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Executive Summary

1.1 Purpose and scope of the study

This report sets out the positive and negative impacts of improvements in energy
efficiency in buildings that could come about through a recast of the Energy Performance
Buildings Directive (EPBD).

Successive studies have shown that energy efficiency offers many of the most cost-
effective options for meeting global emission targets. In many cases, energy efficiency
measures have been shown to be ‘negative cost’, meaning that it would be economically
advantageous to implement them. In this analysis a wide range of potential effects is
considered, covering the three pillars of economic, societal and environmental impacts.

In this report four different scenarios are assessed, based upon the policy options set
out in the Impact Assessment. These can be summarised as:

= Option 0: No-change option (reference case)

= Option I: Enhanced implementation and soft law, including clarification and
simplification of the current Directive (S1)

= Option II: Enhanced implementation, including targeted amendments for
strengthening of current provisions (S2)

= Option III: Enhanced implementation and increased harmonization, while
introducing substantial changes (S3)

All other factors are assumed to remain constant across the scenarios, so that the model
results are able to isolate the effects of these specific policy changes.

1.2 Economic impacts

Macro economy

The macroeconomic impacts are positive overall at EU level, both for GDP and
employment. The main reason for the positive results is a reduction in fossil fuel imports,
which also improves energy security. Reduced spending on imported fuels is replaced
with higher spending on goods that are more likely to be produced domestically. There
is also a shift towards more labour-intensive sectors.

The national results largely reflect shares of energy-efficiency investment (relative to
GDP). Countries with large investment goods sectors are also expected to see larger
increases in both output (GDP) and employment. In terms of GDP, countries that
produce energy domestically and/or export energy suffer from reductions in energy
demand, while countries that are energy intensive and/or import energy benefit from
reductions in energy demand. Countries with economies that are focused more towards
consumer goods and services are likely to see smaller increases in employment than
those that produce capital equipment.

The results show a reduction in output and employment in the utilities and extraction
sectors due to the energy saving measures. However, small rebound effects and
reductions in imports limit the overall impacts on Europe’s domestic extraction sectors.
The construction and engineering sectors benefit from the investment in energy
efficiency and higher demand from consumers in the long run. As a result, these sectors
are expected to see an increase in output in the energy efficiency scenarios, compared
to the reference case. Because these positive economic impacts are driven largely by
higher levels of investment, the impact is greatest in scenario S3 where the energy
efficiency investment is the largest.
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Public budgets

The impact on public budgets is calculated in current prices and so many reductions
reflect falling prices (a lack of inflation) due to reductions in expenditure on expensive
energy products in the scenarios. Income from energy excise duty, VAT and auctioned
ETS allowances falls, although revenues from corporation tax increase as firms make
profits from cutting energy costs. Expenditure impacts include reduced spending on
energy and changes to social transfers.

The overall budget change at EU level is positive for all policy scenarios, ranging from
€4,443m in S1 to €28,104m in S3 in monetary terms. However, as many changes in
public balances reflect price reductions, it is better to look at budget impacts as % of
GDP. This shows an estimated budget improvement of 0.02% of GDP in S1, ranging to
0.11% of GDP in S3 at EU level.

Industrial competitiveness

The quantification of energy efficiency impacts on competitiveness is difficult to assess
due to confidentiality issues. However, the focus of this report is on improving energy
efficiency in buildings so it is mainly households and services that are affected directly,
rather than industrial users of energy.

Even so, there may be some indirect effects. The key sectors that are likely to be
affected by an increase in energy efficiency are insulation, flat glass and construction
sector SMEs. The size of each sector will depend on the demand for their products,
which is in turn dependent on the policies implemented. In estimating the future size of
the sectors, the key assumptions are those made on the renovation market growth rate
for each scenario.

Under the most optimistic assumption in S3, where the renovation market doubles by
2030 (to €167-250bn), the insulation industry market also doubles (to €15bn) and the
flat glass industry market increases by 40% (to €15.1bn) The main opportunities for
SMEs lie in the construction industry, for example in installing insulation and undertaking
other building renovations.

The value of buildings

It is also difficult to assess the impact of energy efficiency on the value of buildings,
because both sale and rental prices are influenced by a multitude of endogenous and
exogenous factors (in particular the influence of the location in the value of real estate),
as well as market conditions and general supply-demand balance.

There is, however, evidence that suggests that better energy performing buildings show
shorter vacancy periods, have a lower loss of rental income due to changing tenants
and, as such, show a more positive operating impact for the owner. In the commercial
sector, buildings that fail to keep up with technological advances, including widespread
advances in energy efficiency, risk becoming obsolete, especially in unfavourable
market conditions (such as periods of low or negative economic growth). The analysis,
based on the findings of a literature review, shows that better performing buildings can
attract an increased sale value of between +5.2% and +35% in the commercial sector
and between no change and +14% in the residential sector. The corresponding
increases in rental values are +2.5% to +11.8% and +1.4% to +5.2% for commercial
and residential properties respectively.

1.3 Social impacts

Health

The potential of energy efficiency measures to generate health-related cost savings is
considerable. The extent of cost savings related to healthcare costs, morbidity and
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mortality are affected by the level of investment: greater savings are derived from
greater levels of investment. The benefits also accumulate over time. The cost savings
related to healthcare costs, mortality and morbidity range from €24m pa in S1 to
€925.9m pa in S3 over 2020-2030.

The absolute values of productivity gains are not as significant as the other health-
related cost savings, but are nevertheless considerable at the EU28 level. The estimated
productivity gains for the EU28 range from €53.4m to €88.9m pa (S3) in 2020-2030.

Energy poverty

In the absence of a shared and agreed definition (and common data source) across the
EU, the occurrence / prevalence of energy poverty is measured using three separate
proxy indicators for energy poverty in residential buildings from the EU-SILC database.
These are

= arrears on utility bills (AUB)
= presence of leaks, damp, rot (LDR)
= ability to keep home adequately warm (AKW)

Since energy poverty occurs mainly within old, non-refurbished buildings, only policy
packages that comprise measures that target existing buildings (and preferably induce
deep renovations) will have a strong impact in terms of energy poverty alleviation. The
actual policy impact on energy poverty will depend on the extent to which energy
poverty alleviation is included as a specific policy target.

The number of households that may be lifted from energy poverty (based on each
indicator above) across the EU lies between 194,000 and 310,000 (LOW impact
scenario/scenario S1) and between 5.17m and 8.26m (HIGH impact scenario/scenario
S3), depending on the energy poverty indicator considered and, crucially, the degree to
which policy is targeted towards fuel-poor households.

1.4 Environmental impacts

Most of the changes in final energy demand are in the buildings sector, which is to be
expected considering the focus of all three scenarios on energy efficiency improvements
in buildings. The changes in energy consumption in other sectors are the result of
indirect impacts (e.g. rebound effects).

Both the reductions in final energy consumption for buildings and for the whole economy
are driven by the level of investment in energy efficiency in the different scenarios. The
impact on final energy consumption by buildings in the EU28 ranges from -0.7% in S1
to -14.8% in S3, while for the whole economy the range is from -0.4% in S1 to -6.9%
in S3. Even when rebound effects and the energy consumption required to produce
energy efficient equipment and materials are taken into consideration, all scenarios
show a reduction in final energy consumption, although the magnitude of this reduction
varies.

Both CO2 and GHG emissions decrease in all scenarios. Again, the magnitude of the
impact is driven by the level of investment and energy savings, with the change in CO2
emissions in the EU28 ranging from -0.5% in S1 to -7.8% in S3. The change in GHG
emissions ranges from -0.4% in S1 to -6.0% in S3.

The demand for materials in the EU28 increases due to higher buildings investment, as
well as rebound effects from higher rates of economic activity. As a result, material
consumption is higher in S3 than in S1 and S2. It is worth noting, however, that most
of the increase in material consumption relates only to the initial investment that is
being made. Once the investment is completed, material consumption will return close
to baseline values.
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Both water consumption and land use for the power sector in the EU28 are expected to
decline in S2 and S3, with the impacts of S1 on both land use and water consumption
being negligible. The impact on both water and land use is greatest in the high
investment scenario (S3), which shows an estimated reduction of 2.8% for water
consumption and 4.5% for land use by the power sector in the EU28.

However, there is quite a wide range of uncertainty around these results, because a
substantial share of the land use depends on local geography and the technologies used.
As such, these results should be treated with caution.

1.5 Conclusions

This report attempts to quantify many of the ‘multiple’ benefits of energy efficiency that
have been identified by the IEA. It covers potential costs as well as benefits but shows
that, for the EU as a whole and for most of its Member States, the benefits largely
outweigh the costs when assessing a programme of energy efficiency in buildings. These
benefits cover all three of the economic, social and environmental spheres.

The results in this report thus support the development of a large-scale programme of
investment in energy efficiency across Europe’s stock of buildings. However, the report
also finds that to realise all the potential benefits of energy efficiency, carefully designed
policy will be required. Most notably, to reduce energy poverty to the maximum extent
possible, policies should be tailored to target fuel-poor households. In summary, the
challenges for policy makers relate to an efficient implementation of an enhanced EPBD
and ensuring proper enforcement.
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Part I. Introduction

2 Introduction to the project

2.1 Overview
This document presents the final report for:

Study for a comprehensive assessment of the macroeconomic and other benefits of
Energy Efficiency, with a particular focus on buildings

The study team was led by Cambridge Econometrics and also included ECN, EY, SQ
Consult and the Wuppertal Institut.

The report presents the full set of results from the study and describes the methodology
that was used in the assessment. The detailed literature review that was carried out for
the study is also provided in the appendices of this report.

2.2 Background to the study: The EPBD and energy efficiency in buildings

The efficient use of energy is recognised as a key pillar of energy policy in the EU.
‘Energy Efficiency First’ is a central element of the Energy Union and energy efficiency
sits alongside GHG reduction ambitions and renewables targets as part of the EU’s
overall climate and energy policy package. The Energy Efficiency Directive (2012/27/EU
and 2013/12/EU?, hereafter EED) and the recent 2030 framework for climate and energy
policies have provided targets for reducing energy consumption for the years 2020 and
2030.

There are several directives that aim to assist the EU with meeting these targets. The
most prominent of these are the EED and the Energy Performance of Buildings Directive
(2010/31/EU, hereafter EPBD). The EED has defined a set of binding and non-binding
measures to help achieving the 2020 energy efficiency target and the EPBD sets targets
and energy performance requirements for the building sector. Buildings account for 40%
of energy consumption in the EU and have been identified as one of the areas where
substantial energy savings can be made in a cost-effective manner, especially as the
age and quality of the buildings stock varies substantially across Europe.

The EPBD was introduced in its current form in the EU in 2010, as an update to a 2002
Directive which introduced rules on energy performance of buildings in the EU, to try to
deliver improved energy efficiency in buildings. Its key implementing measures include
the introduction of energy performance certificates, the requirement that all new
buildings must be near zero energy by 2020 (public buildings by the end of 2018),
energy performance requirements for new buildings and major renovation of buildings,
and inspection schemes for heating and air conditioning systems. This important piece
of legislation at EU level was supplemented by parts of the EED, which also recognised
buildings as a key area of potential energy savings. The EED requires that Member
States define national building renovation strategies as part of their National Energy
Efficiency Action Plans (NEEAPs), and to renovate at least 3% of the total floor area of
buildings owned and occupied by central government each year.

There have been several assessments of the EPBD led by the European Commission,
including the work most recent report from Concerted Action EPBD III and a recent
Ecofys? report. Many of these assessments have highlighted that there remain a number
of gaps in the coverage of the EPBD, suggesting that a further recast of the Directive

1 Available at: http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=0J:L:2012:315:TOC; http://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=celex:32013L0012
2 Ecofys (2015), Public Consultation on the Evaluation of the EPBD.
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may be required, in order that energy efficiency policy meets the strict targets that have
been set. The European Commission has taken measures to monitor how Member States
implement the current EPBD, up to and including sending reasoned opinions to a number
of Member States, and indeed taking one Member State to court, suggesting that the
current legislation is not without issues.

Other relevant legislation at European level includes the Ecodesign and Energy Labelling
framework directives (2009/125/EC and 2010/30/EU). These cover a range of
appliances used by households and commercial organisations, setting standards in each
case. These directives have therefore also had an impact on energy consumption
(particularly of electricity) in buildings across the EU.

2.3 The ‘multiple benefits’ of energy efficiency

Successive studies have shown that energy efficiency offers many of the most cost-
effective options for meeting global emission targets. In many cases, energy efficiency
measures have been shown to be ‘negative cost’, meaning that it would be economically
advantageous to implement them.

The IEA’s authoritative report ‘Capturing the multiple benefits of energy efficiency’ (1IEA,
2014) shows that the potential benefits from improved energy efficiency are not only
socio-economic but could help to address a range of political, social, economic and
environmental issues. In this study we have divided these benefits into seven impact
areas:

= economy and labour market
= health and well-being

= environmental impact

= social aspects

= public budgets

= industrial competitiveness

= the value of buildings

It is important to note that, although this report is structured around these seven impact
categories there is considerable cross-over and interaction between many of them.

3 Introduction to this report

The analysis in this report estimates the positive and negative impacts of improvements
in energy efficiency in buildings that could come about through a recast of the EPBD.
The specific policy scenarios are described in Part II and the approach that we used to
assess each of the seven impact areas is described in Part III. Part IV presents the
detailed results from the analysis and the key policy messages are outlined in Part V.

The appendices include further information about the E3ME macroeconomic model that
was core to the analysis, along with the literature review that was carried out early in
the study to inform our methodology.
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Part II. Scenarios

1 Introduction

In this report four different scenarios are assessed. These include a reference case and
three policy scenarios. The reference case is described as the ‘no-change’ option and is
discussed further in the next section. The following two sections then introduce and
describe the wide range of policy ‘measures’ that were considered and the three policy
‘options’ that included a selection of the different measures. These three policy options
form the scenarios that are assessed later in this report.

The scenario descriptions provided in this chapter are taken from European Commission
documentation, amended where necessary for consistency with the modelling that was
carried out.

2 No-change option

The no-change option means no additional measures beyond the existing ones, including
continued implementation of the current EPBD and related regulatory and non-
regulatory instruments. This approach could be supported by measures that could
maximise the impact of the EPBD by encouraging its full transposition.

The European Commission monitors how Member States implement the current EPBD.
This monitoring has had a positive impact on the adoption of national legislation and
now most Member States declare complete transposition. The Commission is also
undertaking a number of additional activities to support the correct transposition of the
EPBD, for example by funding projects on information exchange and research on best
practices, and the development of standards.

A study on EPBD compliance? has helped to raise attention within Member States of the
missed opportunities linked to the lack of compliance. It is noted that sharing of good
practice, stimulated by exchange platforms such as the concerted action, could help in
reducing the compliance gap. It is assumed that, under the no-change option, this work
would continue.

The Commission will also keep implementing the Directive, in particular with respect to
the implementation of the common EU voluntary certification scheme (Article 11(9) of
the EPBD) in order to provide relevant information for market participants in the non-
residential sector with a reliable comparison tool of buildings’ energy use across borders.

Other EU initiatives in relation to buildings (following e.g. the communication on
sustainable buildings or the construction sector) are unchanged in both the no-change
reference case and the policy scenarios. Related legislation, including the EED and
Ecodesign Directive, are expected to continue in their current form.

3 The policy measures

A wide range of policy alternatives was considered in the scenarios. The most relevant
ones are described briefly below and are discussed in more detail in the final Impact
Assessment (from which these descriptions are taken). Both regulatory and non-
regulatory measures are considered, and action at different spatial levels is also
considered: EU, national, regional and local.

The following measures build upon or amend the current EPBD and are linked explicitly
to a series of drivers for policy development in the Impact Assessment.

3 European Commission (2015), Energy Performance of Buildings Directive (EPBD) Compliance Study,
available at https://ec.europa.eu/energy/sites/ener/files/documents/MJ-04-15-968-EN-N.pdf
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Simplification measures

To remove outdated or inefficient provisions identified during the implementation of the
current Directive, two simplification measures are identified on the basis of the
evaluation report and the EPBD Concerted Action:

Remove the mandatory study of the feasibility of high-efficiency alternative systems

The Directive would be amended to remove the need to document and verify the
assessment of alternative heating and cooling systems preceding the construction of
new buildings.

This measure will address the concern of Member States who identified this provision
as creating an unnecessary burden.

Simplify the provision on regular inspections and ensure that the objective of the
inspections is achieved more effectively

The Directive would be amended to simplify and modernise the provisions on inspections
of heating and air-conditioning systems. For complex buildings (e.g. non-residential
buildings), the commissioning of these systems (current practice) and the proposed
support to building automation systems would ensure good performance levels and
signal the need for maintenance intervention. For less complex buildings (e.g. single
family houses) safety inspections (e.g. gas, electricity, boilers, etc.) could be used to
provide information on the efficiency of existing technical systems and perform effective
maintenance works (as suggested in the Heating and Cooling Strategy). This measure
would address the fact that inspections of the energy efficiency of heating and cooling
systems tend to be burdensome, difficult to implement, and partially duplicating EPC’s
recommendations. More effective approaches to regular inspections could be used
instead and would ensure that building performance in operation is maintained and/or
improved.

Measure 1: Accelerate the decarbonisation of buildings by significantly
increasing renovation rates

This measure addresses underlying drivers to the problem of low renovation rates (split
incentives, long lifetime of buildings); and identified gaps in the existing Directive (a
stronger market signal for the renovation of existing buildings is missing). It includes
two sub-measures:

= 1A. Set milestones for the decarbonisation of the building stock by 2050
= 1B. Oblige the renovation of buildings to reach a given standard before transactions

Measure 2: Fine tune the implementation of minimum energy performance
requirements

This measure addresses findings from the evaluation on remaining barriers not
sufficiently addressed through the implementation of the existing Directive, as well as
the underlying drivers (slow uptake of new minimum requirements in a sector as
conservative as the buildings sector, national implementation problems).

It considers two alternative sub-measures:

= 2A. Improve transparency of calculation methodologies and provide further
clarification on the cost-optimal setting of minimum performance requirements

= 2B. Change the framework for cost-optimal calculations by including additional co-
benefits and going beyond cost-optimality when setting minimum requirements
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Measure 3: Modernisation using smart technologies and simplification of
outdated provisions for the benefit of citizens

This measure tackles the streamlining and modernisation of outdated provisions,
simplifying them and adapting them to technical developments. It therefore tackles the
inefficiency of certain components of the EPBD as well as the need to modernise the
Directive to facilitate the integration of the EU building stock into the smart energy
system of the future (and underlying drivers preventing the integration of smarter
technologies in buildings and support to electro-mobility). It includes three
complementary sub-measures:

= 3A. Document the initial performance of technical building systems and maintain
their operational performance over time

= 3B. Framework for the introduction of a smart-readiness indicator

= 3C. Support to electro-mobility

Measure 4: Enhance financial support and information to users through
reinforced energy performance certificates

This measure tackles some of the drivers behind slow renovation rates by reinforcing
EPCs and improving the efficiency of financing schemes; it also tackles drivers behind
weak enforcement at national level, facilitating compliance checking. It considers two
sub-measures:

= 4A. Reinforced quality of energy performance certificates to enhance financial
support
= 4B. Harmonised template for certificates

4 The three policy options

4.1 Overview

The policy measures described above are packaged into three broader sets of policy
options, which form the basis for the analysis in this report. Table 2.1 summarises the
options and they are described in more detail below. Further information is available in
the Impact Assessment. The next section discusses how these options were assessed in
the modelling.

August 2016 12



Table I1.1 The three policy options

Measures

Simplification
measures

Measure 1:
Accelerate the
decarbonisation
of buildings by
significantly
increasing
renovation rates

Measure 2: Fine
tune the
implementation
of minimum
energy
performance
requirements

Measure c}
Modernisation
using smart
technologies and
simplification of
outdated
provisions

for
the benefit of
citizens

Measure 4:
Enhance
financial support
and information
to users through
reinforced
energy
performance
certificates

Source(s): European Commission

Option 0: No-
change option

Option I:
Enhanced
implementation
and soft law,
including
clarification
and
simplification
of the current
Directive

2A

Option II:
Enhanced
implementation
, including
targeted
amendments
for
strengthening
of current
provisions

S1
S2
1A

2A

3A%
3B
3C**

4A

Option III:
Enhanced
implementation
and increased
harmonization,
while
introducing
substantial
changes

1A
1B

2A
2B

3A
3B
3C

4A
4B

* This measure includes a simplification component addressing outdated provisions in

Articles 6, 7, 14, 15 and 16 of the current Directive

** These two measures modernise current provisions in light of technical development
and the need to support smart technologies and electro-mobility
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Option I: Enhanced implementation and soft law, including clarification and
simplification of the current Directive

This option considers the set of proposals that enhance the implementation of the
existing regulatory framework without amending the EPBD. It builds on the work being
done at EU, national and regional levels to actively implement the Directive. Compared
with the no-change option, it goes one step further in proposing soft law and guidance
that could improve the implementation and enforcement of the legislation and the use
of voluntary measures which have not yet been explored by Member States.

This option proposes a way to intensify implementation of the current legislation
through:

= Guidance for clarifying the calculation of the energy performance of buildings and
the calculations and implementation of the cost-optimal levels of minimum
requirements (Measure 2A).

These form scenario S1.

Option II: Enhanced implementation, including targeted amendments for
strengthening current provisions

This option includes the set of proposals presented above that go beyond the proposal
of Option I and require targeted amendments of the current EPBD to address the
problem drivers more extensively:

= Set milestones for the decarbonisation of the building stock by 2050 (Measure 1A).

= Clarify provisions on calculation methodologies and on implementation of cost-
optimal levels of minimum performance requirements (Measure 2A).

= Document the initial performance of technical building systems and maintain their
operational performance over time (Measure 3A).

= Framework for the introduction of a smartness indicator (Measure 3B).

= Support to electro-mobility (Measure 3C).

= Reinforced quality of energy performance certificates quality to enhance the financial
support (Measure 4A).

Option II also addresses drivers associated with regulatory failures by:

= Improving the effectiveness of EPCs with measures that strengthen, modernise and
further integrate the EPC schemes within a framework that aids compliance checking
and effectiveness of financial support (Measure 4A).

= Simplifying the EPBD with measures that modernise the provisions related to regular
inspections with ICT and repeal of the provisions related to mandatory documented
feasibility studies for efficient systems (Measure 3A).

These form scenario S2.

Option III: Enhanced implementation and increased harmonisation, while
introducing substantial changes in the legal text

This policy option includes the most ambitious measures explored, some of which go
beyond the current intervention logic of EPBD.
Option III further addresses drivers associated to market failures by:

= Having a more direct market action to boost the activity and investments. In
requiring buildings to reach a given standard before they are sold or rented, the
intervention goes beyond the logic of setting minimum energy performance
standards in building codes (Measure 1B).

Option III also further addresses drivers associated with regulatory failures by
harmonising aspects so far left to subsidiarity:
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= Additional sustainability co-benefits in the cost-optimal calculation framework
(Measure 2B).

= New targeted ambition for new buildings in 2030, beyond cost-optimality and

including the mandatory setting for minimum requirements for the indoor
environment (Measure 2B).

= Further harmonisation of the EPCs (Measure 4B).

These form scenario S3.
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Part III. Methodological Approach

1 Introduction

This chapter describes the approach that was used to estimate quantitatively the
impacts of each policy option, covering each of the seven impact areas. Before getting
to the impact areas, however, the next section describes how the levels of energy
savings were estimated at Member State level.

The E3ME macroeconomic model plays a central role in the analysis and is described in
Appendix A. However, the model itself is not capable of producing all the key indicators
across the seven impact areas, and so supplementary analysis is required using a range
of alternative approaches. Section 4 onwards in this chapter describes the approaches
that were applied during the study.

Figure III.1 summarises the main steps in the analytical process

Figure III.1 Summary of main steps in the analysis

Results from recent Ecofys National results from
study previous Ecofys work

4

Estimates of energy
savings and investment

costs
Analysis with the E3ME Results for:
.| * economy and labour market
model esme * environmental impacts
*  public budgets

l

Supplementary analysis

Results for:

* social impacts
— | * health impacts
* competitiveness
*  buildings values

2 Estimating the energy savings in the scenarios

2.1 Results from previous DG ENER work

The results from a separate study carried out by Ecofys* on behalf of DG ENER have
provided key inputs to the analysis presented in this report. The key inputs required are
estimates of the potential energy savings under different scenarios and the investment
costs that would be needed to bring about these savings.

4 Boermans, T, Grozinger, ], von Manteuffel, B, Surmeli-Anac, N, John, A (Ecofys) Leutgtb, K and Bachner,
D (e7) (2015) ‘Assessment of cost optimal calculations in the context of the EPBD’ (ENER/C3/2013-414) Final
report. 19 November 2015, Project number: BUIDE13705.
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The following inputs were received on 15th April 2016:

= EU28 final energy demand for heating (+breakdown by fuels), hot water, cooling,
auxiliary and lighting, 2013-2030 in TWh pa

= Investment costs (three types: Building envelope, HVAC-Systems, financing costs),
2013-2030 in €bn

It should be noted that the E3ME model calculates its own energy costs and CO:
emissions from the energy inputs so for the present study only figures for energy
demand were used. The figures for energy demand are converted to energy savings by
taking the difference from the reference case.

Further processing

For each of the three policy scenarios, further processing was required. The first step
was to allocate the energy savings to sectors, on the following basis, using floor area
information from the Ecofys results (the acronyms refer to the categories in the Ecofys
modelling):

= residential (SFH, SMFH, LMFH)
= commercial (OFB, TRB, EDB, TOB, HEB)
= industrial (ONB)

The second step was to allocate the energy savings to the main energy carriers in the
E3ME model (coal, oil, gas, electricity, heat), again building on the information provided
from the Ecofys study. Then in Step 3 the energy savings at European level must be
allocated to each Member State; this uses analysis carried out by ECN (see below).

Finally, some minor conversions were carried out to ensure overall consistency:

= convert terawatt-hours (TWh) to thousand tonnes of oil equivalent (toe)

= convert investment costs to a constant price base and allocate to Member States in
line with share of energy savings

= correct for small negative numbers in the investment figures at the start of the
projection period, replacing with zeros

The final result of this process is a set of input data that are appropriate for use in the
E3ME model.

The additional analysis carried out by ECN: allocating energy savings to
Member States

Although the total energy savings in the EU are determined by the approach outlined
above, a supplementary analysis was required to allocate the energy savings to Member
States. This is described here.

Estimates of energy efficiency improvements at national level are based on another
previous report produced by Ecofys (Boermans et al, 2015). This report studied the gap
between the currently implemented energy performance standards and performance
standards based on the most cost-effective approach. It is assumed that a policy shift
of strengthened enforcement of the EPBD via monitoring and quality control would lead
to the adoption of the more cost-effective standards. A more stringent application of the
cost-effective standards can lead to greater energy savings where adopted. The size of
the savings depends on the size of the initial gap between actual and potential energy
consumption, the degree that the gap in standards is closed, and the time taken to close
the gap.

Energy savings are calculated using the gaps in standards produced in Boermans et al
(2015). The gap values have been converted to figures for the relative reduction in
energy consumption. Energy consumption levels are set at those used in the study
carried out by the Fraunhofer Group (Braungardt et al, 2014), henceforth shortened to
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FhG, which formed the basis of determining EU energy-saving targets. The calculations
are expressed as savings in millions of tons of oil equivalent (mtoe).

Calculations begin using the values for the FhG consumption levels and disaggregate
new and existing buildings. Total energy consumption will be lower in new dwellings and
buildings under the cost-effective energy performance standards. The energy savings
are therefore equal to the FhG energy consumption levels multiplied by the relative
reduction in energy consumption.

For existing buildings and dwellings, the savings are further dependent on the number
of buildings that can be renovated in the following years. For the purpose of the
calculation, it is assumed that 3% of the total building stock is renovated each year,
implying 15% of the stock being renovated in 2020 and 45% of the stock being
renovated by 2030. This assumption is based on the one hand on the accepted yearly
percentage mentioned under EED article 5, and on the other hand the goals for 2050,
which imply an almost completely (95%) renovated stock by 2050. Energy savings are
calculated as FhG energy consumption multiplied by the renovated stock fraction
multiplied by the relative reduction in energy consumption due to improved energy
standards. In the case of office buildings, the savings are equal to that for existing
tertiary buildings. The values for both new and existing dwellings and buildings are
compiled into a composite savings figure.

This calculation provides estimates of energy savings in each Member State. The total
is then scaled to be consistent with the figures for the EU as a whole that were estimated
by Ecofys.

3 Economy and labour market

3.1 Overview of the links in EBME

The energy savings and associated investment costs were entered into the E3ME
macroeconomic model, which in turn estimated the impacts on the economy and labour
market. The results from the E3ME model were also used to estimate the effects in some
of the other impact areas, as described in the following sections.

Further information about E3ME is provided in Appendix A, including a flow chart of the
main interactions within the model and how energy efficiency is modelled. Essentially,
however, the key relationships are:

= An increase in investment will boost rates of economic activity and create jobs...

= ... but this will displace spending from other parts of the economy, which at least
partly counters the effect.

= A reduction in imported energy may be replaced with additional spending on goods
and services that are produced domestically.

The model provides a framework for these relationships to be interpreted in the context
of the national accounting system, allowing quantification of the impacts. As E3ME
includes equation sets for labour demand, supply and wage rates, labour market impacts
are included as standard in the model results.

3.2 Energy security

There are many different factors in energy security, including exposure to changes in
costs and restrictions to supplies either from international sources or domestic
providers. In general, an improvement in energy efficiency could be expected to lead
the economy to being less exposed to shocks in energy supply, therefore improving
security. However, the actual situation may be more complicated than that and national
circumstances must be taken into account.
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This study focuses on the share of energy imports in GDP as a key indicator of energy
security. Although this is not a standard output from the E3ME model, it may be inferred
easily from the model results. A reduction in energy imports for one country means that
it is less exposed to changes in international commodity prices or geopolitical
movements.

4 Health and well-being

4.1 Key issues and scope of work

Properly designed actions for improving building energy performance can have major
co-benefits for public health, although there are risks involved with the possibility of
poorly designed interventions leading to unintended consequences, such as health
problems related to ventilation reduction. Most energy efficiency measures will improve
indoor temperatures and, by choosing renovation measures that also improve indoor air
quality, health benefits can be obtained through fewer incidences of disease, reduced
mortality, improved worker productivity and improved overall quality of life. While most
of these benefits accrue to society in general, public budgets may also be improved
through reduced healthcare expenses, fewer sick days and increased tax revenues
resulting from increased economic production. This is discussed further in Section III.7.

Europeans spend on average over 90% of their time indoors®> - at home, in the office,
in school, in kindergarten, etc. Concentrations of indoor pollutants are therefore an
important factor in air pollution exposure and associated health effects.

To measure and quantify the major positive and negative impacts of improved energy
performance of buildings, this study focuses on the following issues that particularly
affect public health:

= temperatures and ability to keep homes adequately warm, that are directly related
to energy efficiency improvements in buildings

= air tightness levels that are generally increased through energy efficiency
improvements, and adequate ventilation which needs to be considered cautiously
when setting energy efficiency requirements

= indoor air quality, resulting from the concentration of major indoor air pollutants
(VOC pollutants such as benzene, radon, carbon monoxide, NOx): indoor air quality
strongly depends on energy efficiency, even if the links can be either positive or
negative, depending on the ventilation level resulting from the efficiency
improvements

= mould and dampness, generally resulting from the temperature level and the
ventilation level of the building

= indoor lighting, which is in most cases improved thanks to energy efficiency
improvements, and has major impacts on occupants’ health and well-being

4.2 Literature review and data sources

The results in this study are based on the available literature on the health benefits of
energy efficiency and the impacts in terms of physical indicators (e.g. indoor
temperature, indoor air quality). Using an approach based on coefficients, these are
translated into economic terms (e.g. health costs associated with illnesses). The review
of the literature from which the information has been gathered is presented in Appendix
B.

5 See references here: http://europa.eu/rapid/press-release_IP-03-1278_en.htm
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4.3 Detailed approach

Calculation of healthcare cost savings and mortality and morbidity cost
savings

For each scenario, given the energy savings calculated at Member State level, we
estimate the total square metres of buildings renovated in each country. The calculation
is based on the difference between the mean energy consumption level at EU level of
250 kWh/m?-yr, and the theoretical energy consumption level of renovated buildings (0
kWh/m2-yr). Using the total area of residential and non-residential buildings renovated
each year, we estimate the cost savings by multiplying the total square metres
renovated by the ratios drawn from the literature review.

As described in Appendix B, previous studies have shown that total morbidity & mortality
costs and healthcare costs can be estimated at €139bn for the EU28, for a total of 25bn
m?2 of buildings. The mean cost saving per renovated building can be estimated at
€5.60/m?, and we assume that the costs are divided by two in renovated buildings (a
cost saving of €2.80 per renovated m?), given that the main health risks are reduced
by more than half in the most representative illness cases related to cold, damp and low
ventilation®.

Calculation of productivity gains related to better indoor air quality

Using the total area of non-residential buildings renovated each year, we estimate the
productivity gains by multiplying the total square meters renovated by the ratios drawn
from the literature review (cost savings between €0.60 and €1.00 per m? renovated).
This leads to a minimum and a maximum value for the productivity gains.

5 Environmental impacts

5.1 Background

Energy efficiency improvements can positively affect the environment in several quite
different respects. Focusing our attention on the EU’s Sustainable Development
Indicators (SDIs), the following three areas are addressed:

= Energy and climate change - Measures to improve energy efficiency naturally lead
to reductions in energy demand and thus consumption of fossil fuels. Reduced
consumption of fossil fuels implies reduced emissions of greenhouse gasses.

= Sustainable, consumption and production (SCP) - This category comprises items
such as the emission of local air pollutants and material consumption. Energy
efficiency could potentially reduce the level of emissions of sulphur, particulates and
other pollutants that are damaging to human health’. Energy Efficiency measures
may also imply changes in Domestic Material Consumption (DMC) when measures
such as building retrofitting are undertaken.

= Natural resources - Improved energy efficiency leading to reduced energy demand
could lead to reductions in water demand and land use by the power generation
sector.

6 See the detailed literature review in Appendix B (Fraunhofer, 2014, Towards an Identification of European
indoor environments' impact on health and performance; UCL institute of Health Equity, 2011, The health
impacts of cold homes and fuel poverty).

7 Although these are not assessed in detail here because this would entail double counting with the health
impact area.
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5.2 Output indicators for energy consumption and emissions

The assessment of energy efficiency measures on the themes discussed above is carried
out using the E3ME model. In terms of energy and climate, the main quantitative output
indicators that E3ME can provide are listed below:

= final energy consumption (total and by the buildings sector)
= primary consumption of fossil fuels
= CO:2 and greenhouse gas emissions

The direct changes are largely given by the energy savings that are estimated, but the
results from the modelling exercise also include rebound effects. For this the energy
demand equations in the model are important, in particular the relationship between
levels of economic activity and energy consumption - in E3ME it is not assumed that
this relationship is one-to-one, i.e. there may be economies of scale in production, which
is determined by the econometric equation sets. The model also accounts for the energy
consumption required to produce energy-efficient equipment and materials.

Total final energy consumption is disaggregated by carrier using a further set of
econometric equations. This allows for fuel switching, although limited fuel switching is
expected in the energy efficiency scenarios. Results for CO2 and other emissions are
derived using fixed coefficients that are calibrated using the last year of available data.
The main data source in the model is the EDGAR database?.

The power generation submodel

One important aspect of the modelling is the choice of power mix used to generate
electricity. If energy efficiency reduces electricity demand then the choice of plant that
is closed (or not built in the first place) is important for determining both environmental
results (e.g. CO2 emissions) but also some of the economic results (e.g. through
international trade in fuels). The FTT power generation sub-model in EBME (Mercure,
2012) uses a behavioural approach to make these estimates; the choice of technology
used depends partly on costs but also on how well the technology is already established
(following previous literature on technology diffusion). Thus, reductions in generation
capacity could lead to lower gas or coal consumption, but could also lead to reduced
renewables deployment.

5.3 Material consumption

The E3ME model includes estimates of the consumption of raw materials (biomass and
non-energy minerals). The structure of the materials sub-model is very similar to that
of the energy modelling; there is a set of demand equations with feedbacks to the
primary producers (for materials these are agriculture, forestry and non-energy
mining).

In the materials demand equations, the dependent model variable is DMI (Direct
Material Input) although this is translated to DMC for presentation of results. DMC is the
indicator used in the EU’s Resource Efficiency Roadmap.

Demand for materials is determined by rates of economic production, price and
technology. Higher rates of production will increase demand (although not necessarily
linearly, economies of scale are possible), prices will reduce demand and technology will
reduce demand. Demand for seven materials types is estimated for around 20 different
sectors.

5.4 Land and water requirements

Land and water requirements are the only indicators in this section that are not
estimated using the E3BME model. A supplementary calculation is performed here for the

8 http://edgar.jrc.ec.europa.eu/
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power sector (impacts on other sectors should be very limited). However, it should be
noted there is quite a wide range of uncertainty around these results because a
substantial share of the demands depends on local geography and the technologies
used. As such, land use coefficients in particular should be treated carefully as they
represent a single example or broad average of a certain type of energy user’s land
requirements.

6 Social aspects

Table III.1 gives an overview on the types of direct social impacts that could be assessed
(taken from the literature review in Appendix B). In this study we focus on energy
poverty. However, we also cover some of the indirect impacts from enhanced energy
efficiency, using the results from the E3ME model. Unemployment and income
distribution are covered in this way.

Table III.1 Overview of direct social impact assessment approaches

IS ETS

Social impact Analytical approach

Energy poverty Quantitative Analysis of different

energy poverty
indicators (EU-SILC
data)

Social inclusion Qualitative

Green gentrification Qualitative

6.1 Energy poverty

The main issue regarding the quantitative assessment of the prevalence of energy
poverty (and the impact of policies in addressing it) is the lack of a common definition
within the EU® and the consequential lack of coordinated data collection efforts (apart
from very basic data within the EU-SILC database). In general, the debate about how
to identify and measure energy poverty centres around two different approaches: an
expenditure-based approach using actual or required fuel spend (e.g. Hills, 2012) or a
consensual approach that utilises subjective indicators (Healy, 2002; Thomson and
Snell, 2013). While there are merits from using either approach, harmonised micro data
on household energy-related expenditure are not available for all EU Member States.
Accordingly, in the present study we rely on the more subjective approach, using
different proxy indicators of energy poverty to create a composite measure.

For this purpose, we use data from the EU-panel on "“Social Income and Living
Conditions” (EU-SILC). The EU-SILC is a longitudinal study that includes indicators on
income, poverty, social exclusion and other living conditions for all EU Member States
on a common methodological basis. It is administered by Eurostat (for more information
see Eurostat, 201519), We employ data from the waves 2004-13 for the analysis in this
study. In total, the database includes 1,919,732 observations. We analyse energy
poverty operationalised by the following indicators in EU-SILC:

= leaking roof, damp walls/floors/foundation, or rot in window frames or floors??

° Of the 28 Member States only three (UK, Ireland and France) have an official definition of fuel poverty or
energy poverty, none of which are the same.

10 http://ec.europa.eu/eurostat/web/income-and-living-conditions/overview

1 The variable HH040 contains answers to the question “Do you have any of the following problems with your
dwelling / accommodation? — a leaking roof — damp walls/floors/foundation — rot in window frames or floor”
in the format yes/no.
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= ability to keep home adequately warm??
= arrears on utility bills3

These indicators are deemed suitable to sufficiently capture the presence of energy
poverty as they reflect different symptoms experienced or characteristics demonstrated
by fuel poor households (EPEE, 2009) and have been used in prior research to assess
the prevalence of energy poverty across the EU (Healy and Clinch, 2002; Thomson and
Snell, 2013).

In order to facilitate interpretation of the results, we have slightly transformed the
variables.

Table III.2 Variable transformations

VELEDLIE EU-SILC code | Study code Transformation

Presence of leaks,
damp, rot

Ability to keep home Rt Recoded to NOT able to

adequately warm keep home adequately
warm

Arrears on utility g5 oral hs021a recoded to ANY arrears on

bills utility bills (3-scale to
yes/no)

For this study, we follow a two-step approach: 1) analysis of descriptive assessment of
the three proxy indicators over time and 2) analysis of potential impacts of an EPBD
recast on energy poverty.

6.2 Historical development of energy poverty levels

As a first step, we analyse the historical development of energy poverty levels measured
over the three indicators by residential building type (i.e. Single Family (SFH) and Multi-
Family Houses (MFH)) and country (see Figure III.2, Figure III.3 and Figure IIL.5).

12 The variable HHO50 contains answers to the question “Can your household afford to keep its home
adequately warm?” in the format yes/no.

13 The variable HS021 contains answers to the question “In the last twelve months, has the household been
in arrears, i.e. has been unable to pay on time due to financial difficulties for utility bills (heating, electricity,
gas, water, etc.) for the main dwelling?” in the format yes, once/yes, twice or more/no.
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Figure III.2 Historical development of arrears on
Member State

utility bills by residential building type and
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Figure III.3 Historical development of presence of leaks, damp, rot by residential building type

and Member State
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Figure III.5 Historical development of ability to keep home adequately warm by residential

building type and Member State
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Figure II1.4 Framework for assessing EPBD effects
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c = by country (EU)
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Analysis of possible EPBD effects

In order to quantify the impact of the different scenarios in terms of energy poverty
alleviation, we start from a trend projection based on historical energy poverty
development by country. This approach accounts for the effect of existing policies
including those targeting poverty and social inequality in general. We expect that with
a positive trend (i.e. decreasing numbers of energy poor households), it gets
increasingly difficult to reach households that have not yet been reached by the same
policy instrument up to a certain point and that the trend thus slows down. For a
negative trend (i.e. increasing numbers of energy poor households) we expect that it
will be increasingly offset by the implementation of targeted policies flanking the EPBD
recast transposition and therefore equally expect it to slow down. We therefore assume
that the historical trend effect diminishes by 50% pa'4. From the resulting projected
number of households living in energy poverty according to the respective indicator, the
policy impact is deducted.

The policy impact is quantified based on the share of energy poor households affected
by additional renovation activity multiplied with an impact factor reflecting uncertainties
with regards to renovation depth, the degree to which the actually implemented policies
target energy-poor households, as well as different levels of energy poverty among
households not reflected by the binary indicators. Finally, the annual impact figures
have been aggregated to reflect the total impact of the different scenarios by 2030.

4 The share of households living in energy poverty for each year has been adjusted based on the results for
the previous year including policy impact and overall trend.
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Assumptions

Table II1.3 Basic assumptions

Package

Al:

EPBD impact on
annual
renovation rate
(% points)

A2:

EPBD impact on
annual
additional
savings in
existing
buildings (%)

A3:

Share of energy-
poor households
affected by
renovations (%
relative to share
of energy
poor/total
households per
country) LOW-
HIGH

A4:

Impact of
additional
energy savings
in existing
buildings on
energy poverty
alleviation (%
additional
households)

No-policy
change

Scenario S1:
Enhanced
implementation
and soft law,
including
clarification and
simplification of
the current
Directive

Scenario S2:
Enhanced
implementation,
including
targeted
amendments for
strengthening
current
provisions

Scenario S3:
Enhanced
implementation
and increased
harmonization

Al: EPBD impact on renovation rate (in % points)

Impact on renovation rates are assumed 0% for no change, +0.15% for scenario S1,
+0.4% for scenario S2 and 1.15% for scenario S3 (see Table II1.3, based on information
provided by the European Commission and the Fraunhofer ISI potential study,
Braungardt et al. 2014).
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A2: EPBD impact on additional energy savings (in %)

Additional annual energy savings in existing buildings as a result of policy
implementation are assumed 0% for no change, 0.04% for scenario S1, 0.4% for
scenario S2 and 1.5% for scenario S3, based on calculations by ECN.

A3: Share of fuel-poor households affected by renovations

The share of renovations implemented in buildings inhabited by energy-poor households
is highly uncertain and depends strongly on the specific policy design, as well as its
implementation. One proxy is the share of energy-poor households relative to the total
number of households. We use a LOW to HIGH uncertainty corridor ranging from 50-
200% of this proxy value by country and energy poverty indicator. These values assume
that policy packages have either no, low or high specific sub-targets to address energy
poverty, whereby in the first case still some collateral policy impact is assumed. This
broad range also covers other uncertainties related to the policy implementation impact
e.g. with regards to differing levels of energy poverty households’ experiences, which
are not reflected in the binary energy poverty indicators but will affect the impact in
terms of number of households actually lifted from energy poverty.

A4: Impact of additional energy savings in existing buildings on energy poverty
alleviation

Deeper renovations resulting in higher energy savings can be expected to have a
positive impact on energy poverty alleviation. Accordingly, we assume that a 1%
increase in additional energy savings (according to A2) results in a 1% increase of
household numbers lifted from energy poverty.

6.3 Real disposable income

Impacts on real disposable income are available for each Member State at aggregate
level and by income quintile from the E3ME modelling. These estimates make use of the
Eurostat data on household expenditure patterns by the different income groups, and
combine the data with the impacts on prices of each type of product defined in the data
(further details are provided in the E3BME model manual).

6.4 Unemployment

Impacts on unemployment are available at Member State level from the E3ME
modelling. Unemployment is modelled as the difference between labour supply and
labour demand; supply would not be expected to change by much in the EPBD scenarios
but there are likely to be impacts on labour demand (see Part III Section 3).

7 Public budgets

7.1 Background

As has been discussed in the existing literature, the effects of energy efficiency on public
budgets are complex (IEA, 2014). Quantifying some of the effects could be very difficult
due to a high degree of uncertainty, e.g. impacts on public health budgets?>.

Other effects could be derived directly from the bottom-up estimate of energy savings,
for example:

= public expenditure on energy saving equipment

5 Warming homes could potentially affect public health budgets through two different channels, although the
sign of the net impact remains unclear. Specifically, an increase in the life expectancy of a person who lives
in @ warmer home could be assumed. However, this effect could be translated into an increase in healthcare
later in life for other reasons.
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Figure III.6 The effects of energy efficiency on public budgets
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Taking IEA (2014) as the starting point for assessing the effects of energy efficiency on
public budgets, the main impacts that have been identified in the literature are
summarised in Figure III.6.

Source: Cambridge Econometrics’ elaboration based on IEA (2014).

7.2 Our approach

One of the main advantages of applying a macroeconomic modelling approach is that
many of the factors that affect public budgets are included automatically in the analysis.
However, the macro modelling cannot cover all relevant aspects and therefore the model
results need to be extended. Our estimates therefore build on the results from E3ME,
expanding the model results to take into account certain specific factors.

Table III.4 summarises the main factors that are accounted for in our estimates.
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Table II1.4 Factors in the budget calculations

Factor AYETE LT AY

Factors affecting revenues

VAT receipts In the E3ME results
Fuel excise duties In the E3ME results
ETS auction revenues In the E3ME results
Income tax receipts In the E3ME results
Employees’ social contributions In the E3ME results
Employers’ social contributions In the E3ME results
Corporation tax receipts In the E3ME results
Property tax receipts Not estimated

Other tax receipts Not estimated

Factors affecting expenditures

Public sector energy expenditure Estimated off-model

Social benefits Estimated using E3ME results

Public sector support Assumed to be zero

Public health expenditure Not included to avoid double counting
Public investment in energy | Estimated off-model

efficiency

Other public expenditure In the E3ME results

7.3 Tax revenues from E3ME
E3ME provides estimates of the following tax receipts:

= VAT (on all products, including energy)

= income taxes

= social contributions (both employers’ and employees’)

= corporation taxes

= excise duties on energy expenditure, energy subsidies where relevant

Direct taxes

In each scenario it is assumed that the tax rates remain unchanged, so direct tax
revenues will vary according to levels of wages or profits. A single rate is used, meaning
that, for example, movements between income tax bands will not be taken into account.
In general it can be assumed that the boundaries between the tax bands are held
constant in real terms, so overall changes in wage rates do not affect the average tax
rate. The key question is whether the composition of jobs in the scenario affects the
average tax rates paid. For example, if all the additional jobs created had high wage
rates then they would fall into higher tax bands and play a higher average tax rate.
However, there is little evidence to suggest that the assumption of an unchanged tax
rate is unreasonable, as the jobs that are being created directly from the energy
efficiency measures are a mix of high and low skilled positions, while the indirect
changes in employment affect the whole economy anyway.
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Social contributions, both from employees and employers, are estimated in the same
way based on fixed rates in relation to wages. The approach for corporation tax is also
similar in that a fixed rate is applied, although this time it is in relation to company
profits.

Indirect taxes

The treatment of VAT in E3ME is to assign a rate to each of the 43 product groups (as
defined by Eurostat) in the model. Energy products are distinguished in the categories
so, for example, the reduced rate of VAT for energy products in the UK is accounted for.
The treatment therefore captures the effects of shifts in spending across product
categories on total VAT receipts.

ETS auction revenues, which are effectively treated as a tax, can also be obtained from
the model results. The revenues are estimated as power sector emissions multiplied by
the carbon price; with more energy efficiency, the power sector’s emissions could be
expected to fall due to reduced demand for electricity. There is clearly some
approximation here as allocations do not match exactly against use of allowances (either
between sectors or Member States) but this should not have a major impact on the
outcomes. We have assumed no auctioning of ETS allowances outside the power sector.

Property taxes

As discussed in Part III Section 9, increased rates of energy efficiency could potentially
lead to slightly higher buildings values. This would be expected to lead to higher tax
receipts from taxes that are linked to building values, for example taxes paid by property
owners, taxes linked to rental yields or taxes on buildings transactions.

However, it is difficult to quantify the impacts within this category. First, as discussed
in Part III Section 9, it is highly uncertain what the impact on the value of buildings
would be. The situation becomes even more complicated when attempting to estimate
the impact of increased energy efficiency on tax receipts and it is necessary to make
additional assumptions. For example, one of the main increases in tax receipts could be
through inheritance taxes, but an increase in housing values could lead to pressure to
raise inheritance tax thresholds.

Property taxes can be important for local government but the OECD reports that the UK
is the only EU OECD country in which property taxes account for more than 10% of total
revenues?®,

We therefore proceed with conservative assumptions and do not account for property
taxes in the analysis. We are likely to be missing a contribution to public budgets from
increased property tax receipts, but the impact is likely to be small, as:

= only some buildings are affected
= the increase in value would not be large
= property taxes make a relatively small share of total tax receipts

Other taxes

There are other taxes that contribute to public budgets and if GDP increases then
receipts from these taxes may increase too. Possible examples include charges on assets
or other activities that lie beyond the scope of the E3BME model. Again, the impacts are
likely to be small in all Member States, but again our assumptions are conservative.

7.4 Public expenditure in EBME

Public expenditure in E3ME includes final demands (e.g. health, education) and social
transfers in the form of benefits. Final demand is given as exogenous in real terms in

16 See https://data.oecd.org/tax/tax-on-property.htm
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the model and, to avoid double counting, we do not account for induced changes in
healthcare costs (see Section 4). The only impacts are therefore through changes in
prices. For example, if inflation increases then public sector wage demands are also
likely to increase.

There is a measure of social benefits in E3ME, but it is not very detailed, compared to
the treatment in micro-simulation models. We therefore make a separate off-model
estimate of the impacts on social expenditures. We assume that pension payments
(usually the largest category) are unchanged, while other payments are adjusted in line
with rates of unemployment and labour market inactivity. It is clear that this is a
simplification of highly complicated systems across Europe but it is the most suitable
and transparent approach given the available data. As the results show, however,
changes to benefit payments are in fact a relatively small part of the overall impact on
public budgets.

Costs and savings related to public energy efficiency

In addition, the estimate of the effects of energy efficiency on public balances must take
into account activities within the public sector. This is derived from the inputs to E3ME
(see Section 3). The calculation must account for both the expenditure on energy
efficiency and the energy savings made by the public sector.

The analysis should also account for public financing of private energy efficiency
schemes, for example through subsidies or guaranteed loans. However, in the scenarios
this level of support is assumed to be zero.

7.5 Interaction with the economic results

It is important to be clear about the interaction between the different indicator
categories to avoid double counting of the benefits. This is particularly important for
public budgets because there is a direct interaction with GDP and employment levels.

In the analysis we have held all tax rates constant so that government receipts and
expenditures change in line with wider economic conditions. Or to put it another way,
changes in GDP growth rates will affect government incomes and expenditure, but we
have not entered any changes to E3BME where changes in government budgets will affect
the economic results. The economic and public budgets results presented in Part IV are
thus additional.

8 Industrial competitiveness

Industrial competitiveness is a key issue for European policy makers. In this study we
define competitiveness at the sectoral level, with a focus on international trade (see
below).

Efficiency and competitiveness go hand in hand, and energy efficiency is no different.
However, the focus in this study is on energy efficiency in buildings, which has little
direct impact on competitiveness. Improved energy efficiency in dwellings does not have
any direct effect on industrial competitiveness. Improved energy efficiency in
commercial properties has only a limited impact on competitiveness as the cost
reductions are small and are often focused on services companies that do not trade
internationally.

Competitiveness effects may therefore be more likely in the sectors that produce energy
efficient equipment. For example, if these firms have a large home market, they have
more scope for benefitting from economies of scale, allowing them to charge a lower
price for products that are consumed both domestically and in other countries.
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8.1 Key issues and scope of work

European energy efficiency improvement objectives for buildings may have several
effects on industrial competitiveness, among which four main topics have been
identified:

= Investment attractiveness of the European construction sector: Market trends for
construction, renovation and rehabilitation in the housing and services sectors may
trigger new opportunities for value creation. These trends throw into question the
European industry’s capacity to adapt its production to meet increased domestic
demand, while still producing competitive exports.

= Global market shares of European Industries: The macroeconomic effects of energy
efficiency improvements go beyond GDP and employment growth. In particular,
European energy-intensive industrial sectors that are particularly exposed to
international competition, such as steel, pulp & paper, aluminium, cement, glass or
chemicals may benefit from new opportunities arising from the shift in demand
towards more efficient and higher quality building materials and processes.

= Emergence and positioning of European firms on breakthrough technologies and
innovation in energy efficiency products and solutions: New technologies and
innovation will certainly be a key pillar to achieving energy efficiency targets. For
example, innovation on energy-saving building materials, new efficient cooling and
heating technologies, or even smart meters for energy-consumption regulation, will
contribute to improving energy efficiency in buildings in Europe and in the rest of
the world. European industries may be able to position themselves on disruptive
innovation and gain competitiveness in fledgling markets.

= In addition, European economic competitiveness in general may be impacted by an
increase in productivity due to enhanced energy efficiency: Workers’ productivity is
closely tied to their indoor work environment; thus, health effects of improved
energy efficiency in buildings may result in better productivity and, ultimately, affect
competitiveness. This aspect is of particular interest in the context of this study,
since it combines health and well-being considerations with competitiveness issues.
The approach for quantifying health effects is provided in Section 4.

8.2 Literature review and data sources

We analyse these four main aspects, based on a combination of interviews and the
literature review. The interviews covered both exports and industrial actors and are
described (with the literature review) in Appendix B.

8.3 Output indicators

The analysis of industrial competitiveness is both qualitative and quantitative. The
analysis criteria are based on the questions asked during the interviews that are detailed
above. Given that the majority of companies in the construction sector are SMEs,
particular attention is given to their weaknesses and strengths regarding energy
efficiency improvements.

Investment attractiveness of the European construction sector

The analysis of the increase in demand is based on the expert interviews. The objective
is to provide both quantitative and qualitative outputs:

= Quantitative output: estimation of the demand volume towards 2030 and 2050 for
construction, rehabilitation and renovation.

= Qualitative output (with supporting figures): given the quantitative results, we
provide details on the main competitiveness issues linked to increased construction
demand. These relate to human capital and training, upgrading and modernising
production equipment and industry fragmentation.

August 2016 33



Global market shares of European Industries

The output on this topic is also both qualitative and quantitative. In particular, we
analyse the price and non-price competitiveness factors that most affect European
industries, and the extent to which European energy efficiency policies on buildings may
affect them.

Regarding disruptive technologies and innovation, we focus on the most promising
sectors and technologies related to buildings and energy efficiency. It is possible to
classify the different industry segments related to energy efficiency in buildings. An
example (based on US data) is provided in Table IIIL.5.

Table II1.5 Jobs in key industry segments in the US, 2010

Activity segment 2010 jobs

Energy-saving building materials 161,896
HVAC and building control systems 73,600

Green architecture and construction services 56,190
Professional energy services 49,863
Appliances 36,608
Energy-saving consumer products (e.g. smart meters) 19,210
Lighting 14,298

Source: Brookings Institute (2011).

Given the employment potential and the relative exposure to international competition
of these different activity segments, our analysis mostly focuses on energy-saving
building materials (e.g. insulating materials), in so far as this represents more than one
third of the total employment in the relevant key industry segments. For these activity
segments, we aim to provide the following output indicators:

= Quantitative output: growth potential of the innovation markets for energy efficiency
in buildings.

= Qualitative output (with supporting figures): competitive advantage of European
industries (e.g. first-mover advantage in innovative solutions) compared to non-EU
players.

Increase in productivity linked to energy efficiency

The assessment of the increase in labour productivity linked to energy efficiency is based
on the analysis described in Section 4. As labour accounts for a large share of the total
cost base of companies in most European sectors, changes in labour productivity could
have a substantial impact on overall rates of productivity across Europe.

9 The value of buildings

Of the seven impact areas, the value of buildings is perhaps the most difficult of all to
quantify impacts for. Most of the previous studies that have been carried out have relied
on large-scale econometric estimates that require substantial data collection exercises.
For practical reasons, they are often carried out at city level and none of the studies
that we reviewed estimated impacts for more than one country.
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The assessment of the impacts of energy efficiency on the value of buildings in this
report is based on the findings of the literature review (see Appendix B). It essentially
extrapolates the results from previous studies in order to make an estimate of impacts
at European level. We assessed the relevance of each study that was reviewed, for
example taking into account:

= the degree of energy savings
= geographical location
= type of building

We describe below some of the key studies. The results presented in Part IV Section 8
provide a range of possible impacts, based on these findings.

9.1 General findings

As stated by European Commission (2013), many actors expect the energy performance
of buildings to affect the value of buildings as reduced energy consumption saves money
and is also in line with changing social norms vis-a-vis the environment. The energy
performance of buildings is also expected to affect the value of property for other
reasons, such as providing a greater level of services (Urge-Vorsatz et al., 2009).
Information provision through energy performance labelling can help render the
differences between otherwise comparable properties more readable, enabling market
actors to act on this information where relevant (European Commission, 2013).

As RICS (2010) points out, many surveys show that there is some willingness to pay a
premium for labelled buildings, but it is really only in the transaction data (whether
rental or sales figures) that a positive link between energy performance certification of
a property and its exchange value can be shown. RICS (2010) points out in some detail
that market values are only one definition of value and that value in its wider sense can
reflect a number of characteristics that can be said to provide value (monetary or
psychological) to people. Although value may exist for one party, it will not always be
fully reflected in transaction data.

European Commission (2013) provides an analysis of 22 papers in which hedonic
regression has been applied to determine the relationship between energy performance
certificates and exchange value of both residential and commercial real estate (both
rental and sales values), in a period from 1995 to 2012. In 19 of the 22 reports, a
positive relationship on either rental and/or sales value was identified: the labelled
buildings (e.g. Energy Star or LEED) have an increased price compared to non-labelled
buildings.

Within this research, the existing (scientific) literature regarding the relationship
between energy efficiency labels and transaction prices (rental and sales values) is
divided into residential real estate and commercial real estate. More detailed information
regarding the impact of energy labels on the rental and/or sales values of real estate in
each of these categories is provided below, based on European Commission (2013) and
extended with additional literature.

9.2 Residential

Most relevant studies of residential real estate focus on the effect of improved energy
efficiency on transaction prices. Based on the literature we reviewed, some conflicting
results are observed. In some cases, studies focusing on the transaction prices of
residential real estate show evidence that a positive relationship exists between energy
efficiency labels and transaction prices. However, these studies do not investigate
occupancy premiums and only three studies investigate rental premiums. Regarding
these factors and the effect of improved energy efficiency on time to sale the existing
literature is thin.
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Two of the studies reviewed in our literature study focus on the price premium in Tokyo.
Three studies focus on the US and one of the studies is conducted in Australia. The
remaining studies focus on European countries.

9.3 Commercial buildings

Our review showed that there are more relevant studies available for the commercial
segment of the property market than for residential buildings. However, the studies on
commercial property were geographically much more homogeneous, with the majority
focusing on the United States. One study covered the Netherlands and two studies
covered the UK.

Of the studies examining the impact of energy efficiency on sales values, 90% found
that the presence of energy/environmental labelling had a positive impact (European
Commission, 2013). Only Fuerst and McAllister (2011) found that there was no evidence
of an impact, either positive or negative. However, this study was based on appraised
values and not on transaction values; appraised values are retrospective and lag
transacted values: a weak signal from a (so far) weakly implemented EPC would be
further weakened by using appraised values. One study (Eichholtz et al., 2010a) found
evidence of a positive link for Energy Star but not for LEED.

Of the studies examining the impact on rental values, again 90% concluded that the
presence of energy/environmental labelling also had a positive impact on the rental
value and only one (Fuerst and McAllister, 2011) found that there was no evidence of
an impact, either positive or negative.

Kok and Jennen (2012) and Fuerst and McAllister (2011) were the only studies identified
that addressed the link between energy/environmental performance certification and
the rental values of commercial property outside the United States. However, the two
studies reported quite different findings.

The study of Fuerst and McAllister found no evidence that the EPC was yet having the
kind of impact that would be expected. Based on a recent publication in the ‘Financieel
Dagblad’ (Financial Newspaper in the Netherlands), dated 4 November 2015, Nils Kok
(CEO GRESB and Professor of Real Estate at the University of Maastricht) quotes his
research that the rents of ‘energy efficient’ buildings are on average approximately 6%
higher than rental levels of buildings that are designated as ‘inefficient’. It should be
noted that Kok and Jennen’s study (2012) is based on a much larger sample of
properties and is based on transacted values. On this basis it may be considered as
more robust.

We carried out a short interview with Mr. Kok and it appears, following his study, that
tenants and investors increase the pressure on building owners to further invest in
energy efficiency. For instance, the Dutch Government solely wants to rent energy
efficient buildings and pension fund manager PGGM demands from companies in which
it invests that the CO2 emissions of the entire real estate portfolio need to be reduced
by 50% in a five-year timespan. This finding is consistent with the conclusion of the real
estate study that states: The international real estate markets embraced sustainability
and are aware of the fact that it can be a distinctive factor.

The finding applies mainly for measurable aspects of sustainable buildings, such as
energy efficiency, that translate into greater value in the form of higher rental rates,
increased sale prices, increased occupancy rates and lower capitalisation rates. It also
benefits the end user due to lower operating expenses, improved indoor climate and
increased worker productivity.

Kok also states that investing in energy efficient real estate has positive effects on an
organisation’s image, the climate and investment returns. Nevertheless, real estate
owners are still not investing en masse. This is partly because energy savings need to
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be passed on to the tenant (which leads to negotiations) and also because investments
in sustainability often pay out in the medium to long term, because, for example,
vacancy rates are lower.

9.4 Appraisers view

We also consulted EY’s real estate team. They stated that as a result of the financial
crisis a visible upward impact of energy performance on building values is hard to
quantify due to the sharp drop in real estate values. However, it is evident that
sustainable buildings show shorter vacancy periods, have a lower loss of rental income
due to changing tenants and, as such, show a more positive operating impact for the
owner, if compared to the ‘same’ energy inefficient building. Notwithstanding these
positive impacts, it must be noted that a high ‘green’ label comes with higher and more
frequent (re-)investment and maintenance costs. As such it is still unclear if energy
performance is positively reflected in the internal rate of return for the investor. Now
that the real estate market is coming back on track and the real estate values are ‘reset’,
appraisers expect an acceleration in the value impact on sustainable buildings.
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Part IV. Results

1 Introduction

This chapter presents the quantitative results from the analysis. It is split into the seven
impact areas, which are discussed in turn.

To put the impacts into context, Figure IV.1 shows the energy savings that are achieved
in each scenario, compared to the reference case. The figure shows that the level of
ambition is much higher in S3 than in the other cases. We would expect the results
across each of the seven impact areas to reflect this.

Figure 1V.1 EU28 final energy demand savings, m toe per annum, compared to reference scenario

EU28 Final Energy Demand Savings, m TOE/a
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2 Economy and labour market

2.1 Macroeconomic impacts at EU level

The economic and labour market impacts largely come from the E3BME model results.
Table IV.1 and Table IV.2 summarise the macroeconomic results for 2020 and 2030,
respectively.

Overall, the magnitude of the impacts is fairly small throughout. This partly reflects the
scale of the inputs, but also the relatively small size of the energy sector in the total
economy. However, there is also a clear trend that the impacts are positive, both for
GDP and employment. The pattern of results is the same for 2020 and 2030, with the
scale of impacts in 2030 slightly larger. The maximum increase in GDP is in the range

17 Boermans, T, Grozinger, J, von Manteuffel, B, Surmeli-Anac, N, John, A (Ecofys) Leutgob, K and Bachner,
D (e7) (2015) ‘Assessment of cost optimal calculations in the context of the EPBD’ (ENER/C3/2013-414) Final
report. 19 November 2015, Project number: BUIDE13705.
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of 0.6%, while employment is likely to increase by up to 0.25% (568,000 jobs).
Unemployment falls by a comparable amount (see Section 5).

The positive economic impacts are largely driven by higher levels of investment. For
example, in scenario S3 where the EE investment is the largest, additional investment
in 2030 for the EU28 countries is €101bn. The investment is paid for through a
redistribution of consumer expenditure made by households, so the effects on
consumption are modest at best and may be slightly negative.

The effects on international trade are ambiguous. On the one hand a reduction in energy
consumption leads to lower fossil fuel imports. However, a higher level of GDP tends to
lead to a higher demand for imports as well (e.g. for energy-efficient goods). So, while
imports of energy goods fall in all cases, it is not necessarily the case that a more
ambitious level of energy efficiency leads to a lower total volume of imports. There is
little impact on exports.

Table IV.1 EU28 Summary of results in 2020, % difference from reference scenario

S1 S2 S3
GDP 0.08 0.11 0.26
Employment 0.01 0.02 0.06
Consumer expenditure 0.02 0.01 -0.10
Investment 0.11 0.20 0.80
Extra-EU exports 0.02 0.02 0.03
Extra-EU imports -0.10 -0.17 -0.36
Employment (thousands) 32 46 126
Consumer price index -0.07 -0.11 -0.25

Source(s): EBME, Cambridge Econometrics

Table IV.2 EU28 Summary of results in 2030, % difference from reference case

S1 S2 S3
GDP 0.12 0.29 0.61
Employment 0.04 0.10 0.25
Consumer expenditure -0.03 -0.01 0.06
Investment 0.38 0.84 1.82
Extra-EU exports 0.02 0.05 0.12
Extra-EU imports -0.11 -0.20 -0.08
Employment (thousands) 93 220 568
Consumer price index -0.14 -0.41 -0.88

Source(s): E3ME, Cambridge Econometrics

2.2 Macroeconomic impacts at Member State level

The Member State level impacts of energy efficiency on GDP and employment are shown
in Figure IV.2 and Figure IV.3, respectively. The national results largely reflect shares
of energy-efficiency investment (relative to GDP). Countries with large investment
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goods sectors are also expected to see larger increases in both output (GDP) and
employment.

In terms of GDP (Figure IV.2), countries that produce energy domestically and/or export
energy suffer from reductions in energy demand, while countries that are energy
intensive and/or import energy benefit from reductions in energy demand.

Figure IV.2 GDP by Member State in 2030, % difference from reference case
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Figure IV.3 Employment by member state in 2030, % difference from reference case
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Countries with economies that are focused more towards consumer goods and services
are likely to see smaller increases in employment (Figure IV.4) than those that produce
capital equipment. In some cases, there is a small decrease in employment as
households reduce current consumption to pay for investment in the short run.
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However, in the longer term (after the period of the model simulations) when the
investment has already been made, consumption would be expected to recover.

Most Member States show positive impacts from the three scenarios when compared to
the reference case; however, there are a few notable exceptions. GDP is lower in the
scenarios than in the reference case in 2030 in Estonia and Lithuania, reflecting their
high levels of trade. In these countries the investment in energy efficient equipment
creates domestic activity in the construction sector but spending in other sectors is
diverted to pay for the equipment. As most of the equipment is imported, there is a
short-term negative effect.

Employment is lower in the scenarios in Estonia, Bulgaria and Romania; in the latter
pair of countries (where GDP did not fall), this is reflecting a shift in economic activity
away from agriculture (as consumer expenditure on food decreases) and towards
construction (to implement the energy efficiency measures). As construction has a
higher average level of productivity than agriculture, this shift in economic activity
generates fewer jobs in construction than those that are lost from agriculture.

It should also be noted that there are some endogenous wage responses in the
modelling, which can explain some of the employment impacts (both positive and
negative). Changes to productivity, consumption patterns and aggregate inflation rates
can lead to changes in the wage bargaining process and a different outcome for average
wage rates.

2.3 Impacts at sectoral level

The E3ME model results for output and employment, split by different sectors of the
economy, are displayed in Figure IV.4 and Figure IV.5. These results show a reduction
in output and employment in the utilities and extraction sectors due to the energy saving
measures. However, small rebound effects and reductions in imports limit the overall
impacts on the extraction sectors.

Figure IV.4 EU28 Summary of output impacts by sector in 2030, % difference from reference case
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Other sectors, such as construction and engineering, benefit from the investment in
energy efficiency and, to a lesser extent, higher demand from consumers in the long
run. As a result, these sectors are expected to see an increase in output in the energy
efficiency scenarios, compared to the reference case. Because these positive economic
impacts are driven largely by higher levels of investment, the impact is greatest in
scenario S3 where the energy efficiency investment is the largest.

Employment results at sectoral level follow the same pattern as output, although the
magnitude of the impacts is smaller (Figure IV.5). The only sector that is expected to
see a decline in employment is extraction and utilities. Construction and engineering
will be the two sectors experiencing most significant increases in employment, although
these are still moderate.

Figure IV.5 EU28 Summary of employment impacts by sector in 2030, % difference from reference
case

EU28 Summary of employment impacts in 2030, %
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2.4 Energy security

The measure of energy security used in this report is the economic value of energy
imports, expressed as a share of GDP. Results for this indicator are shown in Table IV.3.

The measure shows some small improvements in energy security in the scenarios.
However, in all the scenarios these impacts are quite small in magnitude.

Table 1V.3 Energy imports as a share of GDP

Ref case
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Ref case S1 S2 S3

0.020 0.020 0.020 0.020
0.029 0.027 0.027 0.027
0.033 0.033 0.033 0.033
0.092 0.091 0.091 0.089
0.033 0.033 0.032 0.030
0.051 0.051 0.050 0.049
0.013 0.012 0.012 0.011
0.036 0.036 0.035 0.034
0.024 0.023 0.021 0.020
0.028 0.025 0.023 0.021
0.057 0.057 0.055 0.053
0.054 0.052 0.051 0.047
0.174 0.173 0.173 0.160
0.293 0.294 0.294 0.295
0.032 0.031 0.030 0.028
0.047 0.034 0.029 0.028
0.046 0.045 0.045 0.043
0.044 0.040 0.038 0.036
0.069 0.066 0.065 0.063
0.045 0.044 0.044 0.043
0.059 0.058 0.058 0.058
0.057 0.054 0.051 0.050
0.037 0.036 0.035 0.034

Source(s): EBME, Cambridge Econometrics

3 Health and well-being

The results for healthcare cost savings, mortality and morbidity costs savings and
productivity gains resulting from energy efficiency measures that improve indoor
thermal comfort and air quality are displayed in Table IV.4 to Table IV.6. The results for
healthcare, mortality and morbidity cost savings are derived from an estimate of the
square meterage of building area that will be renovated under each scenario based on
the estimated energy savings at the Member State level (see Table IV.7 for details). An
annual cost-saving estimate of €2.80 per renovated square metre, derived from the
existing literature (see Appendix B), has been used in the final calculations. A more
detailed overview of the methodology is provided in Part III Section 4 of this report.

As the results in the tables show, the potential of energy efficiency measures to generate
health-related cost savings is considerable. The extent of cost savings related to
healthcare costs, morbidity and mortality are affected by the level of investment:
greater savings are derived from greater levels of investment. The benefits also
accumulate over time. The cost savings related to healthcare costs, mortality and
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morbidity range from €2m pa for the EU28 in S1 (Table IV.4) to €367.6m pa in S3
(Table IV.6) for the period of 2015-2020 and from €24m pa in scenario S1 (Table IV.4)
to €925.9m pa in scenario S3 (Table IV.6) for the period 2020-2030.

The estimates of productivity gains are derived using the total area of non-residential
buildings renovated each year and an estimated annual cost saving of between €0.6
and €1.0 per square metre of renovated floor space. These estimates provide a
minimum and maximum value for the productivity gains.

As is the case with healthcare cost, mortality and morbidity, the extent of impacts varies
between scenarios and the benefits accumulate over time. The absolute values of the
productivity gains are not as significant as the other health-related cost savings, but are
nevertheless considerable at the EU28 level. The estimated productivity gains for the
EU28 range from €0.1m to €0.2m pa (S1, Table IV.4) in 2015-2020 to €53.4m to
€88.9m pa (S3, Table IV.6) in 2020-2030.

The variation in the scale of impacts at Member State level is considerable and reflects
different types of public health coverage and scope for improvements in building quality.

Table IV.4 Change in health-related costs, scenario S1, m€ per year

2015 - 2020 2020 - 2030

Cost Prod. gains Prod. gains Cost Prod. gains Prod. gains
savings - minimum maximum savings - minimum maximum
morbidity, morbidity,

mortality & mortality &

healthcare healthcare

August 2016 44



Source(s): EBME, Cambridge Econometrics

-0.1
0.0
0.0
0.0
0.0
0.0

-0.1
0.0

-2.0

2015 - 2020
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-0.1

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-0.2

-0.6
0.0
-0.3
-0.2
-0.1
-0.2
-0.7
-0.3
-24.0

2020 - 2030
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-1.4

-0.1
0.0
0.0
0.0
0.0
0.0

-0.1
0.0

-2.3

Table IV.5 Change in health-related costs, scenario S2, m€ per year

2015 - 2020

2020 - 2030

Cost Prod. gains Prod. gains Cost
savings - minimum maximum savings -
morbidity, morbidity,
mortality & mortality &
healthcare healthcare

Prod. gains Prod. gains
minimum maximum
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2015 - 2020 2020 - 2030

-2.2 -0.1 -0.2 -6.0 -0.3 -0.5
0.0 0.0 0.0 =0, 1l 0.0 0.0
-0.9 -0.1 -0.2 -2.6 -0.3 -0.5
-0.9 -0.1 -0.1 -2.5 -0.2 -0.3
-0.4 0.0 0.0 -1.1 -0.1 -0.1
-0.8 -0.1 -0.1 -2.2 -0.2 -0.4
-2.6 -0.2 -0.3 -7.0 -0.4 -0.7
-1.0 0.0 -0.1 -2.6 -0.1 =02
-91.1 -5.2 -8.7 -246.8 -14.2 -23.7

Source(s): EBME, Cambridge Econometrics

Table IV.6 Change in health-related costs, scenario S3, m€ per year

2015 - 2020 2020 - 2030

Cost Prod. gains Prod. gains Cost Prod. gains Prod. gains
savings - minimum maximum savings - minimum maximum
morbidity, morbidity,

mortality & mortality &

healthcare healthcare
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2015 - 2020 2020 - 2030

-1.9 -0.1 0.2 -4.8 -0.4 -0.6
-8.9 -0.5 -0.8 -22.6 -1.2 -1.9
-0.1 0.0 0.0 -0.3 0.0 0.0
-20.1 -1.1 -1.9 -50.9 -2.8 -4.7
-3.6 -0.3 -0.5 =0),2 -0.8 -1.3
-1.7 -0.1 -0.1 -4.2 -0.2 -0.4
=8l -0.3 -0.5 -8.2 -0.8 -1.4
-10.4 -0.6 -1.0 -26.3 -1.6 -2.7
SSHO) -0.2 -0.3 -9.8 -0.4 0.7
-367.6 -21.2 -35.3 -925.9 -53.4 -88.9

Source(s): EBME, Cambridge Econometrics

4 Environmental impacts

4.1 Impacts on energy consumption

The impacts of energy efficiency on final energy consumption come largely from the
E3ME model results, which are based on the initial energy savings but also take into
account rebound effects and energy consumption required to produce energy-efficient
equipment and materials. The E3ME model results for final energy consumption are
shown in Table IV.7. These figures include both the direct energy savings from the
bottom-up analysis and any indirect effects.

As can be seen in Table IV.7, most of the changes in final energy demand are in the
buildings sector, which is to be expected considering the focus of all three scenarios on
energy efficiency improvements in buildings. The changes in energy consumption in
other sectors are the result of indirect impacts (e.g. rebound effects).

Both the reductions in final energy consumption for buildings and for the whole economy
are driven by the level of investment in energy efficiency in the different scenarios. The
impact on final energy consumption by buildings in the EU28 ranges from -0.7% in
scenario S1 to -14.8% in scenario S3, while for the whole economy the range is from -
0.4% in S1 to -6.9% in S3. Even when rebound effects and the energy consumption
required to produce energy efficient equipment and materials are taken into
consideration, all scenarios show a reduction in final energy consumption, although the
magnitude of this reduction varies.

The magnitude of the impacts also varies considerably between countries, reflecting
differences in the current quality of the building stock and the potential for energy
efficiency improvements. The reductions in final energy consumption, most notable in
the high investment scenario (S3), are smaller for countries where the building stock is
known to be relatively energy efficient already (such as Sweden, Denmark and the
Netherlands).

4.2 Impacts on greenhouse gas and other air-borne emissions

The impacts on greenhouse gas (GHG) and CO2 emissions (Table IV.8) are taken from
the E3ME results and are consistent with the results for primary fuel consumption.
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As can be seen in Table IV.8, both CO2 and GHG emissions decrease in all scenarios.
Again, the magnitude of the impact is driven by the level of investment and energy
savings, with the change in CO2 emissions in the EU28 ranging from -0.5% in S1 to -
7.8% in S3. The change in GHG emissions ranges from -0.4% in S1 to -6.0% in S3.

At Member State level, the magnitude of the impacts varies considerably, largely due
to the varying potential to further improve energy efficiency in buildings at the national
level.

The results from the E3ME model also include estimates of several more localised air
pollutants. These results are used as inputs to the calculations of impacts on human
health (see Section 3 above). Full tables of results are provided in Appendix C.
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Table 1V.7 Final energy consumption in 2030, % difference from reference case

For buildings For the whole economy

BE -0.3 -2.7 -10.0 -0.3 -1.6 -5.4
DK -0.4 -2.3 -7.9 -0.2 -1.0 -3.4
DE -0.9 -4.1 -14.3 -0.4 -1.8 -6.2
EL -0.7 -4.3 -15.9 -1.0 -3.4 -10.0
ES -0.6 -4.0 -13.2 -0.3 -1.5 -4.9
FR -0.8 -4.9 -17.2 -0.4 -2.1 -7.1
IE -0.6 -5.8 -21.9 -0.3 -2.1 -7.3
IT -0.6 -3.0 -10.0 -0.4 -1.8 -6.0
LU -1.2 -7.2 -25.7 -0.2 -1.0 -3.6
NL -0.2 -1.6 -6.1 -0.3 -1.5 -5.5
AT -1.1 -5.9 -20.4 -0.3 -1.8 -6.5
PT -1.1 -3.3 -10.0 -0.3 -1.3 -4.3
FI -0.3 -2.7 -10.1 -0.1 -1.1 -4.3
SE -0.3 -2.6 -9.6 -0.1 -0.9 -3.4
UK -1.1 -8.9 -32.2 -0.6 -3.6 -12.4
cz -0.7 -4.8 -15.8 -0.5 -2.6 -8.2
EE -0.6 -3.6 -13.4 -0.7 -2.9 -9.1
cYy -0.6 -5.6 -21.0 -0.8 -2.5 -7.3
LV -0.9 -5.2 -19.6 -0.3 -2.2 -8.9
LT 0.5 -1.0 -5.3 0.1 -1.0 -4.3
HU -0.9 -5.0 -17.2 -0.5 -2.7 -9.5
MT -0.4 -3.9 -14.5 -0.6 -1.7 -4.9
PL -0.3 -3.0 -11.2 -0.2 -1.4 -5.1
SI -1.1 -11.0 -41.4 -0.8 -4.8 -16.7
SK -0.5 -2.5 -8.8 -0.1 -0.9 -3.2
BG -0.7 -3.7 -11.6 -0.9 -3.1 -8.2
RO -1.1 -4.2 -14.0 -2.9 -7.4 -13.5
HR -1.5 -8.3 -28.4 -0.8 -3.7 -12.1
EU -0.7 -4.2 -14.8 -0.4 -2.1 -6.9

Source(s): E3BME, Cambridge Econometrics
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Table IV.8 Impact on CO; and GHG emissions in 2030, % difference from reference case

CO:2 emissions GHG emissions

FR -0.8 -3.4 -11.2 -0.6 -2.4 -7.7
IE -0.3 -2.1 -7.6 -0.2 -1.1 -3.9
IT -0.5 -2.0 -6.2 -0.5 -1.8 -5.3
LU -0.3 -1.5 -5.3 -0.2 -1.3 -4.8
NL -0.4 -2.2 -7.7 -0.3 -1.7 -6.1
AT -0.4 -1.8 -6.5 -0.3 -1.6 -5.6
PT -0.5 -1.5 -4.7 -0.4 -1.3 -3.9
FI -0.3 -1.8 -5.7 -0.2 -0.8 -2.5
SE -0.4 -1.3 -2.4 -0.2 -0.8 -1.4
UK -0.5 -3.9 -13.2 -0.4 -2.9 -10.2
cz -0.5 -2.9 -8.0 -0.5 -2.7 -7.6
EE -0.7 -2.8 -8.1 -0.4 -1.6 -4.7
(o) 4 5.5 2.8 -5.2 5.2 2.6 -5.0
LV -0.9 -4.3 -11.7 -0.1 -0.1 -0.3
LT -0.3 -2.3 -7.8 -0.2 -1.1 -3.7
HU -0.4 -3.2 -11.2 -0.3 -2.5 -8.7
MT 3.7 1.9 -3.8 3.1 1.6 -3.2
PL -0.1 -0.9 -3.3 -0.1 -0.7 -2.7
SI -1.2 -6.2 -18.8 -1.0 -5.3 -15.5
SK -0.1 -0.7 -2.6 -0.1 -0.8 -2.9
BG -1.5 -4.5 -11.9 -1.0 -3.1 -8.3
RO -2.9 -7.4 -13.0 -2.2 -5.8 -10.7
HR -0.9 -3.6 -11.1 -1.4 -3.6 -10.0
EU -0.5 -2.5 -7.8 -0.4 -1.9 -6.0
Source(s): E3BME, Cambridge Econometrics
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4.3 Impacts on material consumption

The impacts of energy efficiency on material consumption come from the E3ME materials
sub-model, which estimates the demand for seven different materials across 20 sectors
of the economy. The interaction between energy and materials demand is known to be
complex: the production of materials like steel and cement is known to be energy
intensive, but many energy savings measures are also known to be quite material
intensive.

The demand for materials in the EBME materials sub-model is determined by rates of
economic production, price and technology. Feedbacks to the primary producers
(agriculture, forestry and non-energy mining) are included in the demand equations. In
the materials demand equations, the dependent model variable is DMI (Direct Material
Input) although this is translated to DMC (Direct Material Consumption) for presentation
of results here.

Table IV.9 gives the results for the impact of energy efficiency on material consumption.
The demand for materials in the EU28 increases due to higher buildings investment, as
well as rebound effects from higher economic activities. As a result, material
consumption is higher in S3 than in S1 and S2. It is worth noting, however, that the
increase in material consumption relates only to the initial investment that is being
made. Once the investment is completed, material consumption will return close to
baseline values in the reference case.

Table IV.9 DMC in 2030, % difference from reference case

BE -0.03 -0.03 -0.02
(0] ¢ 0.42 0.65 1.34
]3] -0.02 -0.03 -0.04
EL 0.20 0.38 0.70
ES 0.09 0.20 0.31
FR 0.05 0.16 0.48
IE 0.11 0.24 0.51
IT 0.17 0.48 0.73
LU 0.16 0.36 0.77
NL 0.02 0.09 0.25
AT 0.02 0.10 0.38
PT 0.59 1.28 1.77
FI 0.01 0.03 0.07
SE 1.70 3.06 5.37
UK -0.02 -0.06 -0.13
(074 0.46 0.98 1.63
EE 0.42 0.89 2.07
CY 0.21 0.50 1.08
LV 0.30 0.75 1.28
LT -0.03 0.34 1.24
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HU 1.08 2.20 4.29
MT 0.09 0.16 0.29
PL 0.25 0.57 1.30
SI 2.44 5.29 10.40
SK 0.37 0.83 1.68
BG -0.76 -1.56 -3.17
RO 8.22 28.11 38.16
HR -0.07 -0.19 -0.29
EU 0.26 0.81 1.21

Source(s): EBME, Cambridge Econometrics

4.4 Impacts on water and land use by the power sector

The impacts of energy efficiency on water and land use by the power sector are shown
in Table IV.10. These estimates are the result of a supplementary calculation that builds
on the outputs of the E3ME model.

The results in Table IV.10 only cover requirements by the power sector, as it is assumed
that in other sector changes in land and water use would be fairly minor (although this
does not mean that other sector change would be zero - for example, if material
consumption grows, the land required for mining activities may increase).

As shown in Table IV.10, both water consumption and land use for the power sector in
the EU28 are expected to decline in S2 and S3, with the impacts of S1 on both land use
and water consumption being negligible. The impact on both water and land use is
greatest in the high investment scenario (S3), which shows an estimated reduction of
2.8% for water consumption and 4.5% for land use in the EU28.

However, there is quite a wide range of uncertainty around these results, because a
substantial share of the demands depends on local geography and the technologies used
(the uncertainty surrounding water and land use coefficients is discussed in greater
detail in Part III Section 5). As such, the results in Table IV.10 should be treated with
caution.

Table 1V.10 Changes in water and land consumption by the power sector in 2030, % difference
from reference case

Water consumption Land use
S2
BE -0.1 -1.0 -2.7 -0.6 -5.2 -14.1
DK 0.0 -0.6 -2.0 0.0 -0.6 -1.7
DE 0.2 -0.8 -3.1 0.3 -0.6 -2.6
EL -1.9 -5.1 -18.0 -1.6 -4.6 -17.2
ES 0.1 -0.1 -1.4 0.4 -0.3 -4.0
FR 0.0 -0.5 -1.8 1.0 -5.8 -21.1
IE 0.0 -1.1 -2.2 0.0 -1.0 -2.0
IT 1.1 -0.2 -2.4 1.3 0.2 -1.7
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Water consumption Land use
FI 0.0 -1.0 -4.4 0.1 -2.5 -10.8
SE 0.0 -0.2 -1.1 0.1 -1.2 -5.6
UK 0.0 -1.4 -2.1 0.2 -2.0 -2.7
cz 0.0 -0.8 -2.7 0.2 1.6 -1.6
EE -0.7 -2.4 -8.6 -0.5 -1.8 -7.2
CY 12.5 12.5 0.0 13.1 8.4 -5.1
LV 0.7 -2.2 -12.1 0.7 -2.0 -11.4
LT 0.3 -0.7 -3.7 3.6 -6.1 -30.5
HU 0.1 -0.8 -2.5 0.6 -3.2 -9.7
MT 0.0 0.0 0.0 0.0 0.0 0.0
PL 0.5 -0.1 -1.3 0.7 0.2 -0.6
SI1 -0.3 -2.7 -14.6 0.1 -7.7 -41.1
SK 0.0 -0.2 -0.9 0.2 -1.3 -5.1
BG -1.2 -3.5 -10.1 -2.4 -6.9 -19.7
RO -2.6 -6.7 -9.6 -4.5 -11.4 -17.5
HR 0.4 -3.6 -15.8 0.8 -3.4 -16.4
EU 0.0 -0.9 -2.8 0.3 -1.1 -4.5

Source(s): EBME, Cambridge Econometrics

5 Social impacts

The most relevant social impact included in our analysis on the impacts of energy
efficiency in buildings is the change in number (or proportion) of households in energy
poverty. In the absence of a shared and agreed definition (and data source) across the
EU, the occurrence / prevalence of energy poverty is measured using three separate
proxy indicators for energy poverty in residential buildings from the EU-SILC database.
These are

= arrears on utility bills (AUB)
= presence of leaks, damp, rot (LDR)
= ability to keep home adequately warm (AKW)

Since energy poverty occurs mainly within old, non-refurbished buildings, only policy
packages comprising measures that target existing buildings (and preferably that induce
deep renovations, such as potentially measure 1B in scenario S3) will have a strong
impact in terms of energy poverty alleviation. The actual policy impact on energy
poverty will depend on the extent to which energy poverty alleviation is included as a
specific policy target (indicated by the LOW/HIGH impact scenarios).
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Table IV.11 displays a summary of the results for six proposed policy scenarios for the
EU28. The number of households (HH) that may be lifted from energy poverty across
the EU according to the above points lies between 194,000 and 310,000 (LOW impact
scenario/scenario S1) and between 5.17m and 8.26m (HIGH impact scenario/scenario
S3), depending on the energy poverty indicator considered (see Table IV.11 and Figure
IV.15 to Figure 1V.17).

The results for the indicators AUB, LDR and AKW are also presented separately by
Member State for all three policy scenarios. In these figures (Figure IV.6 to Figure
IV.14), the results are disaggregated by housing type (multi-family homes, MFH; and
single-family homes, SFH).

At the Member State level, the results differ by energy poverty indicator and share of
dwelling type (SFH/MFH) within the building stock. National results also depend on the
size of the building stock and the share of energy-poor households according to the
different indicators.

In order to get a more precise picture of the extent, level and distribution of energy
poverty across the EU and thus enable targeted action to alleviate it, a harmonised
definition is required on which base the respective data can be collected.

Figure IV.15 to Figure IV.17 illustrate the potential of different policy scenarios (high
and low-impact versions of S1, S2 and S3) to reduce energy poverty at the EU level
over time using the three key indicators (AUB, LDR and AKW).

Table 1V.11 Total EU reductions in energy poverty in 2030 (in 1000 HH)

AUB SFH
AUB MFH
AUB Total

LDR SFH
LDR MFH
LDR Total

AKW SFH
AKW MFH
AKW Total

Source(s): Wuppertal Institut.
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Figure IV.6 Energy poverty alleviation impact of policy option 1 in SFH and MFH using AUB as
indicator

Impact range of Policy Option 1 per country by 2030
Indicator "Arrears on utility bills"
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Source(s): Wuppertal Institut.

Figure IV.7 Energy poverty alleviation impact of policy option 1 in SFH and MFH using LDR as
indicator

Impact range of Policy Option 1 per country by 2030
Indicator "Presence of leak, damp, rot"
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Source(s): Wuppertal Institut.
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Figure IV.8 Energy poverty alleviation impact of policy option 1 in SFH and MFH using AKW as
indicator

Impact range of Policy Option 1 per country by 2030
Indicator "Ability to keep home adequately warm"
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Source(s): Wuppertal Institut.

Figure IV.9 Energy poverty alleviation impact of policy option 2 in SFH and MFH using AUB as
indicator

Impact range of Policy Option 2 per country by 2030
Indicator "Arrears on utility bills"
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Source(s): Wuppertal Institut.
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Figure 1V.10 Energy poverty alleviation impact of policy option 2 in SFH and MFH using LDR as
indicator

Impact range of Policy Option 2 per country by 2030
Indicator "Presence of leak, damp, rot"
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Source(s): Wuppertal Institut.

Figure 1V.11 Energy poverty alleviation impact of policy option 2 in SFH and MFH using AKW as
indicator

Impact range of Policy Option 2 per country by 2030
Indicator "Ability to keep home adequately warm"
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Figure 1V.12 Energy poverty alleviation impact of policy option 3 in SFH and MFH using AUB as
indicator

Impact range of Policy Option 3 per country by 2030
Indicator "Arrears on utility bills"
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Figure 1V.13 Energy poverty alleviation impact of policy option 3 in SFH and MFH using LDR as
indicator

Impact range of Policy Option 3 per country by 2030
Indicator "Presence of leak, damp, rot"
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Figure 1V.14 Energy poverty alleviation impact of policy option 3 in SFH and MFH
using AKW as indicator

Impact range of Policy Option 3 per country by 2030
Indicator "Ability to keep home adequately warm"
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Figure IV.15 Energy poverty alleviation impact of the different policy options in residential
buildings using AUB as indicator
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Figure 1V.16 Energy poverty alleviation impact of the different policy options in residential
buildings using LDR as indicator
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Figure 1V.17 Energy poverty alleviation impact of the different policy options in residential
buildings using AKW as indicator
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6 Public budgets

6.1 Impacts at European level

The estimated impacts of energy efficiency in buildings on public budgets are shown in
Table IV.12. The figures in the table are based on the results from E3ME together with
expansion of the model results to take into account certain specific factors (see Section
3.7 for a detail description of the methodology).

The results in Table IV.12 are displayed in current prices so many of the negative figures
reflect price reductions (a lack of inflation) due to reductions in expenditure on
expensive energy products in the scenarios. The impacts include a mixture of public
sector savings (reduced expenditure) and costs (reductions in revenue).

On the income side, there are small reductions in energy excise duty and VAT revenues
(including VAT from energy), and revenues from auctioned ETS allowances. Deflationary
impacts in the scenarios also result in a small reduction in income tax revenues and
both employers’ and employees’ social contributions (in current prices). However,
revenues from corporation tax increase as firms make profits from cutting energy costs.

On the expenditure side, governments will spend less on energy after implementing
energy efficiency measures, meaning that investment in energy efficiency is essentially
paid for from reductions in government energy spending. There are also reductions in
other expenditures due to deflationary impacts in the scenarios and changes in social
transfers in the form of benefits. The impact of energy efficiency on healthcare costs,
mortality, morbidity and health-related productivity gains are covered separately in
Section 3 of this chapter and are thus not included in the ‘other expenditure’ category
here to avoid double counting.

As shown in Table IV.12, the overall budget change at EU level is positive for all policy
scenarios, ranging from €4,443m in scenario S1 to €28,104m in scenario S3 in monetary
terms. However, as many reductions in Table IV.12 reflect price reductions, it is better
to look at budget impacts as % of GDP (bottom line of Table IV.12). This shows an
estimated budget change of 0.02% of GDP in S1, ranging to 0.11% of GDP in S3 at EU
level.

Table 1V.12 Impact on public budgets, €m difference from Reference case at EU level, 2030
(current prices)

S1 S2 S3

Taxation (revenue)

Income taxes -1,424 -4,064 -5,700
Employees' social -398 -1,115 -1,072
Employers' social -1,039 -2,524 -3,506
Corporation tax 1,849 4,595 10,121
\"7:\} -1,471 -4,983 -10,622
Energy excise -1,098 -4,573 -13,288
Auctioned ETS 64 -803 -2,568
Property taxes 0 0 0
Other taxes 0 0 0
Expenditure
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Energy purchases -225 -1,442 -4,433
Social benefits -22 -109 -482
Support for EE 0 0 0
Health benefits 0 0 0
Investment in EE 1,454 3,213 6,786
Other expenditure -9,169 -26,760 -56,609

Overall budget change 4,443 11,632 28,104

EU28 budget change/GDP 0.02 0.05 0.11
(pp)

Source(s): Cambridge Econometrics

6.2 Impacts at Member State level

Figure IV.18 shows the estimated public budget impacts at Member State level. For
most Member States, the budget position improves due to higher levels of energy
efficiency, although the extent of these impacts varies. For most countries, the extent
of the impact is linked to the level of investment in the three policy scenarios.

Figure IV.18 Public budget impacts by Member State in 2030, as % of GDP
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Source(s): Cambridge Econometrics

7 Industrial competitiveness

The quantification of energy efficiency impacts on competitiveness is difficult due to
confidentiality issues. As noted in Part III Section 8, however, the competitiveness
impacts within industrial sectors are likely to be small as long as the focus of the energy
efficiency measures is on buildings.
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The key sectors that are likely to be affected by an increase in energy efficiency are
insulation and flat glass. The size of each sector will depend on the demand for their
products, which is in turn dependent on the policies implemented. In estimating the
future size of the sectors, the key assumptions are those made on the renovation market
growth rate for each scenario (see below).

Scenario S1
Assumption / renovation market growth rate: steady market (€55bn-€83bn per year)

Results / insulation industry market: steady market (approx. €7.5bn at EU level / 26%
of the global market (source: Eurima))

Results / flat glass industry market: steady market (approx. €10.8bn at EU level / 15%
of the global market (source: Glass for Europe'®))

Scenario S2

Assumption / renovation market growth rate: market multiplied by 1.45 by 2030
(€80bn-€120.3bn)

Results / insulation industry market: market multiplied by 1.45 by 2030 (approx.
€10.9bn)

Results / flat glass industry market: market multiplied by 1.18 by 2030 (approx.
€12.8bn)

Scenario S3

Assumption / renovation market growth rate: market multiplied by 2 by 2030 (€167bn-
€250bn)

Results / insulation industry market: market multiplied by 2 by 2030 (approx. €15bn)
Results / flat glass industry market: market multiplied by 1.4 by 2030 (approx. €15.1bn)

8 The value of buildings

Estimating the impact of energy efficiency on the value of buildings is also difficult, as
both sale and rental prices are influenced by a multitude of endogenous and exogenous
factors (e.g. location), as well as market conditions and general supply-demand balance.

There is, however, some evidence to suggest that better energy performing buildings
show shorter vacancy periods, have a lower loss of rental income due to changing
tenants and, as such, show a more positive operating impact for the owner. In the
commercial sector, buildings that fail to keep up with technological advances, including
widespread advances in energy efficiency, risk becoming obsolete, especially in
unfavourable market conditions (such as periods of low or negative economic growth).

The impact of this scenario in the value of buildings is at lower end of the scale, with
our estimates based on the findings of the literature review (see Part III Section 9 and
Appendix B).

Increased sale value of better performing buildings, 2030, compared to the reference
case:

= Service: +5.2% to +35.0%
= Residential: 0.0% to +14.0%

8 Figures reported by the interviewed experts from Glass for Europe
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Increased rental value of better performing buildings, 2030, compared to the reference
case:

= Service: +2.5% to +11.8%
= Residential: +1.4% to +5.2%
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Part V. Conclusions

The IEA (2014) has identified a range of multiple benefits that may result from improved
energy efficiency. There are also costs associated with energy efficiency, notably in
financing the initial investment, which may take resources away from other parts of the
economy. This study has aimed to estimate both the benefits and the costs of enhanced
energy efficiency in Europe, using a broad assessment framework. Our approach is
primarily model-based, using the E3BME macro-econometric model, with supplementary
analysis for impact areas that the model cannot cover. Wherever possible, results are
quantified.

The focus of the analysis is energy efficiency in buildings and, in particular, the EPBD.
The focus on buildings is partly because of the large potential energy savings that exist
across Europe, but also the direct relevance of many of the benefits (e.g. in health and
social welfare) that were recognised by the IEA and the wider research community.
Three scenarios of possible future outcomes for energy efficiency were assessed, based
on different implementations of a future EPBD. These scenarios are:

= Scenario S1 (Option I): Enhanced implementation and soft law, including clarification
and simplification of the current Directive

= Scenario S2 (Option II): Enhanced implementation, including targeted amendments
for the strengthening of current provisions

= Scenario S3 (Option III): Enhanced implementation and increased harmonization,
while introducing substantial changes

In each case the inputs to the scenarios have been derived from other EC studies, in
particular a study led by Ecofys!®, providing consistency with other reports. The
scenarios have been compared to a reference case in which there is no policy change.
Seven impact areas have been covered:

= economy and labour market
= health and well-being

= environmental impact

= social aspects

= public budgets

= industrial competitiveness

= the value of buildings

It should be noted that there is potentially considerable cross-over and interaction
between the different categories, some of which is captured in our assessment
framework. However, most important is to note that we avoid double counting of
impacts between the different categories?°.

Table V.1 summarises the key findings from each impact area. The table uses results
from scenario S3 as it has the largest impacts; for other scenarios the direction of results
is the same but the magnitude is less. The table shows that mainly positive impacts
were found in all impact areas?!; there could be a combination of economic, social and
(mainly) environmental benefits.

9 Boermans, T, Grozinger, J, von Manteuffel, B, Surmeli-Anac, N, John, A (Ecofys) Leutgdb, K and Bachner,
D (e7) (2015) ‘Assessment of cost optimal calculations in the context of the EPBD’ (ENER/C3/2013-414) Final
report. 19 November 2015, Project number: BUIDE13705.

20 An exception is the results for GDP and competitiveness; the increase in output for the insulation and glass
sectors also makes a small contribution towards the GDP increases. There is also a slight increase in material
consumption.

21 For the value of buildings the findings are positive in terms of values. It is noted that this is a positive result
for existing owners of buildings but not for renters or new entrants to housing markets.
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Table V.1 Key results from the analysis (EU level, scenario S3)

Direction of Key results, difference from no-
impact change scenario in 2030
(el i [ I AL NE]:LII[ N Positive GDP increases by up to 0.6%

HEGLG Employment increases by up to 0.25%
Substantial negative impact upon
extraction utilities (and those Member
States where this sector is largest)

Health and well- Positive Annual health cost savings of €180m

being Annual productivity gains around €10m

Environmental Mostly positive | Energy consumption reduced by 7%
impact

GHG emissions reduced by 6%
Material consumption increased by 1.2%
Land and water use reduced slightly

Social aspects Positive Potentially 1.5m-8m households
removed from energy poverty depending
on the extent to which Member States
adapt energy poverty alleviation as a
specific policy target.

Public budgets Slightly positive | Increase in annual public balances of
0.1% of GDP

Industrial Positive Potential increase in annual output of

competitiveness insulation and flat glass sectors, €5-10bn

The value of Positive Potential increase in sales values (up to

buildings 35%) and rental values (up to 12%)

It should be noted, however, that there are some key conditions that must be met for
the full benefits to be realised. These are summarised below:

= The EPBD and related policies must be implemented and properly enforced;
otherwise results will be weaker across all impact areas.

= There is an important question about how energy efficiency investment will be
financed. In the scenarios presented in this report it is mainly self-financed by
households. Other possibilities, for example linked to a revised Energy Efficiency
Directive, could result in greater economic benefits.

= Competitiveness and economic benefits will be maximised if the energy efficient
equipment and materials are manufactured domestically.

= Benefits for social welfare will be increased greatly if the EPBD recast includes
requirements to improve the energy performance of existing buildings and if these
improvements to buildings are targeted at households that suffer from energy
poverty.

In conclusion, the results from this study outline many potential benefits of improving
energy efficiency in Europe, and improving energy efficiency in buildings in particular.
The challenges for policy makers relate to an efficient implementation of an enhanced
EPBD and ensuring enforcement.
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Appendix A Short Description of EBME

1 Introduction

1.1 General overview of the model

E3ME is a computer-based model of the world’s economic and energy systems and the
environment. It was originally developed through the European Commission’s research
framework programmes and is now widely used in Europe and beyond for policy
assessment, for forecasting and for research purposes. It was applied in the recent
study for DG ENER that provided inputs to the assessment of 2030 climate and energy
framework and was also used in the previous Impact Assessment of the Energy
Efficiency Directive.

1.2 E3ME’s basic structure

The economic structure of E3ME is based on the system of national accounts, with
further linkages to energy demand and environmental emissions. The labour market is
also covered in detail, including both voluntary and involuntary unemployment. In total,
there are 33 sets of econometrically estimated equations, including the components of
GDP (consumption, investment, international trade), the labour market, prices, energy
demand and materials demand. Each equation set is disaggregated by country and by
sector. Each EU Member State is disaggregated and broken down to 69 economic
sectors, although for presentational purposes the sectors are aggregated to show key
impacts more clearly.

E3ME’s historical database covers the period 1970-2014 and the model projects forward
annually to 2050. The main data sources for European countries are Eurostat and the
IEA, supplemented by the OECD’s STAN database and other sources where appropriate.

1.3 The different modules in E3ME

Figure 0.1 shows how the three E’s or components (modules) of the model - energy,
environment and economy - fit together. Each component is shown in its own box. Each
data set has been constructed to conform with accounting conventions. Exogenous
factors coming from outside the modelling framework are shown on the outside edge of
the chart as inputs into each component. For each region’s economy, the exogenous
factors are economic policies (including tax rates, growth in government expenditures,
interest rates and exchange rates). For the energy system, the outside factors include
energy policy??> (including regulation of the energy industries and public energy
efficiency programmes). For the environment component, exogenous factors include
policies such as reduction in SO2 emissions by means of end-of-pipe filters from large
combustion plants. The linkages between the components of the model are shown
explicitly by the arrows that indicate which values are transmitted between components.

22 Existing policy will already be included implicitly in the historical data. Additional regulations limiting energy
usage can be added by the model user; pricing instruments can also be added separately.
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Figure 0.1 E3ME's modules
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1.4 Standard model outputs

As a general model of the economy, based on the full structure of the national accounts,
E3ME is capable of producing a broad range of economic indicators. In addition, there
is range of energy and environment indicators. The following list provides a summary
of the most common model outputs:

= GDP and the aggregate components of GDP (household expenditure, investment,
government expenditure and international trade)

= sectoral output and GVA, prices, trade and competitiveness effects

= international trade by sector, origin and destination

= consumer prices and expenditures

= sectoral employment, unemployment, sectoral wage rates and labour supply

= energy demand, by sector and by fuel, energy prices

= CO:2 emissions by sector and by fuel

= other air-borne emissions

= material demands

In addition to the sectoral dimension mentioned in the list, all indicators are produced
at the national level and annually up to 2050, although the analysis in this report focuses
on the period up to 2030.

2 How energy efficiency is modelled in E3BME

The modelling approach that is applied in this study broadly matches the methodology
that was used in the assessment of the Energy Efficiency Directive. The inputs to the
model are:

= estimates of energy savings (see Part III Section 2)
= estimates of the cost of these savings (also in Part III Section 2)
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= information about which energy carriers have been displaced (mainly gas or
electricity for buildings, forming part of the estimates above)
= an assumption about how the energy efficient goods are financed

The first two of these inputs are derived from the results from the study carried out by
Ecofys?3, further disaggregated using the approach described in Part III Section 2.

The assumption about financing is determined as part of the scenario design. In general,
it is assumed that the investment is made by the occupants of buildings, reflecting the
revised and better enforced regulation. For households, this investment may displace
spending on other things in the short run, while businesses may pass on the costs
through higher product prices.

Figure 0.2 describes the main economic linkages in the model. The two main inputs,
energy savings and the investment requirements are entered on the right-hand side.
Investment affects GDP and output levels directly, whereas changes in energy demand
have an indirect effect in most European countries via changes in trade patterns (i.e.
fuel imports likely to be reduced, while domestic production of other goods may
increase).

Figure 0.2 Main Model Linkages
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The lower left-hand side of the diagram shows some of the multiplier effects and inter-
dependencies in the model. Higher production levels lead to increases in employment
(and also wages, not shown on the diagram), in turn boosting incomes and expenditure.

On the top-left and far left of the diagram, we can see the impacts of financing the
energy efficiency measures. The nature of the impacts depends on the financing
methods chosen. At present the measures are financed privately so it is household real
incomes (net of the investment costs) that are affected.

One important aspect is the diagonal line from output and GDP to energy demand, which
represents the indirect rebound effect in the model. As production levels increase, there

23 Boermans, T, Grozinger, ], von Manteuffel, B, Surmeli-Anac, N, John, A (Ecofys) Leutgtb, K and Bachner,
D (e7) (2015) ‘Assessment of cost optimal calculations in the context of the EPBD’ (ENER/C3/2013-414) Final
report. 19 November 2015, Project number: BUIDE13705.
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will be an increase in energy consumption as well (all other things equal). Research
using a previous version of E3BME has shown that the rebound effect can be as high as
50% if measured in the long run at global level - i.e. 50% of the original energy savings
are lost through indirect increases in energy consumption.

Finally, the diagram does not show the impacts on greenhouse gas and other
environmental emissions, but these would be expected to fall in line with changes in
energy demand - with the extent that they fall depending on the fuels that are displaced.

Comparison with other exercises carried out for DG ENER

The modelling that was carried out by Cambridge Econometrics for DG ENER in early
2014 used a different approach to assess the effects of energy efficiency. In the previous
exercise the PRIMES energy systems model was used to assess the consequences of
energy efficiency programmes on Europe’s energy system.

While this approach was able to take advantage of the detailed representation of the
energy system in PRIMES, it meant that in the economic analysis there was no
endogenous treatment of energy demand, i.e. the indirect rebound effect was not
included in the analysis. As the rebound effect is the source of some of the multiple
benefits of energy efficiency, this approach is less appropriate for the current study. For
example, if lower energy