases not give the
same level of depth as a specialised sectoral approach. In some cases input-output
analysis would be feasible (although unusual); this is where the policies affect sectors
that are defined at the NACE 2-digit level, which is usually the highest level of accuracy
that is available in input-output tables.
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Table 3.8 Overview of recommended methodologies

Within Sector

Whole Economy

Policy

Tier 1 or 2

Tier 3

EUETS

A basic calculation with actual
allowance price multiplied by
CO2 emissions. By taking
change in total energy price
and an estimated price elastic-
ity this could be expanded to
provide impact on total energy
costs.

For any given sector (but par-
ticularly the electricity sector)
the application of a detailed bot-
tom-up model with a defined set
of technologies and implementa-
tion costs.

The application of a general
economic model, preferably
linked to a bottom-up sectoral
model can give a comprehen-
sive coverage of both sectoral
and whole-economy costs.

RES-E Directive

An estimate of the costs of
building new renewable capac-
ity using an average unit cost.
This could be offset against the
costs of building and running
conventional plants. A more
accurate  calculation  could
make use of cost curves® that
estimate rising costs for various
technologies once the most
favourable locations have been

The application of a bottom-up
model of the energy sector, in-
corporating a wide range of dif-
ferent  electricity  generation
technologies and their associ-
ated costs.

The application of a general
economic model that can in-
corporate both costs to the
electricity sector and demands
on equipment suppliers, then
estimating the wider
costs/benefits to the whole
economy.

*® For an example see Hoogwijk, M (2004) ‘On the global and regional potential of renewable energy sources’, Utrecht University.
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Within Sector

Whole Economy

Policy

Tier 1 or 2

Tier 3

used.

Generation based subsidies:
feed-in tariffs, quota or bonus
systems: feed-in tariff / certifi-
cate price / bonus minus elec-
tricity price multiplied with RES-
E electricity generation.

Installation based subsidies:
investment grant /tax reduction
multiplied with installed RES-E
capacity.

Costs for power connection of
the plant to the grid.

CHP Directive

An estimate of the costs of
building new CHP capacity
using an average unit cost.

Similarly to the RES-E Directive
the use of a bottom-up energy
model that includes a detailed
treatment of CHP and the asso-
ciated costs and benefits.

To estimate whole-economy
costs, a general model must
be able to cover the sectors
that produce and use the heat
and offset these against the
costs of using other fuels.

Biofuels Directive

A basic calculation will be
based on total biofuel sales and
the cost difference between
petrol/diesel and biofuels per

To determine total costs to the
transport sector it is best to ap-
ply a specialised transport mod-
el, which takes account of char-

As all sectors (and house-
holds) use road transport to
some extent, most general
economic models will be able
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Within Sector

Whole Economy

Policy Tier 1 or 2 Tier 3
unit of energy. Costs of im- | acteristics of vehicle fleets as | to estimate indirect and whole-
ported biofuels are based on | well as users’ response to | economy costs from an in-
market prices. For domestic | changes in motor fuel prices. crease in transport costs, but
production an assessment of this needs to be estimated
production costs is necessary. first.

ACEA agreement It is considered not feasible to | Again a dedicated transport| A general economic model

extract a meaningful indication
of ex-post vehicle costs due to
the ACEA agreement from
monitored vehicle price devel-
opments over time. Ex post
cost assessment therefore
needs to be based on a combi-
nation of ex-post fuel costs and
ex-ante vehicle cost estimates.
Benefits of lower fuel consump-
tion are to be estimated on the
basis of the difference between
observed fuel consumption
figures and assumed autono-
mous developments in the
baseline scenario. As with the
CO, impact assessment the
basic calculation for the Tier 1

model that includes the charac-
teristics of the vehicle fleet and
users’ responses to changes in
both vehicle prices and fuel effi-
ciencies. Such a model should
be able to incorporate rebound
effects in its results. Attributable
vehicle cost developments need
to be based on ex-ante assess-
ments also for the Tier 3 ap-
proach.

would be able to provide an
estimate of whole-economy
costs and benefits if it takes
the average cost of vehicles
and the average fuel efficiency
of vehicles as an input.
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Within Sector

Whole Economy

Policy

Tier 1 or 2

Tier 3

and 2 approaches will not in-
clude rebound effects.

F-gas Regulation

There is a wide range of differ-
ent responses that is difficult to
summarise in a basic calcula-
tion. However, data on costs
have been published by DG
CLIMA, so it may be possible to
provide an estimate based on
average costs.

The use of a model that specifi-
cally considers this type of
emissions and the costs of re-
ducing these emissions, based
on the detailed data that could
be used in a Tier 1 or 2 as-
sessment.

It is likely that the effects of the
regulation are too localised to
be used in either a general
economic modelling approach,
or using input-output analysis.

Landfill Directive

In most countries this led to an
increase in landfill costs*. Al-
though there is large variation
in costs an average by MS and
for the EU would give an indi-
cation of direct costs. These
could be allocated to sector
according to waste produced,
but again these figures should

We are not aware of any model-
ling methodology that goes into
the necessary level of detail.
The most suitable approach is
an econometric analysis, which
would probably be classified as
Tier 2, but even this would be
highly reliant on uncertain data.

If it is possible to produce an
estimate of costs to each sec-
tor, a general economic model
could be applied to estimate
the total costs to the economy.
However, the analysis will only
be as accurate as the assump-
tions about costs that are
used.

“ AEA, Ecofys and Fraunhofer ISI (2009): Quantification of the effects on greenhouse gas emissions of policies and measures

(ENV.C.1/SER/2007/0019), pp73.
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Within Sector

Whole Economy

Policy

Tier 1 or 2

Tier 3

be viewed as approximate.

2003 CAP reform

An assessment of changes in
support payments to different
types of farms as a result of the
reforms (i.e. before and after).
If the data allow an economet-
ric assessment of behavioural
responses could be carried out.

Although agricultural and com-
bined land-use/agricultural
models, such as CAPRI, exist, it
is not clear how suitable they
are for producing an estimate of
the economic costs of CAP re-
form.

If it is possible to estimate an
impact on food prices, a gen-
eral model with detail in the
agricultural sector (e.g. GTAP)
could be applied to determine
costs to the whole economy.
This approach would not be
suitable without this prior as-
sessment, however.

IPPC Directive

There are major problems in
providing an estimate of costs
of compliance with the IPPC
Directive, as reflected in previ-
ous attempts to quantify emis-
sions savings®. The key con-
straints lie in the broad nature
of the measures involved and
the available data which are

The same constraints apply to
using a Tier 3 methodology; The
methodology proposed Task 2
would require resource intensive
data collection from operators.

The tier 3 methodology pro-
posed in Task 2 may be suffi-
cient to estimate whole-
economy costs. Outputs from
the tier 1 and 2 methodologies
could be used to estimate
whole-economy costs, but the
results of such analysis should

% AEA, Ecofys and Fraunhofer ISI (2009): Quantification of the effects on greenhouse gas emissions of policies and measures

(ENV.C.1/SER/2007/0019), pp55-58.
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Within Sector

Whole Economy

Tier 1 or 2

Tier 3

generally disaggregated by
sector rather than installation.
However, a methodology which
overcomes this data constraint
to produce compliance cost
estimates is included in Task 2.

be treated with caution.

It is difficult to estimate costs to
the waste industry as different
sites will need to take different
actions to comply with the regu-
lation. There is likely to be
strong variation between MS.
Nevertheless, a bottom-up ap-
proach which utilises relevant
reports may yield an approxi-
mation of costs if assumptions
are made about the share of
sites that must take action.

A Tier 3 approach would need to
expand on this to take into ac-
count factors such as switching
to landfill, relocation of sites or
the effects of passed on costs. It
should also cover the possible
benefits of selling energy to oth-
er sectors.

As well as including costs to
the waste industry, which may
be passed on to waste pro-
ducers, an assessment of
whole-economy costs must
take into account the use of
captured energy which will
lead to savings elsewhere.

Policy

Waste Incineration
Directive

Energy Perform-

ance of Buildings
Directive

Estimates of costs must be
formed using a bottom-up ap-
proach based on the available
data for particular technologies
(e.g. from the MURE data-
base). These can then be offset

A Tier 3 approach needs to take
this assessment further with a
more rigorous assessment, in-
cluding rebound effects and
non-compliance, and produce
more detailed estimates of the

An estimate of whole-economy
costs would require data on
investment in buildings that fall
under EPBD. Total investment
in buildings is available for
some countries, but this would
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Within Sector

Whole Economy

Policy

Tier 1 or 2

Tier 3

against the expected savings in
energy consumption.

fuel (cost) savings from each
part of the directive.

give an over-estimate of the
costs (and benefits for con-
struction firms).

Labelling of Electric
Appliances

The direct costs of labelling are
likely to be small and domi-
nated by the administrative
element. A basic estimate of
cost per unit * number of units
is therefore recommended.

A Tier 3 approach is much more
complex as it needs to take into
account purchasers’ responses
and the costs of producing more
efficient equipment. The best
possible approach is to apply an
econometric assessment of cus-
tomers’ choices using data from
periods before and after the
directive®'. This could be en-
hanced by the use of survey
data.

To estimate whole-economy
effects it is necessary to com-
bine the results from the Tier 3
sectoral assessment with an
estimate of energy savings,
taking into account rebound
effects. Again the direct cost of
producing the labels is likely
negligible so could be ex-
cluded from the assessment.

Nitrates Directive

Any estimate of costs is likely
to have a large range of uncer-
tainty as the link between use
of fertiliser and agricultural pro-

A Tier 3 analysis would need to
take into account the direct
costs, plus a consideration of
changes to crops grown and

Similarly to the recommenda-
tions for CAP reform, impacts
on food prices could be used
in a general model to estimate

*1 Standard economic theory offers no help here as it assumes that customers have perfect information and therefore do not require labels; the policy is

therefore viewed as a correction for ‘market failure’.
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Within Sector

Whole Economy

Policy

Tier 1 or 2

Tier 3

duction is complicated by many
other factors. An econometric
assessment that takes into ac-
count these other factors may
yield estimates of costs but the
data requirements are consid-
erable.

impacts on the total demand for
food. As far as we are aware
this goes beyond the capabilities
of existing tools and available
data.

whole-economy  costs, but
these are largely dependent on
the initial estimates.
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4 Task 2: Review and assessment of the results and
methodologies developed under the project "Quantifica-
tion of the effects on greenhouse gas emissions of poli-
cies and measures"

This section provides a review and critical assessment of the results and methodolo-
gies developed under the study by AEA et al. (2009)*? and is devoted to further improv-
ing and refining these methodologies.

The previous study by AEA et al. provides recommendations for the further develop-
ment of the methodological approach and the next steps to take for all policies and
measures investigated in a consistent way. The current study critically assesses these
recommendations and takes them into account in the improvement and refinement of
the methodologies. The assessment includes all EU policies and measures evaluated
in the previous study. In terms of methodological approach, the current study builds
upon the integrated, tiered approach developed within the AEA et al. (2009) study. It
borrows from the principles in the IPCC Guidelines for National GHG inventories®® and
provides three tier levels that differ in detail and complexity with increasing data inten-
sity, resolution of analysis in terms of depth and breadth, accuracy of estimates and
resource requirements from Tier 1 to Tier 3.

In the previous study, the ex-post quantification methods for some policies and meas-
ures were constrained due to limited modelling capacities of the previous consortium,
e.g. for the ex-post assessment of the EU ETS, for the IPPC Directive, for the Directive
on Renewables, the CHP Directive, for F-Gases or in the agricultural sectors. The fol-
lowing subsections provide an overview of the recommended next steps from the first
project describing the models and statistical tools that would be necessary for specific
policies and explains how the project team deals with the less advanced areas identi-
fied in the previous project.

The focus of the critical review of all policies and measures evaluated in the previous
project is to:

¢ identify those areas and policies where the previous project achieved advanced re-
sults and methodologies (e.g. related to the ACEA agreement). These areas needed
less improvement, but were included in the testing of methodologies under Task 3
(e.g. Labelling Directive);

¢ identify areas and policies in which significant problems have been indicated due to
shortcomings in the modelling approaches and statistical tools available to the pre-

%2 AEA, Ecofys, Fraunhofer ISI (2009) ‘Quantification of the effects on greenhouse gas emis-

sions of policies and measures™, study prepared for the European Commission
(http://ec.europa.eu/clima/policies/g-gas/studies_en.htm).

% |PCC guidelines for National GHG Inventories, (2006), http://www.ipcc-
nggip.iges.or.jp/public/2006gl/index.html.
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vious project. In these areas Tier 3 approach are developed or existing methodolo-
gies further improved;

o refine the draft methodologies to better address of changes in policy, socio-
economic and technological factors;

¢ refine the draft methodologies to better address interactions with relevant EU level
policy measures, paying particular attention to the interactions of the EU ETS with
other policy instruments and exogenous factors, and to the impact of the EU ETS on
the development of the international carbon market (JI/CDM).

Based on the review and assessment of the results and methodologies of the previous
study and the improvement and refinement of the methodologies, a number of policies
and measures were proposed for an in-depth investigation and testing within this pro-
ject. They comprise the following

e EU-ETS Directive

e RES-E Directive

e CHP Directives

e Biofuels Directive

e CO,-regulation

o F-Gas regulation & MAC Directive
e |PPC Directive

e Waste Incineration Directive

o Nitrates Directive

e 2003 CAP reform

e Landfill Directive

e Energy Performance of Buildings Directive (EPBD)
e Energy Labelling Directive

41 EUETS

4.1.1 Review and critical assessment of existing methodology

The existing Tier 1 and Tier 2 methodology for the impact assessment of the EU Emis-
sions Trading Scheme is based on emission intensity trends, which are derived from
emission inventories and energy and industrial statistics within a five year period before
the implementation of the Directive. The first trading period lasted from 2005 to 2007;
the second trading period continues from 2008 to 2012 when the Kyoto Protocol will
expire; and the third period will begin in 2013 and end in 2020.
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In the Tier 1 approach the historic emission trend from 2000 to 2005 is assumed to
continue. In the Tier 2 approach this baseline is adapted with the development of en-
ergy prices and renewable energy sources. Finally the verified emissions under the EU
ETS and the hosted Emission Reduction Units from Joint Implementation will be com-
pared to the estimated baseline (AEA et al. 2009, p. 67).

The previous project describes the existing Tier 1 and Tier 2 methodology as insuffi-
cient and the calculated results as not realistic®*. Although the forward projection of
emission intensity trends seems to be a pragmatic methodology for a Tier 1 approach,
it should be carried out on a more detailed level to improve the quality of the results.

Against this background and to ensure a step by step implementation of the different
Tier methodologies, the revised Tier 2 approach should be held independent from Tier
3 model results and mainly consist of publicly available input data. The proposed im-
provements for Tier 2 are described in subsection 4.1.2.

To cover the complexity and cross-sectoral interactions of the EU ETS, a model-based
Tier 3 approach is essential. In the previous project, a combination of a detailed bot-
tom-up model for the power sector and an econometric model for industrial sectors is
put forward. The costs and emissions determined for the policy scenario are thereby
compared with a counterfactual scenario without the policy. A relevant gap in the
methodology is thereby seen in the implementation of price elasticity and demand-
induced emission reduction effects®. Moreover, the existing Tier 3 approach has been
exemplified for two sectors (the power sector and the cement sector) in Germany to
date. We therefore included price elasticity in the Tier 3 approach by linking a bottom-
up power sector model with a macro-econometric model, which covers all industrial
sectors as well. The proposed improvements for Tier 3 are described in subsec-
tion 4.1.3.

Furthermore a methodology to cover the linkage of EU ETS with international carbon
markets is developed and described in subsection 4.1.4.

4.1.2 Proposed improvements and refinement methodology for Tier 2

We developed a revised Tier 2 approach for the electricity sector, which is independent
of the Tier 3 model results and mainly consists of publicly available input data. This
approach can be adapted to other industrial sectors, which is described at the end of
this subsection.

* Quantification on the effects on greenhouse gas emissions of policies and measures
(ENV.C.1/SER/2007/0019), Final Report Appendix I, p. 82 and 85, 2009.

*® Quantification on the effects on greenhouse gas emissions of policies and measures
(ENV.C.1/SER/2007/0019), Final Report Appendix I, p. 68 to 70, 2009.
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The calculation procedure is based on two main steps: calculation of the increase in
electricity demand due to price elasticity and calculation of the corresponding CO.,
emissions to cover the surplus in electricity demand with a typical marginal power
plant.

Step 1. Calculation of the increase in electricity demand due to price elasticity

The calculation of the increase in electricity demand consists of the following input pa-
rameters:

e Total net electricity generation per year (data source: e.g. Eurostat)

e Total CO, emissions from electricity generation per year (data source: e.g.
CITL, Eurostat or EEA)

e Average annual CO, price (data source: e.g. point carbon)

e Average annual electricity spot market price (data source: e.g. national electric-
ity market)

e Assumed price elasticity (data source: e.g. Cambridge Econometrics®)

The calculation derives the relative change in the electricity spot market price due to
missing CO,-costs in the counterfactual scenario compared with the policy scenario
and multiplies it with the assumed price elasticity (Equation 1).

Equation 1

CO, emissions- CO, price

Change demand = — : — .
electricity generation - electricity price

- price elagticity

Step 2. Calculation of the corresponding CO, emissions to cover the surplus in
electricity demand

For the calculation of the corresponding CO, emissions to cover the surplus in electric-
ity demand, the typical marginal power plant type, which will operate additionally, has
to be derived using the following input parameters:

e Fuel costs and other variable costs as well as electrical efficiency to derive spe-
cific marginal generation costs per power plant type (data source: e.g. technical
literature and statistics, fuel prices could be unpublished or confidential)

% Elasticities are commonly available. See, for example, Cambridge Econometrics (2010),
http://www.scotland.gov.uk/Resource/Doc/1035/0103829.pdf. It should be noted that it is al-
so assumed here that all cost increases are passed on in the form of higher prices. For elec-
tricity, which is not usually subject to international competition, this assumption seems rea-
sonable (and is also common in the Tier 3 modelling approach).
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¢ Installed capacity and average availability per power plant type to derive a sim-
plified merit order (data source: e.g. IEA Electricity Information, technical litera-
ture or statistics)

e Average residual load, which has to be covered by the power plant fleet (data
source: entsoe)

From the intersection of the average residual load and the simplified merit order of the
power plant fleet, the typical marginal power plant type can be derived. As illustrated in
Figure 4.1, the typical marginal power plant type in Germany 2005 is a hard coal fired
power plant. Taking the specific emission factor of this plant type into account, the cor-
responding generation costs and CO, emissions to match the surplus in electricity de-
mand can be calculated.

Figure 4.1 Simplified merit order of the German power plant fleet and the average
residual load in 2005
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Source: PowerFlex model results

This Tier 2 methodology of the electricity sector can be adapted to other industrial sec-
tors under the EU ETS. The data requirements are similar as for the electricity sector,
and an overview of the procedure is given in Figure 4.2.

The European Commission (DG CLIMA) publishes estimates of the share of carbon
costs in each NACE 4-digit sector (i.e. at quite a detailed level) at EU level, including
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the direct costs of CO, emissions, and the indirect effect from higher electricity prices®’.
The estimates are provided for an ETS price of €30/t CO,, but the costs (given as a
percentage of GVA) can be scaled up linearly for different carbon prices.

When a firm is faced with higher costs it can either increase prices, leading to a poten-
tial loss of output, or reduce profit margins. Firms in different sectors will react in differ-
ent ways, depending on the degree of competition within that sector. For example,
companies that sell commoditised goods tend to be forced to match global market pric-
es regardless of their production costs, while local monopolies may be free to set their
own prices.

It is difficult to estimate actual cost pass-through rates for most sectors, with most
available methodologies dependent on advanced econometric techniques®®. We rec-
ommend that when carrying out an estimate the user:

o Either refers back to the results from previous studies;

e Or uses pass-through rates of zero (all costs result in lower profits) and one (all
costs lead to higher product prices) to provide a range of outcomes.

The loss of profits can be estimated by multiplying the change in margins by total out-
put (turnover).

If prices increase, this will have impacts on real output and potentially employment.
Again, the size of the impact (the price elasticity) can vary greatly between firms in dif-
ferent sectors and depends on the degree of competition within that sector. Estimating
the scale of the impacts requires the use of econometric methods®°.

If there are no results from previous studies it is recommended that a range of possible
elasticities are used, for example taking a range of zero to -2. In these cases a 5 %
increase in prices would lead to a 0 % change in output (sales) or a 10 % loss of out-
put.

Although the employment effects vary between sector and country, macroeconomic
models such as E3ME often estimate that every 1% fall in output leads to a 0.5% fall in
employment, so this ratio could be used for a very rough calculation

An example calculation is provided in Section 5.1.1.

%" http://ec.europa.eu/clima/policies/ets/leakage/docs/20090701 list sectors_en.pdf
%8 For examples see:

http://ec.europa.eu/enterprise/policies/sustainable-business/climate-change/energy-intensive-
industries/carbon-leakage/files/cl _executive summary en.pdf

http://ec.europa.eu/enterprise/policies/sustainable-business/climate-change/energy-intensive-
industries/carbon-leakage/files/cl_literature_review_en.pdf

%% See previous footnote.
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Figure 4.2 Tier 2 calculation procedure for industrial sectors (excl. power sector) un-
der EU ETS
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4.1.3 Proposed improvements and refinement methodology for Tier 3

The main improvements since the previous project have been made within the Tier 3
methodology for the development of a model interface to link bottom-up partial models
for the electricity sector with a general econometric model. This approach combines
two distinct modelling tools that provide an in-depth analysis of the power generation
sector as well as coverage of all ETS sectors and the wider economy. Especially price
elasticity and demand-induced emission reduction effects are thereby taken into ac-
count (Figure 4.3).

Within a scenario analysis, the economic and ecological effects of a policy scenario
and a counterfactual scenario without policy induced impacts will be determined. While
for the EU ETS policy scenario historic CO, prices are taken into account, the counter-
factual scenario consists of a CO, price of zero. The price for one European Allowance
Unit (EAU) is therefore defined as CO, price within the scenario analysis. These data
are available on a daily base for spot prices based on over-the-counter (OTC) brokered
prices. While in the beginning of the first trading period of the EU ETS the EAU spot
price was in the range of 20 €/EAU to 30 €/EAU, it decreased to nearly 0 €/EAU in
2007. In the second period of the EU ETS the EAU spot price started 2008 in the range
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of 20 €/EAU and 25 €/EAU and reached a level of about 15 €/EAU from 2009 onwards.
In 2012 the EAU spot price has currently decreased to below 10 €/EAU®.

The revised Tier 3 methodology consists of the three main steps for the policy and the
counterfactual (Figure 4.3). For the counterfactual scenario a pre-step is included to
derive the change of electricity demand from price elasticity (step 0):

Step 0: Calculation of electricity demand depending on electricity price (price
elasticity).

Iteration loop between the PowerFlex model (see step 1) and the E3BME model (see
step 3).

Data exchange and model linkage:

e Change of annual average electricity spot market price calculated with the
PowerFlex model as data input for the E3ME model.

e Change of electricity demand calculated with the E3ME model as data input for
the PowerFlex model.

Step 1: Calculation of power plant dispatch with the PowerFlex model.
Input data and parameters needed:

e Power plant fleet with installed capacity (MW), availability (%), electrical effi-
ciency (%), CO, emission factor (t CO,/MWh fuel), fuel price (€/MWh fuel), vari-
able costs (€/MWh electricity), CO, price (€/t CO2) and CHP plant®’ (yes/no)
(historic or counterfactual data)

e Electricity demand, RES feed-in®® and must-run generation in hourly resolution
(historic data)

e CHP profile in hourly resolution (generic data)

e Storage power plants with installed capacity for pumping and generation (MW),
efficiency of pumping and generation (%), storage capacity (MWh) and variable
costs (€/MWh electricity) (historic data)

Model calculation:

¢ Linear optimization problem to minimize the overall costs of electricity supply

% Source: PointCarbon.

" The policy scenario includes effects from the CHP Directive. It is possible to evaluate policy
interaction with further counterfactual scenario configuration and parameter variation.

2 The policy scenario includes effects from the RES-E Directive. It is possible to evaluate policy
interaction with further counterfactual scenarios configuration and parameter variation
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e Day ahead optimization (365 optimization periods with 24 h each)

¢ Linkage of the optimization periods (plant capacity and other variables in hour 1
of the current optimization period depend on the values in hour 24 of the previ-
ous optimization period)

e Model software GAMS®® with Cplex solver
Output data and results:

e Calculated generation mix, electricity prices (marginal costs) and operation of
power and storage plants in hourly resolution

e Aggregation of hourly values to annual values (e.g. average electricity price,
annual CO, emissions)

Model linkage:

e Transfer of the calculated average annual spot market electricity price to the
E3ME model

o Transfer of the calculated operation hours of the power plant fleet to the ELIAS
model.

Step 2: Determination of investment effects in the power sector with the ELIAS
model.

Input data needed for ELIAS model:
o Power plant fleet of starting year 2005 (historic data) including vintages
e Operating hours of the power plant fleet calculated with the PowerFlex model
e Projection of electricity demand, fuel and CO, prices up to 2050

e Specific investment costs and technical lifetime for different power plant tech-
nologies

Model calculation:

e Simulation of investment decisions to cover electricity demand
Output data and results:

¢ Calculated power plant fleet (incumbent power plants and new investments)
Model linkage:

e Transfer of the calculated power plant fleet to the PowerFlex model, if needed

e Transfer of calculated investments to the EBME model, if needed

% General Algebraic Modelling System
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Step 3: Calculation of the overall socio-economic effects with the E3ME model.
Input data needed for ESME model:

e Full set of National Accounts Economic data (historic data)

e Full set of energy balances and prices, emissions (historic data)

e Estimated econometric elasticities based on historical data

e ETS allowance price (historic data)

o Electricity price calculated with the PowerFlex model

¢ Investments for new power plants calculated with the ELIAS model, if applicable
Model calculation:

e Simulation of demand for electricity and fuels, and the subsequent economic
impacts

Output data and results:
¢ Energy demand and emissions (all sectors)
e Sectoral economic output, summing to GDP
e Employment impacts

Model linkage:

¢ Transfer of the electricity demand to the ELIAS and PowerFlex mode
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Figure 4.3 Linkage of the detailed power sector models PowerFlex and ELIAS with
the general econometric model E3ME
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The detailed evaluation of the power sector, which is by far the largest user of ETS
allowances and subject to the RES-E Directive and the CHP Directive as well, will in-
crease the understanding of different policies impacts. For the power sector, the im-
proved model-based approach includes the short-term dispatch of power plants (Pow-
erFlex model) and the long-term investment effects in the power sector (ELIAS model).
These two models are described below. The wider economic framework and coverage
of the other ETS sectors is provided by the EBME macroeconomic model. E3BME is an
econometric model with parameters derived on a fully empirical basis, reflecting real-
world behaviour at the Member State level. The model provides an estimate of direct
and indirect economic costs and is described further below after the power sector
models.

The sectoral/geographical coverage is thus:

e For the power sector in the selected Member States a very detailed treatment is
provided based on the PowerFlex model. This is described below.

e For the power sector in other Member States a less detailed treatment is pro-
vided based on E3ME’s Energy Technology Model®. This explicitly includes a

% See Barker, Lofsnaes and Pollitt (2007) ‘The ETM in E3ME43’, Cambridge Econometrics
working paper: http://www.camecon.com/Libraries/Downloadable Files/ETM.sflb.ashx.
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range of generation technologies, but at a much lower level of detail than Pow-
erFlex.

e For the industrial sectors that are included in the ETS, a simpler ‘top-down’
method is used, based on econometric parameters. Individual technologies are
not explicitly defined.

Ideally, it would be possible to include a more detailed treatment of the industrial sec-
tors as well, taking into account their production methods and available technologies.
Such bottom-up models are being developed for some of the sectors and, over time,
will become better linked to the macroeconomic framework (as described in Chapter 2).
However, it should be noted that the level of resources required to carry out such an
exercise is considerable, as a separate model is used for each sector.

Nevertheless, by combining a detailed treatment of the power sector with an economet-
ric approach to cover wider costs and indirect impacts the weakness of the existing Tier
3 methodology can be eliminated. Another strength of this approach is its use of a con-
sistent data base. This comprehensive Tier 3 methodology refinement can also be
used for the impact assessment of the RES-E Directive and the CHP Directive (see
chapter 4.2 and 4.3).

At the same time, the Tier 3 approach also shows some limitations. Due to the techni-
cal detail of the dispatch model, the geographical broadness is limited to individual
Member States or a group of neighbouring Member States. The reason for this limita-
tion is linked with the complexity of the optimization problem, which has to be solved by
a common computer system and within an acceptable time frame. The complexity of
the optimization problem corresponds directly with the amount of power plants consid-
ered in the model and the geographical area. Another limitation is the availability of the
required data and models. While data concerning grid load or fuel consumption are
freely available at ENTSOE or from the EUROSTAT database, technical data concern-
ing the power plant fleet are mainly based on the commercial UDI World Electric Power
Plants Database (WEPP). Furthermore, the required models are also not freely avail-
able, so that similar models have to be developed by Member States themselves or
research institutions with model capacities have to be involved in the evaluation proc-
ess via service contracts.

There are also some limitations in the econometric modelling and measurement of
costs. As described in Chapter 2, these often reflect the level of data that are available.
For example, the analysis is carried out at sectoral rather than installation level and the
highest degree of disaggregation that is available is NACE 2-digit level. The economet-
ric model is also subject to the Lucas Critique (i.e. it is assumed that behavioural re-
sponses do not change, see Chapter 2) although this is less of an issue for ex-post
analysis.
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4131 Description of the power plant dispatch model PowerFlex

The power plant dispatch model PowerFlex developed by Oko-Institut is a fundamental
model which dispatches thermal power plants, feed-in from renewable energy sources,
pumped storage hydro power plants and flexible power consumption at minimal costs
to meet the electricity demand and the necessary reserve capacity. The PowerFlex
model has been designed as both a linear and a mixed-integer optimisation model and
is currently used for ex-post evaluation of policy measures and for ex-ante scenario
analysis of paths geared to increasing the use of renewable energy sources, electric
mobility and smart grids®°.

Thermal power plants are modelled in detail with the help of technical and economic
parameters. Power plants with an installed electrical capacity exceeding 100 MW are
distinguished individually and by specific efficiency. Furthermore three different operat-
ing conditions are differentiated in the mixed-integer option of the model: start-up and
shutdown, partial load and full load. Alongside technology-specific ramp rates, efficien-
cies are also distinguished in the different operating conditions.

Smaller thermal power plants are grouped together according to technology and con-
struction year and ascribed characteristics with the help of type-specific parameters.
For these power plants ramp rates are not taken into account. The same is true of
pumped storage hydro power plants, which are grouped together according to compa-
rable relations of storage capacity to installed electrical capacity. For Germany for ex-
ample, the overall thermal power plant fleet is composed of approx. 250 individual
power plants and 150 technology aggregates.

Biomass power plants using biogas, wood or plant oil can be modelled in two ways:
first of all as predefined continuously feed-in and secondly as technology aggregates
for the flexible use of biomass plants within the thermal power plant fleet. CO, emis-
sions from the thermal power plant fleet, which are induced by fuel combustion, are
calculated based on fuel-specific CO, emission factors. Other gaseous emissions, like
SO, or NO, for example, could generally be included in the PowerFlex model as well.
The emission factors of other gases than CO, depend on the combustion technology
as well as flue gas cleaning technology. The detail of modelling other gaseous emis-
sions is therefore limited by the technologies distinguished in the PowerFlex model.

The electricity which can be produced from run-of-river, offshore wind, onshore wind
and photovoltaic is predefined using generic feed-in patterns in hourly resolution. The
actual quantity of feed-in is determined endogenously, with the result that the available
yield of fluctuating electricity can also be curtailed (e.g. in the case of negative residual
load and insufficient storage capacity).

The production pattern for electricity from combined heat and power is based on a typi-
cal pattern for district heating and assumed uniform distribution in the case of industrial

% For example, the eTelligence E-energy project or the OPTUM e-mobility project.
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CHP plants. This produces a specific CHP pattern for each major energy source. For
must-run power plants like blast furnace gas or waste incineration plants, a uniformly
distributed feed-in of electricity is assumed.

Electricity demand is predefined in hourly resolution analogously to fluctuating feed-in
from renewable energy sources. The demand pattern is composed of the system load
for the considered year®® and an assumed uniform distribution of the electricity produc-
tion from industrial power plants, which is not included into the transmission grid load.
In order to meet the demand for primary reserve capacity, taking into account the min-
imum partial load and maximum ramp rates of the power plants, a year-round minimum
capacity of thermal power plants is predefined, derived from pre-qualification conditions
for primary regulation and technology-specific minimum capacity of typical plants.

Based on perfect foresight, the minimal cost dispatch of thermal power plants, feed-in
from renewable energy sources and pumped storage hydro power plants is then calcu-
lated within the scope of linear or mixed-integer optimisation, taking into account tech-
nical and energy-economic constraints. The optimisation problem is implemented in
GAMS®” and solved using the simplex algorithm®. While the linear option consists of a
year-long optimisation horizon (8,760 time steps and several millions variables), the
mixed-integer option is due to its exponential rising complexity based on a day-ahead
optimisation (365 optimisation horizons, each with 24 time steps and several thousands
of variables).

As a result electricity prices, fuel mix and CO, emissions are determined in hourly reso-
lution. These data and other detailed information (e.g. operating hours and marginal
income of individual power plants) can be linked to the investment model ELIAS and
the general econometric model E3ME (see Figure 4.3 and Figure 4.4).

The geographical scope, which has to be equal for the two power sector models, de-
pends mainly on the available hardware resources. On a server with four common cen-
tral processing units (approx. 8-12 GHz) and approx. 12 GB RAM, the geographical
scope is limited to individual Member States or to a group of smaller and neighbouring
Member States. The geographical scope could be increased of course, if the consid-
ered technical details of the power plant fleet are reduced and the complexity of the
optimisation problem, which has to be solved, decreases accordingly.

4.1.3.2 Description of the power plant investment model ELIAS

ELIAS (Electricity Investment Analysis) is a bottom-up simulation model for invest-
ments in power plants. Based on the decommissioning of power plants as well as on
the development of electricity demand over time, the need for investment in new power

&6 https://www.entsoe.eu/db-query/consumption/mhlv-a-specific-country-for-a-specific-month/
®7 General Algebraic Modelling System.
% CPLEX solver from llog.
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capacity is determined. New electricity generation capacity is added assuming perfect
foresight of an ideal-typical investor, knowing all costs over the depreciation period of
the investment. The investment in new power plants is cost-driven, i.e. the lower the
unit generation costs, the higher corresponding capacity additions of the technology. A
bandwidth of technologies is added as a function of their distance from the cheapest
technology.

ELIAS may incorporate results of the merit order model PowerFlex in its decommis-
sioning rationale and investment decision. Similarly, capacity additions estimated by
ELIAS may serve as an input for PowerFlex.

The investment modeling is based on expectations about future policy and energy-
economic framework conditions (fuel and CO, prices, allocation rules, etc.). From 2005
to 2011, parameters correspond to materialised values. From 2012 onwards, price and
policy projections are used. LCOE are determined by capital expenditures for invest-
ment as well as fixed and variable operating costs. LCOE are influenced by the policy
scenario by an additional cost stream (CO, allowance costs) as well as by resulting
changing operating hours (PowerFlex). The additional cost stream for CO, allowances
depends on the fuel type (CO; intensity), the allocation rule (auctioning, benchmarking,
etc.) and the CO, price. Operating hours are influenced by the fuel type and the CO,
allowance price (the higher the CO, intensity and the higher the CO, price, the fewer
hours the power plant is dispatched).

LCOE are estimated based on the net present value of all costs over the depreciation
period as well as the evolution of full load hours during the same period. In conse-
quence, cost accruals in the first years of the depreciation period have a higher impact
than costs occurring in later years. Therefore, allocation rules and the corresponding
necessity to purchase CO, emission allowances have a higher impact in the first years
after power plant construction. This has two implications: firstly, for the effectiveness of
climate policy it is important that stringency of allocation rules is ensured already at the
beginning. Secondly, for the purpose of ex-post evaluation, data quality must be high-
est for the first years after introduction of the policy (from when on the ex-post assess-
ment is carried out) in order to have an assessment of the effects of climate policy.

It also has to be mentioned that real decisions on power plant investment at the begin-
ning of the EU ETS were based on the expectation of future climate policy as well as
other energy-economic framework conditions, whereas the modeling for the ex-post
assessment uses materialised values and projections from today’s perspective subse-
quently (see above). That means that the basis for investment decision may have been
different in 2005 from what are considered the investment conditions from an ex-post
perspective.

Allocation rules in the first two trading periods were to a large extent determined by
national governments. Therefore, differences exist between member states. The allo-
cation may be reflected in the modeling in three ways:

e Assumption of 100% auctioning: this option is easy to implement; however, it
does not reflect the actual circumstances in the first two trading periods.
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e (Detailed) allocation rules for each member state: this corresponds to the most
accurate reflection of the policy (consideration of benchmarks, compliance fac-
tors®, transfer rules’™, etc.). However, the complexity and diversity of rules
make it difficult to implement.

e Auctioning shares for each member states: this method allows for a differentia-
tion of auctioning rules for different technologies and member states based on
the amount of allowances that have to be purchased. This is a good compro-
mise between accuracy and easiness of implementation.

For the testing case for Germany, calculations were carried out using auctioning shares
for different technologies.

4.1.3.3 Iteration between power plant dispatch (PowerFlex) and investment
(ELIAS)

Power plant dispatch and power plant investment are calculated by an iterative applica-
tion of the investment model ELIAS and the dispatch model PowerFlex (Figure 4.4).
Investment decisions in new power plants are taken from the perspective of an ideal-
typical investor based on the levelised costs of electricity (LCOE) as the most important
decision variable (ELIAS)"". Power plant dispatch is determined by minimising overall
electricity generation costs (PowerFlex). The demand for new power plant investment
is determined by the decommissioning of power plants as well as the development of
the electricity demand (ELIAS). Decommissioning of power plants takes place at the
end of the technical lifetime. Electricity demand is influenced by the policy (price elas-
ticity of the counterfactual scenario) and is modelled in the E3ME model (sec-
tion 4.1.3.4). The power plant structure serves as an input to the dispatch model Pow-
erFlex, which in turn determines the dispatch of power plants and corresponding oper-
ating hours. Operating hours are fed back to ELIAS as an essential input for the in-
vestment decision.

89 Compliance factors stipulate the amount of emission allowances effectively allocated based

on the corresponding allocation rule. For instance, if emission allowances according to a
benchmark are 100 t for power plant and the compliance factor is 95%, then 95 EUA are al-
located to that power plant.

Transfer rule allow for a (temporal) carry-over of allowances of an (old, inefficient) power
plant to a new power plant if the former is decommissioned. Since the new power plant re-
quires fewer allowances, the transfer rule leads to a net income for the new power plant and
thus for an additional incentive for investing in new power plants.

The electricity price is not directly considered in the ELIAS as input data, rather the electricity
price is a result of the dispatch of power plants in the PowerFlex model, which in turn de-
pends on the power plant fleet calculated in ELIAS. In turn, operating hours of individual
power plants are related to the electricity price. Operating hours are considered in ELIAS for
determining the overall amount of electricity generation going offline and the type of new
technologies built. In this regard, there is an indirect link between power plant investment
and the electricity price.
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Figure 4.4 lteration between power plant decommissioning and investment (ELIAS)
and power plant dispatch (PowerFlex)
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Iterations between ELIAS and PowerFlex are carried out until results regarding power
plant investment and power plant dispatch become stable in both models. In this re-
gard, there are two fundamental feedbacks between power plant decommissioning and
investment on the one hand and power plant dispatch on the other hand:

e Decommissioning/investment demand (electricity gap): Market results (operat-
ing hours) influence the overall electricity generation of decommissioned power
plants™ and thus the need for new generation capacity. The overall capacity of
new power plants added, in turn, affects power plant operation. In this regard,
there is an interaction between power plant operation and the magnitude of new
capacity additions.

¢ Investment decision: The types of power plant technologies invested in depend
on the full costs of electricity generation (LCOE). An important influence pa-

2 In this project, power plants are decommissioned at the end of their technical lifetime.
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rameter for determining the LCOE is the number of operating hours, on the ba-
sis of which the investment analysis is carried out. The power plant types built
in turn influence the merit order of the power plants and thus power plant dis-
patch. In this regard, there is an interaction between the power plant technolo-
gies built and power plant dispatch.

4134 Description of the econometric model E3ME

E3ME is a computer-based model of Europe’s economic and energy systems and the
environment. It was originally developed under the European Commission’s research
framework programmes and is now widely used in Europe for policy assessment, for
forecasting and for research purposes.

The economic structure of E3ME is based on the system of national accounts, as de-
fined by ESA95 (European Commission, 1996), with further linkages to energy demand
and environmental emissions. The labour market is also covered in detail, with esti-
mated sets of equations for labour demand, supply, wages and working hours. In total
there are 33 sets of econometrically estimated equations, also including the compo-
nents of GDP (consumption, investment, international trade), prices, energy demand
and materials demand. Each equation set is disaggregated by country and by sector.

E3ME'’s historical database covers the period 1970-2009 and the model projects for-
ward annually to 2050. The main data sources are Eurostat, DG Ecfin's AMECO data-
base and the IEA, supplemented by the OECD’s STAN database and other sources
where appropriate. Gaps in the data are estimated using customised software algo-
rithms.

The main dimensions of the model are:

e 33 countries (the EU27 member states, large candidate countries plus Norway
and Switzerland)

e 42 economic sectors, including disaggregation of the energy sectors and 16
service sectors

e 43 categories of household expenditure
o 19 different users of 12 different fuel types

e 14 types of air-borne emission (where data are available) including the six
greenhouse gases monitored under the Kyoto protocol.

e 13 types of household, including income quintiles and socio-economic groups
such as the unemployed, inactive and retired, plus an urban/rural split

Typical outputs from the model include GDP and sectoral output, household expendi-
ture, investment, international trade, inflation, employment and unemployment, energy
demand and CO, emissions. Each of these is available at national and EU level, and
most are also defined by economic sector.
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The econometric specification of E3ME gives the model a strong empirical grounding
and means it is not reliant on the assumptions common to Computable General Equi-
librium (CGE) models, such as perfect competition or rational expectations. E3ME
uses a system of error correction, allowing short-term dynamic (or transition) outcomes,
moving towards a long-term trend. The dynamic specification is important when con-
sidering short and medium-term analysis (eg up to 2020) and rebound effects, which
are included as standard in the model’s results.

In summary the key strengths of E3ME lie in three different areas:

e the close integration of the economy, energy systems and the environment, with
two-way linkages between each component

e the detailed sectoral disaggregation in the model’'s classifications, allowing for
the analysis of similarly detailed scenarios

e the econometric specification of the model, making it suitable for short and me-
dium-term assessment, as well as longer-term trends

For further details, the reader is referred to the model manual available online from
www.e3me.com.

Assessment of environmental impacts and socio-economic costs

As direct environmental impact of the EU ETS in the electricity sector the CO, emis-
sions related to the fuel consumption of the plant dispatch in hourly resolution are de-
termined. For the other sectors the CO, emissions related to energy and electricity
price variation are determined with the E3ME model. This is a three-step process:

e Aggregate energy demand is determined as a function of economic activity, en-
ergy prices and current technology.

e Energy demand is shared between 12 different fuel types, with econometric
equations for the main types (hard coal, fuel oil, natural gas and electricity) and
fixed shares for the others.

e (CO, emissions are estimated using fixed coefficients to fuel consumption.
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The results from E3ME include other air-borne pollutants, such as SO,, NO, and par-
ticulates, at more aggregate level, so could be used to estimate co-benefits, for exam-
ple from reduced coal combustion. These have been linked to damage coefficients
from the ExternE projects to provide a monetary value of marginal costs (e.g. to health
and to buildings). However, this is not the focus of this exercise.

Box: Energy Prices

E3ME treats international energy prices (excluding taxes) as exogenous, matching
the actual outcome over the assessment period (and matching the projections used
with PRIMES for ex-ante assessment). Traditionally this has been a standard mod-
elling assumption; that developments in Europe do not affect global markets. How-
ever, feedbacks may be important; Sinn (2009) noted that if it was supply rather
than prices that were fixed, 100% of the emission reductions would be offset by
increased consumption elsewhere (a form of carbon leakage).

The reality is likely to lie somewhere in between, with reductions in demand leading
to both reductions in supply and some reduction in prices. Some models, including
POLES, have attempted to capture this relationship using global supply curves.
However, it must be noted that even these relatively sophisticated treatments can-
not accurately account for political factors, such as changes in OPEC quotas.

In addition, price reactions vary by fuel type and an endogenous approach would
need to take this into account. While oil is largely traded globally, gas contracts are
increasingly becoming separated from oil prices. Coal prices are determined at a
regional level, but are to some extent still dependent on oil prices due to the high
transport cost of coal.

For electricity, prices in EBME are set to include a measure of ‘levelised’ costs, so
that wholesale prices include the costs of fuel, ETS compliance and investment in
new plant.

Reference: Sinn, HW. 2009. The Green Paradox, CESIfo Forum 2009 Volume 10 Issue 3, downloadable at

http://ideas.repec.org/s/ces/ifofor.html

The electricity generation costs and the investment costs for new plant capacities are
part of the physical compliance costs of the regulated entities in the electricity sector.
Plant-specific electricity generation costs and the resulting electricity price from plant
dispatching are a result of the PowerFlex model. Investment costs for new plant ca-
pacities can be calculated with the ELIAS model in the counterfactual scenario. For the
policy scenario empirical research is taken into account and supplemented with eco-
nomic data of the ELIAS model data base if necessary.

The overall economic effects (for example in terms of GDP, employment and structural
change, see Section 2.1.3) in all sectors are determined with the E3ME model. There
are two main feedback mechanisms:

e The first relates to the energy production and extraction sectors. If physical
business and household fuel demand fall, this is reflected in lower intermediate
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and final economic demand for the outputs of the fuel sectors. However, in eco-
nomic terms, these sectors are small in European countries.

e The second relates to the increase in costs of industries that use energy. De-
pending on market structure, these costs may be absorbed (resulting in lower
profits) or passed through (resulting in lower product demand).

The advantage of using a general macroeconomic model is that these economic im-
pacts are held within a single framework. For example higher energy and industrial
prices will lead to competitiveness effects at the sectoral (2-digit) level but also on an
aggregate level to give a measure of domestic inflation and the effects on households’
incomes’®. Ultimately this leads to an estimate of loss of production across the entire
economy and a reduction in GDP.

Administrative costs of the regulated entities as well as the regulator are not part of the
models and have to be derived based on a literature survey.

4.1.4 Linkage of EU ETS and international carbon markets

According to Article 11a’ of Directive 2009/29/EC and Directive 2004/101/EC (Linking
Directive) CER and ERU certificates from CDM and JI projects can be transferred to
the EU ETS. This mechanism links international carbon markets with the EU ETS. Be-
tween 2008 and 2010 about 2,100 million emission units including EUA, CER and ERU
have been surrendered per year, whereas in 2008 and 2009 about 82 million emissions
units and in 2010 about 137 million emissions units are from ERU and CER (about 4 %
of total surrendered certificates in 2008 and 2009; about 8 % of total surrendered cer-
tificates in 2010)”°. Incumbents who commenced operation prior to 2008 as well as
new entrants in the second trading period are allowed to use CDM/JI credits at a spe-
cific maximum depending on their allocation in the second trading period. For Germany
for example, this figure is set to 22 %°.

In the first phase of the EU ETS the price for EUA certificates started with 30 €/EUA
and declined to nearly zero in 2007. In the second phase of EU ETS the EAU spot
price started 2008 in the range of 20 €/EAU to 25 €/EAU and reached from 2009 on-
wards a level of about 15 €/EAU. In 2012 the EAU spot price declined to currently less

73 Using Eurostat household expenditure survey data, it is possible to estimate the impacts on

incomes of a range of different types of households, including income quintiles and vulner-
able socio-economic groups (e.g. retired, unemployed, economically inactive), plus an urban
and rural split.

Use of CERs and ERUs from project activities in the Community scheme before the entry
into force of an international agreement on climate change

> Cames et al, Functioning of the ETS and the Flexible Mechanisms, European Parliament,
2011, p. 12.

7 Herma_r_m et al., Free allocation of emission allowances and CDM/JI credits within the EU
ETS, Oko-Institut Berlin, 2010, p. 36.
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than 10 €/EAU’’. The CO, price is influence by different factors. On the supply side,
additional surrendered CER and ERU emission units increase the total amount of
available EUA and may lead to a decreasing EUA price. On the demand side, an in-
creasing consumption of CO,-intensive goods produced by companies under the EU
ETS, may lead to an increasing EUA price. The EUA price is therefore also influenced
by the development of the economy in general. Marginal CO, abatement costs, which
are influenced by other economic and technological parameters, like the price spread
from coal to gas or an increasing efficiency ratio of electricity generation for example,
influence the EUA price as well.

The prices for surrendered CER have been lower than for surrendered EUA in the sec-
ond phase so far (by about 2 €/t to 5 €/t)’®. Therefore it can be assumed, that without
the possibility of using CER and ERU, the price for EUA would be higher. To estimate
this price effect with a basic methodological approach on Tier 1 level, the price spread
from EUA to CER certificates as well as the surrendered emission units could be taken
into account. Under the restriction of a linear correlation between EUA price and sur-
rendered CER certificates, the adjusted EUA price can be estimated via weighted
combination of surrendered CER, ERU and EUA.

In a recent study from Oko-Institut (Hermann and Matthes, 2012)"°, it is estimated that
the use of CERs between 2008 and 2020 amounts to 1.6 billion t in the EU ETS. Based
on the estimation of future EUA prices and the effects of the set-aside and the linear
reduction factor®®, the average price increase in 2013 is 3.5 €/EUA in 2013 and
9.5 €/EUA in 2020. Compared to prices in 2013, this constitutes a price increase of
44 %; compared to prices in 2020, a price increase of 66 %. It can therefore be con-
cluded that without the CDM (with a similar volumes as the set-aside and linear reduc-
tion factor), EUA prices would have been 50 % higher than in the current case (includ-
ing CERSs).

E3ME includes an exogenous treatment of CDM/JI. A more sophisticated methodology
may be possible, but it is difficult for an economic model to explain why low-cost CDM
options are not taken up (partly because the models do not include administrative
costs). Nevertheless, it is important to be aware of the implications of including CDM/JI
in the targets; these are reflected in the modelling results:

™ Ibid., p. 13.
% Ibid., p. 14.

" Hermann, H.; Matthes, F. (2012): Strengthening the European Emissions Trading Scheme
and Raising Climate Ambition. Facts, Measures and Implications. Report by Oko-Institut for
WWF and Greenpeace. http://www.oeko.de/oekodoc/1484/2012-056-en.pdf.

8 EUA futures are estimated at 7.9 €/EUA in 2013 and 14.3 €/EUA in 2020. Price effects in
2013 of a set aside (1.4 billion EUA) are estimated at 2.5 €/EUA in 2013 and 4 €/EUA in
2020. Price effects in 2013 of a set aside and linear reduction factor of 2.25% (1.7 billion
EUA) are estimated at 4.5 €/ EUA in 2013 and 15 €/EUA in 2020.
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e The domestic target becomes less ambitious as emission reductions are partly
achieved in third-party countries.

e The EUA price will be lower, meaning that the direct compliance costs are less.
However, the value of allocated allowances will also be lower.

e A lower EUA price may mean lower economy-wide costs (e.g. to GDP, em-
ployment), but it is also important to note the flow of money out of the EU to
third-party countries.

¢ Administrative costs for CDM/JI are higher than for purchasing ETS allowances.

4.1.5 Summary and conclusions

Due to the major improvements made for the Tier 2 and the Tier 3 methodology ap-
proach the EU ETS policy is proposed to be further investigated within the course of
this project in the testing of methodologies phase (see section 5.1).

4.2 RES-E Directive

4.2.1 Review and critical assessment of existing methodology

The existing Tier 1 and Tier 2 methodology for ex-post evaluation of the RES-E Direc-
tive developed in the previous project takes the electricity produced by renewable en-
ergy sources as activity data in association with an emission factor for electricity gen-
eration substituted by them. The amount of electricity produced by renewable energy
sources is therefore assumed to be an output of the RES-E Directive in general. Other
options, which take the existing policy trend or autonomous RES-E development into
account, are described but not chosen for calculations in the previous project.

The emission factor for the Tier 1 approach represents the electricity mix from coal,
natural gas and oil power plants on European level®' and for the Tier 2 approach on
national level respectively. In the Tier 3 approach the average emission factor is de-
rived from the national marginal power plants in terms of short term or long term mar-
ginal costs®.

The relevant data needed for the Tier 1 and Tier 2 approach are available within the
EUROSTAT data base, both on European as well as on national level®. The applica-

8" Nuclear power plants are excluded because their operation was not influenced in the past.

82 Quantification on the effects on greenhouse gas emissions of policies and measures
(ENV.C.1/SER/2007/0019), Final Report Appendix I, p. 34 to 36, 2009.

% Main tables “Electricity generated from renewable sources” and “Total gross electricity gen-
eration”, data base entries “Imports (by country of origin) - electricity - annual data”, “Exports
(by country of destination) - electricity - annual data” and “Supply, transformation, consump-
tion — fuel type - annual data”
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tion of the current Tier 1 and Tier 2 approach is therefore feasible for all Member
States. The Tier 3 approach needs a partial model of the electricity sector to determine
the emission factor for the marginal power plants. The previous project calculates the
impact assessment for Germany exemplarily with the PowerACE model®*.

The definition of the policy induced development of RES-E needs further refinement
and clarification for all Tier levels considering autonomous development of RES-E. An-
other important task is further understanding of the interaction of the RES-E Directive
and the EU ETS and CHP policies, which highly influence the power sector as well.

4.2.2 Proposed improvements and refinement methodology

For all Tier levels, the definition and derivation of the policy induced development of
RES-E has to be clarified further. This means the derivation of autonomous develop-
ment of already cost-effective plants as well as the interaction with national RES-E pol-
icies which have been implemented independently of the RES-E Directive.

One approach to define autonomous RES-E development is to consider RES-E with
marginal costs less than the average electricity price as not induced by the RES-E Di-
rective. In general this affects mainly large hydro power plants. However, the RES-E
Directive targets also non-cost barriers for renewable electricity. Therefore the overall
RES-E development could also be defined as policy induced in total. Against that,
electricity generation from biological waste treatment should be excluded, due to elec-
tricity generation is generally a secondary product of waste treatment only.

As opposed to this task the definition of the Tier 1 and Tier 2 emission factor on Euro-
pean respectively national level is seen to be an adequate methodology. On Tier 3 lev-
el the emission factor of the marginal power plants has to be derived with a partial
model of the electricity sector.

For Tier 1, the following improvements are suggested:

¢ Definition of autonomous RES-E only for electricity generation from biological waste
treatment. All other RES-E generation is defined to be policy induced by the RES-E
Directive.

e The emission factor to calculate the environmental impact is derived from the Euro-
pean energy mix in the electricity sector including all energy sources not covered
by the RES-E Directive. Corresponding to the methodology in the upcoming report-
ing under the Renewable Energy Directive (2009/28) and to the suggestions of the
previous project, nuclear power plants should be excluded from the calculation of
the emission factor.

e For the calculation of the economic impact, generation based and installation based
subsidies can be distinguished. For RES-E policy based on feed-in tariffs, quota-

# Quantification on the effects on greenhouse gas emissions of policies and measures
(ENV.C.1/SER/2007/0019), Methodologies Report Appendix I, p. 167, 2009.
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based tradable certificates or bonus systems, the economic impact can be derived
as product of RES-E electricity generation and feed-in tariff, certificate price or bo-
nus minus average electricity price. For RES-E policy based on investment subsi-
dies or tax reduction, the economic impact can be derived as product of installed
RES-E capacity with investment subsidy or tax reduction. Another cost proportion
arises from connecting the power plant to the grid. These costs maybe included in-
to electricity grid charges of the network operator.

For Tier 2, the following improvements are suggested:

Definition of autonomous RES-E development and calculation of the additional
electricity generation from renewable energy sources as described for Tier 1.

The emission factor to calculate the environmental impact is derived from the na-
tional energy mix in the electricity sector including all energy sources not covered
by the RES-E Directive. Corresponding to the methodology in the upcoming report-
ing under the Renewable Energy Directive (2009/28) and to the suggestions of the
previous project, nuclear power plants should be excluded from the calculation of
the emission factor.

Improvements for the calculation of the economic impact are the same as for Tier 1
approach.

For Tier 3, the following improvements are suggested:

The partial model of the electricity sector should include plant dispatching as well
as investment decisions to cover short term and long term effects. Therefore the
dispatching model PowerFlex and the power plant investment model ELIAS can be
taken into account. The models and their linkage and interaction are described in
section 4.1.2.

The development of RES-E in the counterfactual scenario should also consider the
effect of autonomous RES-E development as described for the Tier 1 and Tier 2
approaches.

The environmental impact is calculated with the dispatching and investment models
of the electricity sector as described in section 4.1.2. The scenario analysis takes
the empirical power plant fleet for the baseline scenario and a model-based deter-
mined power plant fleet for the counterfactual scenario into account.

The cost assessment described for Tier 1 and Tier 2 can be refined with electricity
prices and RES-E feed-in on hourly resolution.

Data assessment and consistent data base

The relevant data input for the impact assessment of the power sector is described in
section 4.1.2.
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4.2.3 Summary and conclusions

The methodology to determine the environmental impact on Tier 1 and Tier 2 does not
consist of major improvements and consists of good data availability. It is therefore
seen not to be a candidate for methodology testing. Opposed to this the improved
methodology for the assessment of the economic impact is suggested for further test-
ing on Tier 3 level.

The suggested improvements on Tier 3 level should be tested in combination with the
EU ETS policy for selected Member States to improve the understanding of policy in-
teractions. The evaluation of policy interaction is based on a scenario analysis with 4
scenarios (counterfactual without EU ETS and without RES-E Directive, counterfactual
without EU ETS but with RES-E Directive, counterfactual without RES-E Directive but
with EU ETS and the policy scenario with EU ETS and with RES-E Directive). For the
power sector it will show differences concerning electricity mix, electricity prices and
CO2 emissions for example, In combination with the macroeconomic model E3ME, it
shows interactions concerning electricity prices and investment, providing many of the
macroeconomic costs described in Chapter 2 (GDP, employment, structural and distri-
butional impacts). Impacts on air quality can be assessed in a limited manner using the
same approach described for the EU ETS.

4.3 CHP Directive

4.3.1 Review and critical assessment of existing methodology

The current Tier 1 methodology does not constitute a policy impact assessment, but an
analysis of what contribution CHP has provided to GHG reduction since the introduc-
tion of the CHP Directive, regardless of whether this contribution is policy-induced or
corresponds to the autonomous development of CHP®. In this regard, Tier 1 does not
distinguish between the baseline (policy scenario considering the CHP Directive) and
the counterfactual scenario (without considering the CHP Directive).

CO, reduction due to CHP is estimated by calculating CO, emissions from fuel use in
CHP plants and comparing CHP electricity and heat production to CO, emissions from
European average electricity generation and from heat generation in gas-fired heat-
only boilers®.

8 Quantification on the effects on greenhouse gas emissions of policies and measures
(ENV.C.1/SER/2007/0019), Methodologies Report, p. 50, 2009.

% Quantification on the effects on greenhouse gas emissions of policies and measures
(ENV.C.1/SER/2007/0019), Final Report Appendix I, p. 47, 2009.
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One major gap concerning the ex-post evaluation of the CHP Directive have been sig-
nificant data problems identified in the previous project concerning the fuel type specific
disaggregation of CHP EUROSTAT data. Therefore assumptions had to be made for
the Tier 1 approach.

EUROSTAT data are now available on a more detailed base which allows for disag-
gregating input and output data related to CHP plants in further categories. This relates
to fuel input as well as to heat and electricity generation (both in gross and net values).
Generally, CHP and heat-only or electricity-only power plants are separated in
EUROSTAT which allows using data relevant for CHP only. Furthermore, data is differ-
entiated with regard to whether CHP heat is produced by autoproducers or as a main
activity. Furthermore, data are differentiated with regard to fuel types. This allows cal-
culating CO, emissions from fuel combustion in CHP plants in a rather accurate man-
ner.

The now generally available CHP data are the major improvement concerning the con-
clusions of the previous project. The explicit split of inputs and outputs in CHP and non-
CHP data therefore renders unnecessary the assumptions with regard to the efficiency
of CHP plants made in the report of the previous project. Furthermore, since fuel types
are available in a disaggregated manner, fuel-specific CO, emission factors (instead of
generally using the CO, emission factor of natural gas as proposed in the previous pro-
ject) can be used for estimating CO, emissions of CHP plants.

In addition, EUROSTAT contains fuel-specific fuel consumption of overall electricity
generation for member states. This allows estimating the EU average CO, emission
factor for electricity generation as needed for the proposed Tier 1 methodology. CO,
emission reductions related to the displacement of heat is based on the assumption of
a natural gas-fired heat-only boiler and an assumed thermal efficiency of 85%.

Furthermore, since autoproducers are separated from main activity CHP producers, the
assumption by the methodology that the increase of CHP production by autoproducers
is autonomous (i.e. not policy-induced) can be implemented with the data available by
EUROSTAT.

According to the report of the previous project, Tier 2 allows for a first order policy im-
pact assessment enabling a simple differentiation between the baseline (policy sce-
nario) and the counterfactual scenario. It aims at increasing the level of detail using
sectoral data on heat demand. Furthermore, CHP technologies are to be differentiated
on a sectoral level and the number of CHP installations and the installed capacity at a
sectoral level need to be identified. New CHP technologies should be identified. With
regard to the average emission factor for electricity generation, average Member State
values are to be used.

As regards sectoral disaggregation of data, EUROSTAT provides final energy con-
sumption in different sectors. However, there is no information available with respect to
the CHP data at a sectoral level. Furthermore, heat production as well as installed ca-
pacity is available for CHP in a technology- and fuel-specific disaggregation. However,
there is no information available on sectoral CHP capacity or sectoral heat demand. In
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this regards, a first order policy impact assessment as suggested by the report of the
previous project is not feasible with the data available in EUROSTAT. Furthermore,
there is no further methodological information available on how this sectoral analysis
would need to be performed®’. As regards the CO, emission factor for electricity gen-
eration on a member state level as suggested by the previous project, the correspond-
ing data is available (cf. Tier 1 above). National CO, emission factors can therefore be
calculated. Generally, due to the lack of data on a European level and the lack of fur-
ther methodological guidance, the Tier 2 methodology can therefore be applied only in
a very limited manner. National data may be used instead (as suggested by the previ-
ous report for the case of the Netherlands).

As regards Tier 3, the previous report does not explicitly provide a methodological pro-
cedure. However, the methodological discussion describes the need for analysing the
economics of CHP and for discerning the policy impact of national CHP legislation from
the CHP Directive as well as the impact of the CHP from other ECCP policies. In this
regard, there is a differentiation between the baseline scenario and the counterfactual
scenario. However, this kind of information is not available in EUROSTAT and there-
fore requires a deeper analysis based on national data.

In the previous report, there is no methodological approach for the estimation of socio-
economic costs related to the CHP Directive.
4.3.2 Proposed improvements and refinement of methodology

Assessment of environmental impacts and socio-economic costs

The methodologies for estimating CHP reduction effects as proposed by the previous
study can be further improved based on the findings of the review above as well as on
further considerations.

For Tier 1, the following improvements are suggested:

e Itis proposed that the reference value for heat production be based on a boiler effi-
ciency of 100% (formerly 85%). An efficiency of 100% corresponds to the best
available technology regarding heat-only boilers (condensing boilers). An upward
adjustment of the efficiency would also result in more conservative emission reduc-
tion estimates.

e The estimation of CO, emissions of CHP plants should be based on the fuel-
specific fuel consumption available in EUROSTAT and corresponding CO, emis-
sion factors by IPCC.

e The assumption that the development of CHP production by autoproducers can be
considered as autonomous improvement is not a plausible general assumption
(and therefore requires more specific analyses in Tier 3). For this reason, CHP pro-

8 A discussion on the application of Tier 2 to the case of the Netherlands is available as a case

study, though.
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duction should be equally considered (as CHP production from main activity pro-
ducers) for the evaluation of effects of the CHP Directive.

e A comparison of the CHP reductions effects in a specific year against the levels in
2004 (as suggested in the previous report) is certainly a valid assumption for Tier 1.
All emission reductions achieved since 2004 would then be attributed to the CHP
Directive.

e Socio-economic costs can be estimated on two levels. Firstly, compliance costs by
operators can be estimated based on unit costs of CHP production (as described in
Table 3.8 in comparison to unit costs of electricity production of alternative tech-
nologies. Secondly, policy (administrative) costs can be estimated by multiplying
the additional CHP generation induced by the Directive with a unit cost of CHP
support (e.g. CHP bonus per kilowatt hour of CHP electricity). Corresponding data
should relate to European average values.

As regards Tier 2, the following improvements are suggested:

e As outlined above, a combined sectoral and technology-specific disaggregation of
CHP is not feasible with EUROSTAT. For this reason, a first order policy assess-
ment cannot be performed in Tier 2. A more in-depth analysis should be carried out
in Tier 3.

e Other suggestions for Tier 1 related to fuel-specific fuel consumption, to the refer-
ence value of boiler efficiency as well the distinction between autoproducers and
main activity CHP producers are also applicable for Tier 2.

e Socio-economic costs can be estimated in analogy to Tier 1. Corresponding data
should relate to national values.

Regarding the Tier 3 approach, an in-depth analysis regarding the impact of the CHP
Directive in comparison to a scenario without the directive should be performed allow-
ing for a detailed differentiation between the baseline (policy scenario) and the counter-
factual scenario. Since national CHP legislation is usually linked to the CHP Directive,
its impact should be considered equal to the impact of the CHP Directive (i.e. part of
the baseline scenario). The following approach could be chosen. Based on typical op-
erating hours of CHP plants (and other power plants) provided by the PowerFlex mod-
el, the investment in new power plants is estimated for the counterfactual scenario
(without CHP Directive)® and for the case with the CHP Directive (baseline scenario)
using the power plant investment model ELIAS. CHP promotion by the directive can
ideally be reflected in the model by incorporating related grants, feed-in tariffs, etc.
which affect the profitability and thus the investment in different plant types. The differ-
ence in investment in new CHP plants between both scenarios corresponds to the in-
vestment effect of the CHP Directive. Similarly, investment effects induced by other

% Another option of defining the baseline scenario would be to consider empirical data on CHP
construction as outlined in Section 4.1.2.
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measures (e.g. EU ETS) can be estimated and roughly separated from the effects of
the CHP Directive based on a scenario analysis considering different combinations of
EU ETS, RES-E Directive and CHP Directive (see section 4.1.2).

The actual CO, reduction effect by the CHP Directive can be calculated by using the
PowerFlex model for both scenarios (power plant fleet with and without the implemen-
tation of the CHP Directive) and by estimating corresponding CO, emissions. Further-
more, reference values for heat production as proposed for Tier 1 and 2 should be
used to estimate the CO, reduction effect related to the additional CHP heat produc-
tion.

Socio-economic costs can be estimated on several levels. Firstly, compliance costs for
investment in CHP technology is estimated by considering the difference in the power
plant structure between the baseline and counterfactual scenario and corresponding
investment costs. Secondly, policy costs can be estimated by considering additional
CHP generation (or additional CHP capacity installed) and the corresponding govern-
mental support (grants, feed-in tariffs, bonuses, etc.). Finally, costs related to the over-
all economy can be estimating overall costs for the supply of electricity in the counter-
factual and the baseline scenarios using the PowerFlex model. Furthermore, additional
cost or benefits due to fuel savings and changing heat prices (e.g. district heating in
comparison to heat-only boilers) can be estimated based on PowerFlex model results.

Data assessment and consistent data base

e For Tier 1 and 2, data related to GHG reduction effects correspond to the data
described in the previous report (EUROSTAT and IPCC). These are now avail-
able and can be used for the estimation.

e For estimating socio-economic costs in Tier 1 and 2, unit costs of CHP produc-
tion (in comparison to unit costs of electricity generation of other technologies)
as well as policy costs (CHP support) need to be collected on a EU level (Tier
1) and a national level (Tier 2).

e For the estimation of GHG reduction effects as well as socio-economic costs,
data on investment costs as well as energy-economic framework conditions
(fuel prices, CO, prices, CHP subsidies, heat prices, etc.) as well as other pow-
er sector-related data (such as load curves or feed-in curves of renewables)
need to be collected.

4.3.3 Summary and conclusions

The improved availability of CHP data in EUROSTAT allows for estimating CO, emis-
sions from fuel consumption of CHP plants as well as the CO, emission factor of elec-
tricity generation on a more disaggregated level (fuel-specific fuel consumption, sepa-
ration of CHP from non-CHP generation as well as separation of CHP production from
autoproducers from main activity CHP generation) which enables the estimation of CO,
reduction effects based on Tier 1. Assumptions regarding the electric efficiency of boil-
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ers as well as regarding the consideration of CHP generation from autoproducers as
autonomous development should be further improved. Socio-economic costs can be
estimated by collecting EU average values for unit costs of CHP production (in com-
parison to electricity generation from other technologies) and CHP support data
(grants, bonuses, etc.).

As regards Tier 2, a first order policy assessment cannot be performed due to a lack of
data. More disaggregated data of CHP production as well as improved assumptions
regarding boiler efficiency should be used in analogy to Tier 1. Socio-economic costs
should be estimated in analogy to Tier 1, but based on national data.

Regarding Tier 3, a methodology for estimating CO, reduction effects induced by the
CHP Directive is proposed. Firstly, additional power plant investment due to the promo-
tion of CHP (by feed-in tariffs, grants, etc.) is estimated in the power plant investment
model ELIAS. The difference in corresponding CO, emissions related to electricity
generation is estimated with the PowerFlex model. CO, reductions due to the dis-
placement of heat from heat-only boilers are calculated in analogy to Tier 1 and 2. So-
cio-economic costs can furthermore be estimated by using data on CHP investment
costs, on CHP support schemes and corresponding modelling results of the PowerFlex
model (electricity price).

The testing of the improved Tier 1 and 2 methodologies should be performed for repre-
sentative Member States corresponding to the share of CHP. For the testing of the
improved Tier 3 methodologies, the estimation of the non-policy induced CHP scenario
(counterfactual scenario) is a crucial task.

4.4 Biofuels (Directive 2003/30/EC)

Directive 2003/30/EC of the European Parliament and of the Council of 8 May 2003 on
the promotion of the use of biofuels or other renewable fuels for transport required the
Member States to introduce legislation and take the necessary measures to promote
biofuels (liquid or gaseous fuels used for transport and produced from biomass) ac-
count for a minimum proportion of the fuel sold on their territory. The reference value
for these targets was set at 5.75 %, calculated on the basis of energy content, of all
petrol and diesel for transport purposes placed on their markets by 31 December 2010.

4.4.1 Review and critical assessment of existing methodology

The methodology of the ex-post evaluation for the EU biofuels policy done by the for-
mer consortium has been reviewed and the most important factors which can influence
the outcomes of the ex-post analysis are written down in this paragraph. The following
paragraphs describe and motivate which of the improvements are proposed in this pro-
ject.
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Summary of Tier 1, 2 and 3 approach for biofuels

In the previous project the methodology had three levels of complexity (Tier 1, Tier 2,
Tier 3) which are distinguished in the following manner:

> Tier 1 approach: calculates impacts based on the total biodiesel and bioethanol
consumption in EU-27, and uses EU average default emission factors for each of the
two main groups.

> Tier 2 approach: calculates total impacts based on the total biodiesel and bioethanol
consumption per MS combined with MS specific average default emission factors for
each of the two main groups.

> Tier 3 approach: calculates impacts based on streams of specific feedstock/type of
biofuel combinations at MS level, combined with MS specific emission factors for these
individual streams. However, due to a lack of data on specific feedstocks for most of
the MS (except for Germany) the refined calculation could not be carried out for a lar-
ger number of countries.

These methods are applicable to the EU biofuel policy in the 2003-2008 period as well
as to the current policy based on the FQD and RED.

In the Renewable Energy Directive (2009/28/EC) and the Fuel Quality Directive
(2009/30/EC) typical emission well-to-wheel GHG emission factors are listed for a wide
range of biofuel type / feedstock type combinations. These typical values can be used
as inputs for determining the EU average emission factors in the Tier 1 approach and
the MS specific emission factors in the Tier 2 and 3 approach. Our interpretation of the
terminology “EU / MS specific emission factors” is that these are to be derived by
weighting the typical emission factors for different fuel / feedstock combinations, as
listed in the FQD and RED, over the EU or MS specific distribution of biofuel / feed-
stock streams. This exercise already mimics a large part of the tier 3 approach, so that
amendment of the Tier 1 and 2 approach to base them on the recent emission factors
from the RED / FQD diminishes the methodological distinction between the three ap-
proaches.

Gaps identified in the previous project’s approach
For Tier 1 methodology

The Tier 1 approach adopted in the previous project was simple in its nature, but per-
fectly adequate for the level of complexity. Apart from including default emission factors
based on the RED / FQD there is no need for adjustments of the tier 1 methodology.

For Tier 2 methodology
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Member State specific average default emission factors for bio-diesel and bio-ethanol
are to be used. The emission factors, however, are intended to be taken from the data
published in the renewable energy and fuel quality directives, which are EU average
typical emission factors for different biofuels from a range of feedstocks. This seems to
imply that MS specific emission factors for specific biofuels, as used in the Tier 2 ap-
proach, are only MS specific in as far as they are determined based on weighting of the
emission factors for production of that biofuel from different feedstocks over the MS
specific distribution of feedstocks. However, it is not clear from the report how this is
done and what the MS specific feedstock distributions are.

Member State specific emission factors per feedstock, depending on details of the pro-
duction chains from which a MS obtains its biofuels, could be a further detailing of the
analysis, provided that such detailed, production chain specific emission factors are
available. At some point in time this might be based on information from certificates of
origin. For the moment, however, such further detailing does not appear feasible and is
not considered as part of the proposed methodology for Tier 2. .

For Tier 3 methodology

In the tier 3 approach the omission of effects of Land Use Change (LUC), as well as
the relative lack of Member State specific feedstock streams, give clear directions for
future improvements. It needs to be found out to which extent information on MS spe-
cific feedstock streams can be obtained from MS reporting or other monitoring work.

Emission factors for biofuels from MS specific feedstock / production chains

The inclusion of MS specific feedstock data would be a clear improvement. The previ-
ous report only reports the findings for Germany. There is however a Tier 3 result for
the EU15 too in the report. It is unclear what these results are based on. It may be that
aggregated data at EU level are available, but a split between the Member States was
not available or found. Clearly, inclusion of such feedstock stream data would improve
the level of detailed insight and realism.
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Figure 4.5 Figure 4-5 from the final report of the previous project.

Figure 4-5  Biofuels Directive: sengitivity analysis for the different factors affecting the COs savings (Mt
CO2 equ. in 2007 for the EU2T)
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Mote: The dotted red line represents the result derived using EU average conditions. Variations due fo
methodological choices are shown as red armows. Variations due to data issues are shown as green amows.

As a further comment to the above graph the previous report mentions that: “The dif-
ference between gross and net savings is changing rapidly (the red dashed line). The
data on variations in feedstocks across countries (green arrows) as well as methodo-
logical issues (red arrows) could be improved along the lines presented in the present
report.”

It is expected that the methodological issues with respect to allocation of GHG emis-
sions to co-products can be resolved on the basis of the calculation methodology used
for deriving the typical emission factors as listed in the RED and FQD.

With respect to the assessment of feedstock streams it should be noted that the Com-
mission is preparing for the monitoring of Directive 2009/28. Consultants contracted by
DG Energy are working on a baseline report for this which should include methodolo-
gies in these areas.

A remarkable outcome of the previous project, however, is the surprisingly small differ-
ence between the results for the Tier 2 and Tier 3 methodology. This could be the re-
sults of the fact that for most countries both are underpinned by the same emission
factors.
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Land use change

The report elaborates on direct and indirect land-use change. When the production of
biofuels results in direct land use change, producers need to calculate these emissions
according to the methodology included in the Renewable Energy and Fuel Quality Di-
rectives. This could also be considered at some point in time based on information from
certificates of origin. For the moment, however, such further detailing does not appear
feasible and is not considered as part of the proposed methodology for Tier 2.

With regards to indirect land use change, the available knowledge is reviewed and
based on this. The previous project decided that the effects of iLUC could not yet be
included in the methodology. The impact of iLUC, however, could be large.

The Commission recognises that iLUC can reduce the contribution of biofuels to GHG
emission reduction and discussions are currently looking at whether/how this should be
addressed. Depending on the outcome of on-going work, the inclusion of default emis-
sion factors for indirect land-use change as soon they become available could there-
fore be another clear recommendation.

Recommendations from the previous project

The previous project recommended the following further research to improve the eval-
uation methodology for GHG emission reduction due to bio-fuel use:

1. The well to tank GHG emissions of the bio-fuel (this is currently part of the
emission factors and is widely accepted, although individual parts of the LCA
such as N,O release from fertilisers are subject to a high variation)

2. Emissions arising from land-use change. Direct land use change emissions
could be reported in detail in future if reported information could be based on
certificates of origin. With regards to indirect land use change, should a meth-
odology be proposed by the Commission in the frame of the Renewable Energy
and Fuel Quality Directives, these default emission factors for indirect land-use
change could be included in the ex post assessment methodology as soon as
they emerge.

3. As developments in this sector move very quickly, default emission factors for
the tier 1 approach need to be updated on a regular basis.

4. Rising energy prices. If in future years the price of oil will further increase, bio-
fuels will benefit from this as they will become more competitive.

5. Technological development. Innovations and further increase in production
scale will probably reduce cost of bio-fuel and making them more competitive.

Regarding the evaluation and development of possible improvements of the ex-post
CO. impact assessment methodology this project will focus on improvements at the tier
2 and 3 level with respect to the issue nr. 2, as well as on exploring options for improv-
ing emission factors for Member State specific feedstocks and types of bio-fuels.

Issue 1 is considered relevant but requires detailed study beyond the scope of the cur-
rent project. Issue 3 is relevant but should be treated in the context of the periodic re-
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view of the Renewable Energy and Fuel Quality Directives. Issues 4 and 5 are not con-
sidered a methodological issue, but rather to relate to the periodic generation of input
data for the assessment of CO, impacts and cost effectiveness.

4.4.2 Proposed improvements and refinement of methodology
Improvement of the methodology for assessment of CO, impacts

Given the limitations of available data on the share of individual bio-fuel streams in the
total bio-fuel consumption at the national level as well as on the life cycle emissions
associated with specific bio-fuel feed stocks and production chains, the Tier 3 approach
can currently still not be tested. The data needed to perform such an analysis are at
least not readily available. Therefore a methodology should be developed and at the
same time the availability of mentioned data should be investigated. These actions do
not fit within the scope and budget of the present project. Indications that mentioned
data are in principle available would be welcome, because without these data, the ap-
proach will for sure not be feasible. The project will therefore focus on identifying ap-
proaches for resolving the data availability issues associated with the Tier 3 approach.
An assessment of what has changed with respect to the availability of data in the last
two years will be done. Furthermore obstacles for a more refined calculation will be
identified, e.g. related to the need for labelling the various feedstocks.

Making use of the publication of the Renewable Energy and Fuel Quality Directives and
the resulting availability of detailed typical well-to-wheel emission factors, the Tier 2
approach will be updated and improved.

Recently a number of studies on (indirect) land use change in relation to biofuels have
been carried out for the European Commission:

» the JRC AGLINK modelling®

= the first IFPRI modelling®

» the JRC model comparison exercise®’

» the JRC spatial Allocation Model®2.

There is also a further refinement of the IFPRI study with Monte Carlo analysis of the
(indirect) LUC values, which has now been published®. In addition to this also a recent

review of the various modelling analyses®, requested by the EP, and a recent review
carried out by CE Delft are available. In light of these developments and the complexity

89 http://ipts.jrc.ec.europa.eu/publications/pub.cfm?id=3439

% http://trade.ec.europa.eu/doclib/docs/2010/march/tradoc_ 145954 .pdf

o http://re.jrc.ec.europa.eu/bf-tp/download/ILUC_modelling_comparison.pdf
%2 http://re.jrc.ec.europa.eu/bf-tp/download/EU_report_24483_Final.pdf

% http://trade.ec.europa.eu/doclib/docs/2011/october/tradoc_148289.pdf
94

http://www.mvo.nl/Portals/0/duurzaamheid/biobrandstoffen/nieuws/2011/03/EP%Z20rapport.p
df
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of the issue it considered that further study into (indirect) LUC emissions factors within
this project is neither feasible nor adding value.

Since all the studies referred to as well as the Commission's work are forward-looking it
may however be useful assess how relevant such work is for ex-post evaluation (and
how factors such as the use of set-aside land during the implementation of Directive
2003/30 can be taken into account).

Development of a methodology for assessment of costs

In addition to assessing CO, impacts, options for ex post assessment of costs and
economic impacts will be explored. Identifying appropriate sources for information on
biofuel costs and prices is an important element of this work.

As the previous study did not address this in detail, a first step in developing a method
for ex post cost assessment should be to better define what the purpose and ap-
proaches will be.

Market prices are relatively well-known but actual production costs are more difficult to
assess and thus require more attention. Whether prices or costs need to be used in an
assessment of societal costs of biofuels policies, depends on the origin of the biofuels:

Imported biofuels can be considered a commodity so that the international market price
(exclusive of taxes) can be used as proxy for the societal costs. In that case the feed-
stock and production chain for a given biofuel do not influence the cost assessment
and can be used for the Tier 1, 2 and 3 approaches.

For biofuels produced within the country in which they are used (or within the European
Union when assessing cost effectiveness from an EU perspective) the production costs
are the required input for calculating cost effectiveness from a societal perspective. In
this case costs do depend on the specific origin and production chain of the biofuel.
Actual production cost data are not generally available in the public domain, however.
Nevertheless, for the Tier 1 and 2 approaches estimating such costs incidentally is ex-
pected to be possible with sufficient accuracy on the basis of literature, market surveys
and expert information. For the Tier 3 approach the required detail is at the level of
individual biofuel producers, so that cost information will be difficult to obtain. Monitor-
ing development of these costs over time in a detailed way (e.g. on an annual basis)
will very likely not be possible.

Provided that sufficient information can be found to monitor cost trends, TREMOVE or
another model may be used to identify second order impacts of biofuel costs on trans-
port performance (kilometres driven), and to separate the impact of the Biofuels Direc-
tive from the impact of other policy measures and trends.
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The main improvements to be developed are:
Tier 1

e A method to regularly update the default LCA emission factors for various bio-
fuels.
e An appropriate method to assess costs at Tier 1 level.
Tier 2
o Default emission factors for indirect land use change impacts to be incorporated
into the tier 2 approach.
e An appropriate method to assess costs at Tier 1 level.
Tier 3
e An EU monitoring system should be developed and put in place that is aimed at
detailed monitoring of the various feedstock streams and associated costs /
prices. Such a system will enable detailed consideration of contributions by

specific feedstock or type of bio-fuel, including any reported direct land use
change emissions, at the member state level as well.

e Also for the Tier 3 approach default emission factors for indirect land use
change impacts should be incorporated.

Assessment of environmental impacts (focus on GHG)

PAMs addressing GHGs and other air pollutants should focus on GHGs but may ana-
lyze other air pollutants to the extent they have an impact on costs and benefits. For
the impact of bio-fuels three topics of the total bio-fuels consumption are of major im-
portance:

1. The domestically produced amount of bio-fuels as part of the total consumption
2. The imported amount of bio-fuels as part of the total consumption
3. The exported amount of domestically produced bio-fuels (if applicable).

The total bio-fuel consumption (on an aggregated level) can be derived from the na-
tional energy supply balance, as reported to EUROSTAT. This provides data on the
national primary production of bio-fuels and the amounts imported and exported. The
balance of this constitutes the gross national consumption.

The environmental impacts from the first mentioned topic can ideally® be derived from
the national GHG inventory (energy transformation and —use, LUC). This also holds for
topic 3. The environmental impacts from imported bio-fuels can partly be derived from
the GHG inventory (energy transformation and -use) but the iLUC aspects should be
assessed separately.

% In historic inventories, the bio-fuels emissions may not be included in detail.
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For the Tier 1 approach the default emission factors for the various bio-fuels should be
up to date. With the rapidly developing technology in this field, LCA GHG impacts may
change quickly. For that reason some system of regularly updating the default emission
factors must be installed.

With the Tier 2 approach the impacts of direct and indirect land use change are impor-
tant to assess. This is possible only if default emission factors for (in)direct land use
change are agreed upon. At present the impact of LUC on the emissions can most
suitably be addressed in a Tier 3 approach where specific feedstock streams are con-
sidered at a MS level. Development of methods to include these effects in the ex-post
assessment methodology, however, has to wait until ongoing work at the EU level has
reached agreement on the size of these effects and general methodologies to assess
them.

Furthermore the previous report mentions that effects of cultivation of the soil, including
exhalation of N,O (from fertilizers) should be incorporated. N.O emissions, however,
are already included in the typical emission factors for different biofuels as listed in the
FQD and RED.

For a Tier 3 approach the individual specific feedstock streams that are used for bio-
fuel production, and any reported direct land use change emissions, must be assessed.
This most detailed form of assessment requires many, detailed data. Most of these
data are not easily accessible and getting them would require a great effort. It will
probably not be easy to conduct a full Tier 3 assessment in the near future.

Assessment of socio-economic costs

The implicit assumption in the previous report was that bio-fuels are —for the time be-
ing- not an economically competitive alternative for conventional fuels. This leads to a
problem that the ‘normal’ costs of a certain feedstock or bio-fuel in a market not influ-
enced by incentives and/or legal obligations, are no longer available. In an artificially
stimulated market, the price is no longer an appropriate indicator for costs. Thus, socie-
tal costs should therefore be calculated bottom up with an agricultural scientifically
sound model. Such bottom-up calculations do not fit within the present projects budg-
et nor scope, but should form an integral part of the proposed approach.

To complicate matters further, the methods of promoting use of biofuels differs per
Member State. There are MS that use tax exemptions on Biodiesel or Bioethanol, oth-
ers using blending targets only for both or one of the prominent biofuels. This was spe-
cifically the case for the 2003-2008 period in relation to Directive 2003/30/EC. In re-
sponse to the RED and FQD most Member States appear to implement the legislation
through mandatory targets.

In practise there is a vast array of combinations of the possible policies among the MS.
This implies, however that a socio-economic cost assessment must be based on a
Member State specific approach. The additional costs for substitution of conventional
fuels by biofuels will depend on local availability (of biofuel or feedstock to produce it
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from) and the global market for that product, which is influenced by the increased de-
mand in the European Union®. If this approach of analysing per MS (including EU
trade measures for imported goods) is adopted, though, it should be possible to arrive
at a realistic estimate of societal cost for the biofuel stimulating measures. This may
seem a quite complicated task, but fortunately there is no need to split between the
effects of national (MS specific) and European regulation. The national measures are
all implementations of policies to meet obligations set by the European Union.

The societal costs for importing and/or domestically producing biofuels is another mat-
ter though. Here a feedstock stream specific analysis should be made. A fundamental
difficulty with this approach will remain getting reliable feedstock specific cost data for
the locally produced biofuels. The cost of the feedstock itself should be deductable
from available EU and FAO production and cost data. The production costs for the fuel
may be harder to obtain, but could be estimated from available data. A bottom-up ap-
proach from studies in this or related process industry may give enough detail to arrive
at reliable production costs estimates for the various biofuel streams.

Data requirements

Tier 1

Accessible and reliable cost and volume data for imported streams of bio-fuels or raw
feedstock / intermediates. For internally produced bio-fuels, the production costs for
specific types of bio-fuel (if needed, split over feedstock and production process used)
must be available.

For a societal cost estimate of the policy measures, an aggregated EU 27 level of costs
should be available as well. In principle, this is the same as the weighted average of
the various member state specific costs.

Further the base price of fossil fuels must be available as well.
Tier 2

Again, reliable cost and volume data for imported streams of bio-fuels or raw feedstock
/ intermediates must be available. However, here a greater level of detail is required, so
that individual bio-fuels and/or raw feedstock streams can be assessed. For internally
produced bio-fuels, the production costs for specific types of bio-fuel must be available.

For a societal cost estimate of the policy measures, an aggregated EU 27 level of costs
should become available as well. This level could be deduced from historic world and
EU market cost prices (split per biofuel or major raw feedstock type). For domestically

% pelkmans, L., Govaerts, L. and Kessels, K. (2008). Inventory of biofuel policy measures and
their impact on the market. Report of ELOBIO subtasks 2.1-2.2.

< http://www.elobio.eu/fileadmin/elobio/user/docs/Elobio_D2_1_Policylnventory.pdf >
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produced biofuels (from foreign and domestic feedstock alike), it may be difficult to ob-
tain reliable cost data, because of producer specific processes and rapidly advancing /
changing technology in this field

Tier 3

For the more detailed assessment, reliable cost and volume data must be available for
streams of individual types of bio-fuel and raw feedstock species split out per member
country as well as well as at aggregated EU27 level.

For a societal cost estimate of the policy measures, a MS specific level of costs should
be available as well. This level could be deduced from historic world and EU market
cost prices (split per biofuel or major raw feedstock type). For domestically produced
biofuels (from foreign and domestic feedstock alike), it may be near impossible to ob-
tain reliable cost data, as these will be producer specific in the tier 3 approach.

4.4.3 Summary and conclusions

For further improving the methodology of assessing effectiveness of GHG policy
measures in the field of biofuels, the previous project presented a useful framework for
assessing effectiveness. The approach was split in three levels of detail: tier 1 address-
ing impacts of biofuel use with EU average emission factors, tier 2 doing the same with
more detailed, MS specific emission factors, and tier 3 incorporating feedstock and
production process specific data. The basic approach was worked out quite well al-
ready, the two more advanced tiers can be improved upon. Improvements with respect
to the assessment of impacts on CO, emissions, as brought forward in this project,
include:

e For Tier 1: regular update of emission factors (necessary due to rapidly chang-
ing biofuel technology)

e For Tier 2: determination of default emission factors that incorporate indirect
land use change.

e For Tier 3: A monitoring system to be developed and put in place that is aimed
at detailed monitoring of the various feedstock streams, including reporting their
direct land use change emissions.

In addition a method will need to be developed for collecting cost information and for
assessing costs and cost effectiveness of the biofuels policy. Monitoring costs may be
difficult as a large part of this information is generally not available in the public domain.
It is, however, assumed likely that such data can be approximated with satisfactory
quality based on literature data and expert knowledge for the purpose of periodic sur-
veys of ex-post costs and impacts.
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4.5 CO,regulation for new cars

45.1 Introduction

The emissions from road transport have continually increased since 1990 while emis-
sions in many other sectors are decreasing. Because of this, the EU is very active in
creating regulations aiming at decreasing the CO, emissions from road transport. The
aim of this section is to develop a methodology of the ex-post evaluation of the effects
and costs of the CO, regulations for new cars.

4.5.2 CO;regulations for passenger cars

To control greenhouse gas emissions from the transportation sector, the European
Commission signed voluntary agreements with the automotive industry to reduce the
emissions of carbon dioxide. Three agreements were signed in 1998-1999, with the
following associations:

o ACEA—European Automobile Manufacturers Association (Association des
Constructeurs Européens d’Automobiles): BMW, DaimlerChrysler, Fiat, Ford,
GM, Porsche, PSA Peugeot Citroén, Renault, VW Group.

e JAMA—Japanese Automobile Manufacturers Association: Daihatsu, Honda,
Isuzu, Mazda, Mitsubishi, Nissan, Subaru, Suzuki, Toyota.

o KAMA—Korean Automobile Manufacturers Association: Daewoo, Hyundai, Kia,
Ssangyong.

Cars sold by the members of the above mentioned associations represented about
90% of the total EU vehicle sales.

The agreements define a fleet-average CO, emission target for new cars sold in the
European Union, to be reached collectively by the members of each association.

The ACEA Agreement, signed in March 1998, included the following major provisions:

e An averaged CO; emission target of 140 g/km to be reached by 2008 (this tar-
get represented a 25% reduction from the 1995 level of 186 g/km)

¢ An intermediate target range of 165-170 g CO,/km by 2003
e The possibility to extend the agreement to 120 g CO,/km by 2012
¢ Individual ACEA members to introduce models of 120 g CO,/km or less by 2000

Japanese and Korean manufacturers (JAMA and KAMA) signed similar commitments
to that of ACEA, target of 140 gCO,/km to be reached by 2009.

Progress toward the CO, emission targets was monitored jointly by the European
Commission and by ACEA. Average CO, emissions from new light-duty vehicles for the
period of 2000-2009 have decreased as shown in Figure 4.6.
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Figure 4.6 Average CO;emissions (2000-2009), g/km
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Note: CO; figures for ACEA, JAMA and KAMA have been adjusted for the change in the test
procedure (a 0.7% downward adjustment from the New European Driving Cycle measurement
(NEDC®"), while the EU-27 figures are non-adjusted measurements (ECE+EUDC® cycle ac-
cording to Directive 93/116/EC).

In spite of the significant CO, emission reductions achieved in the initial years and a
5% drop recorded in 2009 (in part due to economic recession and in part by the advent
of the regulation and national tax incentives for low CO, cars), none of the three asso-
ciations was able to reach the 140 g/km target by 2008/2009. Therefore, the voluntary
agreements were replaced by mandatory CO, emission regulations from new light-duty
vehicles in 2009.

With this, the Commission developed a mandatory CO, emission reduction program.
Two separate regulations cover CO, emissions from passenger cars and light commer-
cial vehicles

e CO, emission targets for new passenger cars were adopted on 23 April
2009 (Regulation 443/2009/EC)*. The regulation established a fleet-average

* Technical Guidelines for the preparation of applications for the approval of innovative tech-
nologies pursuant to Regulation (EC) No 443/2009 of the European Parliament and of the
Council,

URL: http://ec.europa.eu/clima/policies/transport/vehicles/cars/docs/quidelines_en.pdf

% See URL http://www.dieselnet.com/standards/cycles/ece eudc.php
% REGULATION (EC) No 443/2009 OF THE EUROPEAN PARLIAMENT AND OF THE

COUNCIL of 23 April 2009 setting emission performance standards for new passenger cars as
part of the Community’s integrated approach to reduce CO2 emissions from light-duty vehicles
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CO, emission target of 130 g/km to be reached by 2015. The regulation also
defines a long-term target of 95 g CO./km to be reached from 2020.

e CO, emission targets for light commercial vehicles were proposed in May
2011 (Regulation 510/2011/EU)*®. The regulation sets the average CO, emis-
sions for new light commercial vehicles at 175 gCO,/km and from 2020 sets a
target of 147 gCOy/km.

The regulations cover only CO, emissions, other greenhouse gases are not regulated.

Passenger Cars

A fleet-average CO, emission target of 130 g CO,/km must be reached by 2015. This
fleet averaged target is translated into manufacturer specific targets, that must be met
by these individual manufacturers using vehicle technology. To meet the EU
CO, emission target of 120 g CO,/km, a further emission reduction of 10 g CO,/km is to
be provided by additional measures, such as the use of biofuels. A blending of trans-
port fuels with an average 10% biofuel would be necessary to do so.

The specific emissions target for each manufacturer in a calendar year is based on the
vehicle mass. It is calculated as the average of the Specific Emissions of CO; (g/km) of
each new passenger car registered in that calendar year, where:

Specific Emissions of CO, = 130 + 0.0457 x (M - M)

In the above formula, M is the mass of the vehicle (kg), and My is 1372 kg for calendar
years 2012-2015. From the end of 2014, the value of My will be adjusted every three
years to reflect the average mass of passenger cars in the previous three calendar
years. Thus, the target of 130 g/km is directly applicable to vehicles of an average
mass, while lighter cars have lower CO, targets and heavier vehicles have higher
CO, targets.

The regulation is phased-in over the period from 2012 to 2015. Manufacturers must
meet their average CO, emission targets in 65% of their sales in 2012, 75% in 2013,
80% in 2014 and 100% from 2015.

% REGULATIONS REGULATION (EU) No 510/2011 OF THE EUROPEAN PARLIAMENT
AND OF THE COUNCIL of 11 May 2011 setting emission performance standards for new light
commercial vehicles as part of the Union's integrated approach to reduce CO2 emissions from
light-duty vehicles
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4.5.3 Proposed methodology

In a previous project "Quantification of the effects on greenhouse gas emissions of pol-
icies and measures" an advanced methodology related to the ACEA agreement was
developed. This methodology was critically reviewed in this study.

As the ACEA agreement has been superseded by the current CO, legislation (Regula-
tion 443/2009 and Regulation 510/2011), improvements to the 3 tiered methodology
were developed in view of application of the methodology to the current CO, legislation.

The earlier project defined three tiers for the ex-post evaluation of the ACEA agree-
ment in relation to GHG emission impact. There was no methodology developed for
assessing the costs. The definition of the tier levels as worked out in the former project
is recapitulated in the next table (Table 4.1).

Table 4.1 3-tiered methodology proposed by the former project.

Tier 1 — EU level

The assessment of the policy impact over the period since the voluntary agreement
was implemented is made on the following basis:

The upper bound of the policy impact is estimated from the time series of:
= emission rates of new cars;
= number of new registrations; and,
= average distance travelled per passenger car.

No corrections are made for dieselisation or autonomous progress (the performance of
new cars is evaluated as compared to the base year 1995), i.e. frozen efficiency at
1995 levels is assumed.

Tier 2 — MS level

In the Tier 2 methodology, national data for the emission rate of new vehicles (g
CO./km) substitutes EU averages. The assessment of the policy impact over the period
since the voluntary agreement was implemented is divided into two components:

1. First, the upper bound of the policy impact is estimated from the time series of:
= emission rates of new cars;
= number of new registrations; and,
= average distance travelled per passenger car.

This is similar to Tier1 but using national emission rates.

2. Then, the impact of the shift from petrol to diesel fuel is calculated and its effects
removed from the upper bound. The methodology assumes that the shift to diesel
was not influenced by the voluntary agreement and so cannot be attributed to it.
(The correction due to dieselisation is 12% for the EU 15.)

No correction is made for autonomous progress.

Tier 3 — Detailed calculations using an appropriate transport model
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In summary, the methodology for a Tier 3 ex-post analysis is:

1. Reproduce the historical data, given the bottom-up calculation methodology in an
appropriate transport model.

2. Assess the importance of specific factors. These are:

= Firstly, what is the rate of autonomous technological progress? This can be
identified from the historical trend of gCO./km per vehicle in the period before
the ACEA agreement, e.g. in the period 1990-1996.

= Mix of Petrol and Diesel cars, given their different time trajectories in emissions
performance.

= Then, there is a comfort factor increasing the indicator g/km: the change in the
composition of the vehicle stock by size class, reflecting the development of
manufacturers' marketing policies, consumer preferences and wealth.

= Fiscal policies such as the car taxation according to CO, impact.
= Fuel price
= Use of low emission fuels.

3. The 'unexplained' change in emissions factor can then be taken as the impact of the
ACEA agreement (which assumes, of course, that all other major factors have been
identified and their impact accurately assessed).

According to the previous project, the Tier 1 and 2 levels seem to overestimate the CO,
reduction of the ACEA agreement. As a result this project focused on (an improved)
Tier 2 approach. It can be done since more detailed data on new registered cars in the
EU became available. The added value of this project was to make an attempt to as-
sess the costs of the implementation of the CO, regulations. The available cost data
are very limited but some information about the effect of emission reduction on the pro-
duction costs of new cars became available from recent studies. In this project, an in-
dicative exploration is proposed to assess the cost effectiveness of the EU regulations
for new cars.

Environmental effects of the CO, regulation

All regulations concerning new cars are aimed at reduction of the carbon emission fac-
tor. Therefore the effect of the regulations can be estimated based on a comparison of
actual and the hypothetical (without regulation) emissions. The actual and hypothetical
development of CO, emissions can be estimated using available data.

The hypothetical CO, emissions scenario assumes a constant CO, emission factor for
the years following 2000. The actual emission scenario uses as much as possible de-
tailed data on reported/projected energy use and emission data. Comparison of both
scenarios reflects the impact of different parameters (such as changes in fuels, engine
capacity, mass, power) and as such will provide a quantitative range of the possible
impact of the measure on the development of CO, emissions from new cars.
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The Regulation 443/2009/EC requires Member States to record information for each
new passenger car registered in its territory. Every year, each Member State shall
submit to the Commission all the information related to their new registration. In par-
ticular, the following details are required for each new passenger car registered: manu-
facturer name, type, variant, version, make and commercial name, specific emissions
of CO,, mass in running order, wheel base and track width. Additional information, such
as fuel type, fuel mode and engine capacity were also submitted. The somewhat ag-
gregated, database is publicly available at the EEA website.'"’

Vehicle stock data used for the evaulation were derived from the TREMOVE'® data-
sets. TREMOVE is a policy assessment model, designed to study the effects of differ-
ent transport and environment policies on the transport sector. The model estimates for
technical and non-technical measures and policies such as road pricing, public trans-
port pricing, emission standards, subsidies for cleaner cars etc., the transport demand,
modal shifts, vehicle stock renewal and scrap page decisions as well as the emissions
of GHG, air pollutants and the welfare level. TREMOVE models both passenger and
freight transport. The model covers all inland urban and interurban transport modes -
road, rail, water and air transportation. It covers the period 1995-2030. At the moment,
input databases are calibrated to feed the model for 31 countries (EU-27 plus Croatia,
Norway, Switzerland and Turkey).

The following data were used in the environmental analysis.
1) For each manufacturer in each MS:

a) Total number of new cars registered by fuel type for each year between 2000
and 2009 (humber)
b) Distribution of these cars over engine capacity classes (number) to aggregate
the new cars into size classes (small, medium, large) '
c) Averaged CO, emission factor by engine capacity classes'® (gCO./vkm
d) Averaged respectively mass, power and engine capacity by class'®
2) Averaged mileage for new cars (vkm from TREMOVE)

)104

Please note that the above classification method introduces a flaw in the calculation
method. No correction is made for the impacts of autonomous trends in mass and
power-to-weight ratio. What is observed is that cars of the same model gain weight
over time (for instance the current VW Golf is 400 kg heavier than the first model). Also
performance of cars has increased due to increased kW/tonne ratios. Both trends

97 hitp://www.eea.europa.eu/data-and-maps/data/co2-cars-emission-1
102 http://www.tremove.org/

1% As these classes form the aggregation level in the publicly available database. The underly-
ing more detailed data will also be available for use by the EU and it's Member States.

194 Specific emission factor from EEA database (type approval emissions)
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would lead to increased CO, emissions if no measures were taken to improve the effi-
ciency of vehicles. The current available data sources do not provide enough detail to
address and quantify these effects.

With the available data two trends of the development of the CO, emissions, actual and
hypothetical were calculated. The following formula was applied:

ECO2 (y) = z Nclm(y)* Mileageclm(y)* EFCOZ,cIa$(y)

classes

In actual CO, emission scenario EF_ (y) reflects the CO, emission factors in year

0O, ,class
y while in the hypothetical scenario it was assumed that within each class the averaged
CO, emission factor did not change since the year 2000'%. Table 4.2 presents the ac-
tual and hypothetical CO, emissions from new cars (diesel and petrol) in 2009. The
emission reductions achieved for petrol are larger than those for diesel cars. As the
emission reduction from new cars last over the total lifetime of the vehicle and the re-
placement of the current fleet progresses the total impact of the regulation will in-
crease.

Table 4.2 CO, actual and hypothetical emissions [Gg] from new cars for the year

2009
Diesel Petrol
Hypo- Hypo- Emissions | share of
Actual thetical Actual thetical from road | emissions
Member | Emissions | Emissions Emissions | Emissions transport | from new
State [Gg] [Gg] A [Gg] [Gg] A [Ggl cars
Austria 32.10 32.88| 2% 13.53 15.09|11%| 20893.74 0.22%
Belgium 83.30 88.71| 6% 7.49 8.66|16% | 25914.06 0.35%
Bulgaria 2.85 2.89| 1% 0.46 0.47| 1% 7618.90 0.04%
Cyprus 0.25 0.27| 7% 0.41 0.44| 9% 2251.09 0.03%
Czech
Republic 16.12 17.13| 6% 6.31 6.79| 8% | 17289.93 0.13%
Germany 256.85 268.90| 5% 239.74 273.01|14% | 144134.20 0.34%
Denmark 18.54 19.25| 4% 8.76 10.31|18%| 12159.77 0.22%
Estonia 0.42 0.44| 4% 0.37 0.40| 8% 1995.51 0.04%
Spain 140.53 140.89 | 0% 21.05 23.84|13%| 86114.04 0.19%
Finland 16.26 16.34| 0% 6.32 6.96 | 10% | 11277.71 0.20%
France 280.98 290.22| 3% 57.41 67.58|18% | 122270.41 0.28%

1% Sometimes there was no data for the year 2000 (specific class of cars were not existing/sold)
then the oldest available data was used.
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Diesel Petrol

Hypo- Hypo- Emissions | share of

Actual thetical Actual thetical from road | emissions

Member | Emissions | Emissions Emissions | Emissions transport | from new

State [Gg] [Gg] A [Gg] [Gg] A [Ggl cars

Greece 4.72 4.84| 3% 14.58 16.76 | 15% | 20964.32 0.09%
Hungary 4.74 488 3% 3.05 3.33| 9% | 11992.22 0.07%
Ireland 8.88 9.64| 8% 3.03 3.30| 9% | 11859.79 0.10%
Italy 112.99 116.46| 3% 41.20 46.44 | 13% | 109905.73 0.14%
Lithuania 0.52 0.53| 2% 0.13 0.14|11%| 3965.41 0.02%
Luxembourg 9.61 10.14| 6% 1.06 1.23|16% 5822.93 0.18%
Latvia 0.41 0.43| 6% 0.24 0.25| 7%| 2848.76 0.02%
Malta 0.07 0.07| 4% 0.08 0.09| 9% 496.27 0.03%
Netherlands 35.69 37.54| 5% 35.98 42.68 | 19% | 33343.93 0.21%
Poland 12.78 12.53 | -2% 7.30 7.85| 8% | 43879.90 0.05%
Portugal 22.86 24.64| 8% 4.70 5.2913%| 18262.65 0.15%
Romania 5.54 5.67| 2% 4.15 4.22| 2%| 14389.72 0.07%
Sweden 47.99 60.29 | 26% 13.08 14.35|10% | 18752.39 0.33%
Slovenia 5.02 499 -1% 2.41 2.56| 6%| 5204.23 0.14%
UK 183.15 196.07 | 7% 134.33 154.96 | 15% | 110811.97 0.29%

Figure 4.7 below presents the trend of the actual and hypothetical CO, emissions from
new cars [Gg] for Germany (petrol and diesel). The increasing emissions from new
petrol cars are due to the increase in sales. The CO, emissions decreased but the ob-
served effect is very small.

Figure 4.7 CO, emissions [Gg] from new cars in Germany

CO2 emissions from Petrol new cars in Germany
blue-actual; red-hypothetical CO2 emissions
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As described the CO, emission factors for EU new cars are decreasing as a result of
the environmental policies which were introduced. However, this effect is very small
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compared to the overall emissions from road transport up till now, as the new cars con-
stitute only a small fraction of the total passenger car fleet. (CO, emissions from new
cars had a share <0.35% in total emissions from road transport, Table 4.2). The impact
of the regulation will increase as new cars (with lower emissions) will replace the cur-
rent fleet.

Cost effectiveness of CO, regulation

A cost assessment of the CO, regulations should be made mainly on the basis of the
additional manufacturing costs due to the application of more efficient vehicle tech-
nologies and the associated fuel cost savings. Those manufacturing costs could
(partly) be translated into higher purchase prices (and some-times higher maintenance
costs). This together with the reduced running (fuel)costs, will influence the consumer
behaviour.

There is no database available which can provide the specific costs and savings need-
ed for an in-depth analysis. Information on sales prices could become available, how-
ever, due to strategic pricing strategies, the actual sales price of vehicles will not al-
ways reflect the costs for technological development. Because the costs cannot be
made transparent in an ex-post analysis, it is proposed to use ex-ante costs to calcu-
late the cost effectiveness, which are available from ex-ante studies. We note that that
this will be a conservative estimate and the overall cost based on the ex-post cost
curves would most likely be lower, due to technical developments.

Detailed data on vehicle prices is not available in the public domain. However, there is
some information available. For example the AEA report (2011)'® presents the aver-
age vehicle list price (indexed for inflatio