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1.Anner ocedur al | ssues

1.1 Lead DG and associated DGs

The preparation of the Impact Assessment statetieend of 2015. The inteservice group
meetings on this document were held on 27 April 2016. The lead Direeteeateral is DG
Energy. The services invited to the ISG were Agriculture and Rural Development; Budget;
Communications Networks, Content and Technology; Climate Action; CompetittmmoBnic

and Financial Affairs; Employment, Social Affairs and Inclusion; Enterprise and Industry;
Environment; Eurostat; Justice; Joint Research Centre; Mobility and Transport; Regional and
Urban Policy; RTD and Secretar@eneral.

The Impact Assessmeistsupported by:

- Analysis of impacts on the energy system using the PRIMES patrtial equilibrium model,
developed and used by the National Technical University of Athens (NTUA). A number
of energy efficiency scenarios were modelled to analyse the impadiféeoént level of
energy efficiency in 2030;

- Macroeconomic modelling using GEM3, a general equilibrium model, maintained and
used by NTUA; and macroeconomic modelling using E3MG, a mexpaometric
model run by Cambridge Econometricboth building orPRIMES results;

- Analysis of air quality impacts by the GAINS modwgderated by IIASA’ building on
PRIMES results.

- Industrial Energy Efficiency Model (IEEM) operated by ICF.

- The POLES model operated by the JRC to quantify impacts on internationaii¢esl p

This energy efficiency package forms part of a full set of 2016 proposals for climate and energy
policy under the Energy Union. It is assumed that all the other policies are to be implemented in
line with the conclusions of the European Council ofdber 2014.

1.2 Consultation of the Regulatory Scrutiny Board

The Regulatory Scrutiny Board of the European Commissemeived the draft impact
assessment report on 3 May 20H#d issued its positive opinion on 7 June 2016. The
Regulatory Scrutiny Boarthade several recommendatiofifiese aréaken into account ithis
version of thismpactassessmemneportas follows

1 The separate impact assessment reports on Articles 3 and 7larith®e beemrmerged
into a single documenthe issue of metering andllimg, in so far as electricity and gas
is concerned, is referred to the upcoming impact assessment on market design and the
present report only considers policy options in respect of thermal energy, regulated
solely in the EED.

1 It has been clarified (il\nnex 3)how energy efficiency achievements contribute to the
Effort Sharing Decision.

1 The potential contribution of existingnergy efficiency policies to the 2020 ap@30
target has beerxpanded and clarified in chapter 1.4.1 and chapter 5.6

1 More detd has been provided on the key policy areas for the achievement of the 2020
and 2030 targets in chaptet.1.

1 Thediscussion of the relationship betwedime appropriate mix of policy measures and
the energy efficiency targéir 2030has been expandead,chapter 5.6.
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1 Chapter4.1 describes in more detailow the policy mixes considered in this Impact
Assessment represent a eeffective approach.
1 A discussion on théradeoffs between imposing targets and unified measures and the
appropriate level ofost efficiency and flexibility for Member States has been developed
in chapter 5.2.
Energy povertywasfurtherassessenh chaptes Error! Reference source not found.
The link between the EU target and the 1.5 % energy savings requirement of Article 7 of
the EED has been explained further in chaptérand 5.6and ithas beemade clear in
chapter5.2 that binding measured this typewould need to béooked at again if it was
decided to adogiinding national energy efficiency targets.
1 An analysis of the policy option of an energy intensity target for 20B@&h was raised
by stakeholderdas beemdded in chaptes.3.
1 Chapters 5.2, 5.1.5, 5.1.6 and Annexl&ve beeradapted tdetter show the required
levels of investments and texplain how the required investments for the different
scenarios woultieed tdbe generated.
Chapters.1.2has beerlarified to better describe possible crowding out effects.
It has been clarified that the EED does not legally require the installation of smart
meters.
A discussion okensitivitieshasbeen added in Annex 4.
More explanation on monitoring and evaluatimas been given in chapter

= =4

= =4

il
il

The Board asked for the Reference scenario to be used as the bagainse which the impact

of energy efficiency policy options would be asses3dw results of théreference scenario
2016are indeedonsistenly reportesh theimpactassessmenA specific baseline assuming no
additional energy efficiency efforts and policies while achieving the other 2030 targets for GHG
and RES was not modelledowever,since allthe policy scenarioseed tancludei in addition

to energy efficiency policie$ the 2030greenhouse ga&sHG) and renewable energy policies

as agreed by the European Council in October 20B4EUCO27 scenario has been chosen as a
baseline to assess the impacts of energy efficiency policies only. The resschoosing
EUCO27 baselineis explained in chapter 4.1.4nd in Annex 4 of the impact assessment
accompanying the renewable energy initiative

1.3 Public consultation

A public consultation was launched on 4 November 2015 to collect views from stakshk@de
ortline surveyfor the review of théenergy Efficiency Directivelt accepted responses for over

12 weeks and closed on 29 January 2016.. It focused on certain aspects of the EED, namely
Articles 1, 3, 6, 7, 41, 20 and 24 , as outlined in the ewis Evaluation and Incgpn Impact
Assessment Roadmdpsin line with the Better Regulation requirements and to assure
transparency, submissions were published on the consultation website, unless confidentiality
wasrequestet]

! Full report available on DG ENER websithttp://ec.europa.eu/energy/en/consultations/consultation

reviewdirective 201227etenergyefficiency.

2 http://ec.europa.eu/smart
regubtion/roadmaps/docs/2015_ener_062_evaluation_energy_efficiency eed en.pdf

3 https://ec.europa.eu/energy/en/consultations/consultegidaw-directive 201227etenergyefficiency.



http://ec.europa.eu/energy/en/consultations/consultation-review-directive-201227eu-energy-efficiency
http://ec.europa.eu/energy/en/consultations/consultation-review-directive-201227eu-energy-efficiency
http://ec.europa.eu/smart-regulation/roadmaps/docs/2015_ener_062_evaluation_energy_efficiency_eed_en.pdf
http://ec.europa.eu/smart-regulation/roadmaps/docs/2015_ener_062_evaluation_energy_efficiency_eed_en.pdf

The online survey was dided into twoparts the firstcoveredmore general questions, the
secondcovered more technical one®n Articles 6 and 7)Respondentsvere invited to answer

all questions deemed relevant. A functional email addresEmatedso as to assure additional
guidance for participants, if required. The introduction of the consultation was translated into all
24 EU languages, which were published on the consultation website. To assure transparency
both preliminary contributions as of 26 January 2016, and fioatributions as of 29 January
2016 were made publicly available as Excel fil@he survey received 332 submissions, and
additional 69 documents were submitted to fiectional email address, either complementary

to orin lieu of surveybased submissns.The greatest number obntributions were submitted

by industry associations (14Gllowed by private companies (47) and NGOs (33). A total of

18 central public authorities submitted contributions, including 17 from within the EEA. Of the
17 centralpublic authorities from within the EU, 4 requested to remain anonymous. The
remaining 13, all of which represented Member States, were from Austria, Belgium, Croatia, the
Czech Republic, Denmark, Estonia, Finland, France, Hungary, Latvia, Lithuania, the
Netherlands and Slovakia.

Main findings on the general questions related to the EED and the energy efficiency target
20303

1 Member States expresste viewthat the EED, ETS and the ESD are instruments that
work together to meet the EU's overall energy eimdate objectives. It was seen by one
Member Stateas positive that the EED had led to additional energy efficiency actions
and to establishing a common framework for energy efficiency at EU level. Views
highlighted the complexity of the existing legiste, and some Member States
expressed a view that there were benefits to be gained from possible simplifications of
the legislation. Severdflember Statesinderlined the centrality of articles 3, 7 and 24
and in combinationfor the working of the Dirdtve. The issue was raised in one case
that the Member States have had little time to implement thedfieRhatt would have
been an advantage to have more time and in consequence progress with respect to
implementation was partial.

1 One Member Stateaised the question of the benefits of the EED for driving energy
savings compared to the Energy Services Directive. In another case a Member State
expressed the view that to avoid situations whdember Statesurtail efforts to
improve energy efficiency loause they consume less energy than planned (for instance
due to exogenous economic shocks or structural changes in the economy), it could be
considered to makenergy efficiencyefforts mandatoryegardlessof the economic
situation of a country.

1 The view was expressed by one Member State that legislation should take into
consideration both differences acrddsmber Statesn terms of past experience with
Energy Efficiency Obligation Schemes and the same yearly saving requirement may not
be appropriate foall Member States.

1 OneMember Statesaw the EED's main contribution to be to the achievement of wider
GHG reduction target. This Member State expressed the view that the importance that
reductions in GHG emissions from nenergy activities due to chargean the
production chain were not taken into proper consideration in this context.

https://ec.europa.eu/energy/en/consultations/consultegidaw-directive-201227etenergyefficiency.



1 Most stakeholders agreed that the EED has successfully established a comprehensive
energy efficiency framework for the EU. Several also expressed the view that the EED
hasbeen a key driver of initiatives in Member States, as evidenced, for example, by the
extent to which Energy Efficiency Obligation Schemes (EEOSs) have been implemented
across the UnionRespondentslso underlined, however, that the present framework
remans complex, and that Member States require additional guid&espondents
requested the Commission to focus more on the transport sector, monitor Member States'
progress, and, if necessary, sanction-compliance.

1 31% of the respondents shared the Vilkat the 2030 target should be expressed as both
primary and final energy consumption, versus 23% who wanted it to be presented in
terms of energy intensity. A large majority (73%) shared the view that energy
consumption should be targeted irrespectivéso$ource (i.e. that savings in renewable
energy, for example, should continue to be taken into account).

1 A variety of views were expressed on which factors should be taken into account for
determining the target for 2030.

0 Several stakeholders expressied view that when setting a new target for 2030
one should take into considerations that the current framework based on an
indicative EUlevel target and a mix of binding EU measures and national action
had proved to be effective in reaching the 2020 Bjdaiives.

0 Many stakeholders expressed that the target should be ambitious.

A Some saw an ambitious energy target as a-affesttive means to
contribute to the achievement of the energy and climate goals of the EU.

A Several stakeholders highlightehe ageement at the CGR. The EU
needs to live up to the Paris agreement and increase its climate and energy
targets for 2030 accordingly.

A Representatives from industry that supported an ambitious goal for 2030
underlined the importance of a commitment at H®vel to
competitiveness.

A It was also expressed that the current low ETS prices increased the need
for a high energy efficienctarget, to achieve all the goals the EU energy
and climate policy.

0 A further argument was that many Member States will nttef own accord go
beyond the minimum European legislation, and the EU should therefore set a
sufficiently ambitious target to be confident of meeting its goals. In this regard
some stakeholders highlighted the varying intensity of ndtiomalementation
across Member t&tes. In one instance the stakeholder referred to interviewed
experts who claimed that the EED had been the sole driver for the introduction of
energy efficiencyneasures in certain Member States.

0 Some stakeholders' experience with Mentbites' implementation of measures
to reach the current EU 28 2020 target is that an overatbimahiing European
efficiency target will not be met unless the targets and associated measures set
down in EU legislation are not sufficiently ambitious frdme beginning.

0 A recurring theme from some stakeholders was that in their view energy
efficiency is a policy that has general welfare benefits through contributing to
value added, investment and jobs. As the energy efficiency gap is considerable
there is arassociated potential for substantial gains.

o Interaction with other goals: Several stakeholders expressed the importance of
policy coherence with the other energy and climate goals.

A One factor that should be taken into account when setting an energy
efficiency target is that barriers to energy efficiency in part cannot be
effectively dealt with by market instruments. An energy efficiency target
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complements the ETS. On the other hand, other stakeholders' view was
there was room for reducing policy overlagtween ETS and EE.

A The EED should be seen as a tool to help achieving the goals of the effort
sharing decision and there is a potential for positive synergy which could
be further developed.

A Interaction with RES target: one should take into consideratatrittwill
be easier to achieve the RES target by reducing final energy consumption.

o Stakeholders in general agreed that efficiency was an important criterion for
setting the target.

0 The target is also seen as important to raise awareness among Stkehwloss
Europe.

0 Representatives from industry focused among other things oeftestiveness
when designing the target, and in particular on the importance for industry's
competitiveness of minimising the administrative burden.

o0 A view expressed by seral stakeholders was that the European Commission
should propose a target that takes into consideration the EU principles of
subsidiarity and proportionality. Furthermore, when defining a target atioss
should be madéor differences between Membetags. The main rationale for
energy efficiency can vary between Member States with a different emphasis on
competitiveness, security of supply and reduced impact on the climate and the
environment. Some others focused on the interactions between theatadghe
measures necessary to reach it, and that the design of the target would to some
extent determine the mix of cesffective measures.

o Stakeholders highlighted also that the target set should serve to drive national
energy efficiency policies andotprovide a good mix between providing
flexibility for Member States and the need to achieve the target.

Main findings on thestakeholder's vieweelated to Article 7(energy savings obligationgnd
Articles 911 (metering and billing) of the EED

1 Article 7: Energy Efficiency Obligation Schemes (EEOSSs)

A large majority (68%) thought that Article 7 is an effective instrument for achieving final
energy savings, versus 32% who opposed this view. Article 7 was seen as significantly
stimulating the European emyy efficiency service market, while simultaneously granting
Member States valuable legislative flexibility. The three main barriers identified by participants
to implementing Article 7 effectively were:

1 A 'limited timeframe (2014020) that makes it hartd attract investment for long term
measures' (115);

1 A 'high administrative burden' associated with certain measures (113); and

1 'Ensuring sound and independent monitoring and verification of energy savings' (104).

Amongst those who favoured the extension of the policy, several argued that as savings could
only be calculated up to 2020, the current scheme would discouragg¢etamgneasures
towards the end of the legislative period. This contrasted with the assessn&?% who
thought that most measures introduceedate under Article 7 have long lifetimes, and
corresponded with the view of 63% who stated that the policy should continue beyond 2020.

More than half (57%) disagreed (39%) or even strongly disagrE&d)( however, that the
current 1.5% energy savings target is adequate, versus 26% who either agreed (23%) or strongly
agreed (3%). Some explained that savings could not increase linearly, and that logarittanic
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is, marginally decreasing gairiswould be more realistic. Others made the case that energy
suppliers are the wrong target group, as they neither primarily generate nor consume energy. Yet
others pointed out that a 1.5% target is only marginally above the 1% natural rate of energy
efficiency gans, and that the target would have to be more ambitious to comply with the new
climate goals ratified during the 2Conference of the Parties of the United Nations Framework
Convention on Climate Change (C@B to reduce global greenhouse gas emissams
stabilise global warming at £5°C.

Participants were divided on whether EEOSs should have specific rules for vulnerable
consumers, with 35% opposing such rules and 30% being in favour of them.

54% either strongly disagreed (36%) or disagreed (18%i)the option of establishing an EU
wide 'white certificate’ scheme for energy efficiency gains should be considered for the post
2020 period; 25% had no view, while 21% were in favour of such a scheme.

1 Atrticles 911: Metering and billing

43% sharedthe view that the EED's provisions on metering and billing are sufficient to
guarantee consumers easily accessible, sufficiently frequent, detailed and understandable
information on their energy consumption; 32% opposed this view and 25% had no spewific vi

on this. Nearly half (47%) did not think that conditions such as technical feasibility or cost
effectiveness should be harmonised across the EU, as such conditions would vary too greatly
between Member States. The greatest obstacles identified toeaskeate roll out of smart
meters were cost effectiveness and consumer acceptance. Regarding the latter, many noted that
smart meters would raise a number of data protection and cyber security issues. One Member
State was cited several times as an exampleow to address such concerns: citizens are
entitled to 'opt out' of the smart meter scheme, but if they withdraw they may not track their
energy consumption online. They would nevertheless be required to provide accuaai® dat
their respective utility.

1.4 Overview of Member States' positions on Article 7 (to Public Consultation)

17 Member States (MS) including Norway (referred to as a MS for the case of simplification in
the following) expressed a view on Article 7 in the Public Consultation relating to the review of
the EED. Three of these MS asked not to be identified.

Generakffectiveness of the provision

Out of 17 MS that participated in the public consultation relating to article 7, eleven MS
expressed an explicit opinion on the effectiveness of Article 7. Six MS considered the Article to
be effective and five Member Statesnsidered that Article 7 is not an effective instrument to
achieve final energy savings.

Six other MS considered Article 7 either to be of some limited effectiveness or refrained from
answering the question. One MS, while not expressing a stance ganéel effectiveness of
Article 7, estimates that the current rules exclude certain effective measures, while allowing
ineffective ones. Another MS considers specifically Energy Efficiency Obligation Systems
(EEOS) to be an effectivenols

Potential beafits of EEOS




Respondentsvere asked to express agreement / disagreement on a list of defined potential
benefits of EEOS.

Out of 12 Member States that expressed their opimoost consider EEOS to have the
following potential benefits

1 Better awareness adnergy efficiency potential by consumers (10 MS agree, 2 MS
disagree)

1 Development of new financial models (8 MS agree, 2 MS disagree)

1 Stimulation of energy efficient potential of buildings (7 MS agree, 3 MS disagree)

1 Improved business and administrater@vironment for upcoming innovative services (7
MS agree, 2 MS disagree).

Furthermorea relativemajority of MSthat respondedonsiders EEOS to have the following
potential benefits

1 Increased competitiveness in energy markets (5 MS agree, 3 MS djsagree
1 Better relationship between energy suppliers, distributors and customers (5 agree, 3 MS
disagree).

In contrast, a relativenajority the of Member Statdbat respondedo not share the viewhat
EEQOS have the following benefits:

1 Lower energy bills foransumers (6 MS disagree, 5 MS agree)

1 Aggregation of small scale investments (5 MS disagree, 2 MS agree)

1 Lower energy generation (and transmission) costs for utilities (4 MS disagree, 3 MS
agree).

In the free text comments, one MS pointed to the favdeirabntribution of EEOS t&GHG
Emission Reductions.

One MS, while considering that EEOS generally lowered consumers' energy costs and tend to
cost suppliers less than originally anticipated, noted the regressive effect of EEOs costs on
consumers compare® taxes: The MS noted that low income households would contribute
more financially to an EEOS obligation scheme than tditenced efficiency measures.

Similarly, another MS expressed views about negative impact of having an EEOS which would
translate ito higher energy prices, and sees the suppliers' claim that EEOSs would lead to
increased bills to consumers as a challenge.

Nine MS consider that most measures triggered by EEOS have long lifetimes and will have an
impact beyond 2020 and two MS think tils@imemeasures have such a long tempact. The

longi term impact of measures relating to buildings was highlighted by some MS in their free
text answer.

Eight MS think it is inappropriate to design a system where EEOs include elements for
increasing theshare of renewables. However one MS is in favour and opessses an
intermediate view.



Maior barriers to implementing Article’7

Most participating MS identified as major challenges/barriers to implementing Article 7:

f High administrative burdén
T Developing the calculation methodology in line with the requiresArticle \/’
f Ensuring sound and independent monitoring and verification of energy Savings

Potential for simplification

Eleven out of the 16 MS tha¢sponded tathe public consultation considered the current rules
related to Article 7 in their free text replyenerally as too complex and/or posing a high
administrative burden and mostly asked for the simplification of the rules and two further MS
ask for simpleeasily understandable rules for any future amendments to be adopted.

Six MS highlighted the administrative burden/complexity and costs specifically related to
Monitoring and Verificationpne MS pointed to the administrative burden for enterprises.

Three MS called in their free text contributions explicitly to redsteamline the reporting
burdenof M S and three MS consider that the calculation requirements applying to savings is
too complex. MS should have more leeway to calculate savings (threM&MS regrets the
absence of atandardised calculation to@nd another MS suggested introducing a reporting
and monitoring tool relating to Eurostat data. Three ddnsider Article 7 or pivotal provisions
thereof to be unclear. However, with regasdhe provisions of Annex V, three other MS see no
need for clarification.

In contrast, clarification was asked on:

1 Explaining better materiality (2 MS)

1 Which price elasticities can be used (one MS)

1 How to deal with confidential information from enterpasehich needs to be reported to
the Commission (one MS)

1 More guidance on how to calculate savings (two MS), in particular scaled savings and
savings from soft measures (one MS).

1 Which renewables are eligible (one MS)

More flexibility vs harmonisation

Five MS considered in their free text comments the architecture of Article 7 overall as too
restrictive, and ask for more flexibility for Member States to achieve their savings and one MS
asks to be able to use the tools they have already in place. One M@ernise rules on
eligibility of measures already now as too restrictive. One MS asks that the current degree of
flexibility is maintained.

In their free text replies, two MS warn against limiting the number of eligible alternative
measures in the future.

° The public consultation ask ttick up to five options for identifying main challenges or barriers to
implanting Article 7 in the respective countries.
8 out of 13 MS
! 10 out of 13 MS
8 10 out of 13 MS
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Participants were asked to express their views on the harmonisation of a defined list of the
requirements of Article 7 in order to allow more consistent implementation in Member States.
The 13 MS expressed rather divergent views on harmonisation. Fouar&@gainstany
harmonisation of the requirements indicated above. In contrast three three MS asked for a
harmonisation oéll indicated requirements.

Al | in all Me mber Statesd® Pro and Cons for m (

Calculation methds (6 MS yes, 7 MS no)

Materiality definition (7 MS yes, 6 MS no)

Additionality (7 MS yes, MS 6 no)

Lifetimes (7 MS yes, 5 MS no)

Price demand elasticities for taxation measures in real terms (6 MS yes, 5 MS no)
Indicative list of eligible energy savingeasures (5 MS yes, 5 MS no)

Monitoring and verification procedures (5 MS yes, 8 MS no)

Reporting (6 MS yes, 6 MS no)

= =4 =8 -4 -4 -8 -8 -9

Clarifying and expanding the scope of the eligible measures beyorngsendavings

Three out of 12 MS see no need to clarify the sadpke eligible measures, one MS fears that a
clarification would curtail the flexibility of MS. However, nine out of 12 Member States ask for
expanding the scope of admissible measures beyondisamdsavings with regard to the
following measures:

1 Measurs to switch fossil fuel heating and cooling fully or partially to renewable energy

(e.g. through individual appliances, district heating and cooling, centralised distributed

units supplying larger building complexes or groups of buildings) (8 MS)

Savingsfrom energy management systems (7 MS)

Primary energy savings from the utilisation and recovery of waste heat (e.g. in district

networks) (7 MS)

1 Measures to increase efficiency of district network infrastructure and generation,
including through thermal stage facilities (7 MS)

1 Measures to make energy generation from small scale generation more efficient, below
the ETS threshold (7 MS)

1 Switch to seHconsumption, autgeneration and energy positive buildings (7 MS)

{1 Participation in demand response, inclggirom providing storage capacities (3 MS)

= =4

Furthermore, MS ask in the free text replies to expand the scope of eligible measures to:

All measures (one MS),

To more measures (one MS)

Use of electric vehicles (one MS)

All on-site generation of energy (0MS)
Use of renewables (one MS)

= =4 =4 -4 =9

Each of the expansion of eligible measures is asked for by one Member State.

Reqguest to relax the rule on the 'additionality' requirement

Nine MS see in their free text comments the requirement of additionality critica&lythe
requirement that allows measures only to be counted if they are not demanded by existing EU
legislation.
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Of these, three Member States ask explicitly to remove the additionality requirement
completely); two other MS want to remove it with redyam buildings and products. Two MS

are concerned with the additionality specifically relating to the EPBD and ask for a "Review on
the interaction of EPBD and EED" (one MS) or suggest merging both directives (another MS).
Three MS consider the rules ond#tbnality generally to be unclear. In contrast, two MS see
positive synergies between the EED and EPBD.

Review the concept of Materiality

In their respective free text comments, five MS ask to review or clarify the concept of
materiality, one MS suggesis abandon the materiality criterion altogether.

Is the 1.5% savings rate in Article 7 adequate?

Seven MS suggest that the current level of energy savings of 1.5fedéh Article 7 is
adequateOf these, 3 MS ask not increase the ambition of the savewuirement.

Four MS consider the savings requirement to be too.hfghong these, the following
comments were made:

1 National GDP and growth should be taken into account for target definition;

1 Climatic conditions should be taken into account;

1 The saving requirement of 1.5% used to be ok at a time when the Directive was agreed
upon but has turned out to be too ambitious;

Four MS expressetthe followingintermediate viewssuch as:
1 The savings requirement might be considered to be appropriate buthgybom the
light of the Commission's interpretation of the rules.
The savings requirement should be defined at national level
One MS ticked the box for considering the savings requirement to be inappropriate, but
considered in its free text responsetdnget to be at the upper [acceptable] limit.
1 Another MS expressed and ambiguous view

il
)l

Lifting the Sunset Clause under Article 7

15 Member States expressed views on continuing the current framework of Article 7 beyond
2020 with a view of the new energyieféncy target of 2030 ("Lifting the sunset clause”).

Four Member Statesxpress themselvaa favour of lifting the sunset claus&he following
views were put forward:

1 The size of the reduction should depend on the overall indicative target and the
contibutions from other energy efficiency measures;

1 Payback time should be taken into account when setting savings requirement;

1 The possibility of excluding sales in transport from the baseline should be excluded,

1 All exemptions under Article 7 (2) should brcluded;

1 Possibility for banking and borrowing energy savings should be kept.

T The savings requirement should be deci de
Assessment

l
Seven MS are against lifting the sunset claasé; another MS is reluctant to suppdting the
clause.

Among these MS the following comments were made
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1 Indicative target for 2030 sufficient, as Article 7 is complex and burdensome.

o However, if sunset clause if lifted, eligible measures should not be further

restricted.

1 The CouncilConclusions of 2014 agreement stated that there will not be nationally
binding targets: lifting the sunset clause would constitute such a target.
Better to set targets at sector level, while taking macroeconomic indicators into account.
Reluctant to lift he clause, due to restrictive current rules of energy savings calculations,
lack of promotion of cosgffective measures and insufficient focus@HG reductions

= =4

Three MS express intermediate views.

1 Lifting of the sunset clause to be discussed, in pdaidn the view of the bureaucratic
burden;

1 Level of ambition to be reviewed in the light of lower energy prices and the positive
impact of efficiency measures already in place;

1 Another MS ticked the box of being not in favour of lifting the sunset claDsethe
other hand this MS but expressed in its free text reply mostly a preference for a
continuation of the status quo: MS should continue to have the [current] choice between
EEOS and alternative measures, which allows MS to have the most efficierf mix
energy efficiency measures.

White CertificatesTransfer of savings between MS

Two MS expressed a preference for considering the introduction of awidgJwhite
Certificate Scheme, eight MS are against, three MS express intermediate or indifeawsnt v

Retail Price requlation

In its free text comment, one MS emphasizes the adverse effect of price regulation on energy
efficiency.

1.5 General Issues Raised with Member States in the EU Piloté Article 7

This chapter gives a brief overview of the issuksified with Member States related to the
implementation of Article 7 since 2014.

1. Eligibility/materiality:

do measures have to be primarily aimed at energy efficiency?

or is it sufficient that there is a (measurable) energy efficiency?gain

do themeasures have to result in a reduction of sales of energy to final customers?
free riders how do Member States work out what would have happened anyway?
How are lifetimes proved?

=4 =4 =4 -8 -4

2. Additionality:

1 What should be considered the "EU Norm" under the EPBD?
1 how does additionality work in relation to directly applicable ecodesign measures?
1 How doMS show that a measure speeded up thake of a compulsory norm?

3. Monitoring and verification:

1 What is a "statistically significant proportion and represerdgatample"?
13



1 How is the independence of the checking system ensured?
4. Calculation of saving requirements

Discrepancies with Eurostat data

Use of exemptions leading to more than 25% reduction

Own energy use

Art 7(2)d)T how to show that "early actionsbntinue to have an effect after 20207?
How to avoid double counting?

Article 7(7)c) and "banking and borrowing"

= =4 =8 -8 4 -4

5. Calculation of savings:

1 Final/primary energy?
9 Use of elasticities in taxation measures
1 Use of climatic variations

6. Energy Efficiency Obgjation Schemes

1 Relationship with National Energy Efficiency Fund?
1 Publication of savings of obligated parties
1 Social aims?
q Are savings by 8 parties allowed?
7. Alternative measures:

1 How to prove energy savings from "behavioural" measures sunfoamation
campaigns?

1 What if progress towards savings is not satisfactory?

1 How to ensure that only one party claims the savings?

1 How does the requirement to have penalties work in relation to alternative measures set
in place by the State? Should it psimitself?

1.6 Other consultations

More targeted consultation with Member States took place through the EED Committee of 2
February2016and Concerted Action meeting of-18 March 2016.

Further stakeholder inputs were collected through the organisatiadheofatic workshops,
notably on Monitoring and Verification (of 3 February) and on trading of energy savings under
Article 7 (of 29 February).

Findings of the workshop on trading of energy savings under Arti28 February)

12 Member States and 15 sth&klers attended the workshop. The discussion was preceded by
presentations on the existing national White Certificate Schemes in France, Italy, Ireland, and on
Energy Efficiency Obligations in some US States.

Overall, no support was expressed as regastablishing an EU trading system for energy
savings or an EU White Certificates Scheme at this stage. The following arguments were
mentioned by the participants as major impediments for -toster trade

o Complexity of rules that a EWide trading systerwould imply;
14



o The divergent and incompatible national Monitoring and Verification systems to

account properly the traded savings, which would hinder a-doosger clearing

of trades;

Incompatibility of specific national policy objectives and

o Political necessity to see national savings efforts translated in material efficiency
gains at a national level (dilemma betweavho pays and who benefits from the
trading).

(@)

Conclusions of thetakeholder event on the EED Review (14 March 2016):

A dedicated stakeholder event on the policy options took place on 14 KMaiéhand the
discussion fed imt the impact assessment proceSesme 282 representatives from Member
States and Stakeholders' European umbrella organisations gathered on 14 Mdrcim 20
Brussels to react to the evaluations, problem definitions, and policy options raised in the
framework of the review processes of the Energy Efficiency Directive (EED) and of the Energy
Performance of Buildings Directive (EPBD). The event was orgdrasea consultation in the
framework of the Better Regulation Initiative.

As regards the energy efficiency target for 2030, there was considerable interest from
stakeholders in the target and many stakeholders expressed views on both design, in particular
whether it should be a binding or nrbmding target and the level of ambition for 2030.

Analysis of energy efficiency levels up to 40% in 2030 was supported by the majority of
stakeholders who expressed their views, while views differed with regarde tdiricling
character of the 2030 target and on the expression of the target in terms of final and/or primary
energy consumption. Some of the participants asked for an explicit analysis of options in case
indicative targets or national plans for 2030 woutat deliver the required level of energy
savings in 2030. In addition, it was highlighted that the EED framework needs to be coherent
with the ETS, the Effort Sharing Decision and the RES Directive.

On Article 7 on energy efficiency obligation schemesedtakders did not express the view that
the clause should not be extended. Stakeholders expressed different views on whether the scope
should be broadened to also take into account savings from additional use of renewables.

Concerning Articles 9 to 11 on teging and billing, there was considerable response from the

stakeholders on these articles, with discussion also focusing on interaction with the internal
energy market. Views from stakeholders varied on the needojperethe articles.
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2 AnneWho aif§ ect ed?

2.1 Articleland 3

The entire economy, including households, the public sector and various economic sectors are
affected by the above mentioned problem:

1

il
il

Member States authorities at national, regional and local levels, as they are responsible
for planning and implementing necessary energy efficiendycyp@nd legislation.
Member States can benefit from lower energy bills, economic growth, employment
impacts and improved energy security of supply.

Households, in particular low income households,hinige affected if remaining cest
efficient energy saving potentials are not exploited as high energy bills affect their well
being e.qg. if those households cannot keep their houses warm or cool in the summer.
European companies might improve their competness by further developing energy
efficiency, particularlyas it better protects them against energy price differentials. This
also holds for small and medium size industries which have high share of energy costs
related to total production costs andwd benefit from investing in energy efficiency to
lower their energy purchasing costs.

Producers of energy efficient equipment and appliances will benefit from increased
demand for their products, while energy suppliers will be affected by reduced demand
European citizenshouldbenefitfrom a better environment.

Stakeholders outside the EU are also affected as climate change is a global problem, which goes
beyond the boundaries of the European Union. In this context, ambitious and successful EU
energy policies can be replicated by third countries.

2.2 Article 7 and 9-11

1

= =4 =4

= =4

Member States' authorities at national, regional and local levels, as they are responsible
for planning and implementing necessary energy efficiency policy and legislation
Consumers who could benefit from energy savings and reduced energy billesadt a

of lower energy consumption and accurate, clearer additional billing and consumption
information

Industry in general, which equally benefits from reduced energy. costs

Non-SMEs as thgare subject to energy audits every four years

SMEs as MembeStates are encouraged to offer voluntary energy audits or energy
management systemstteem.

Obligated parties (energy distributors or retail energy sales companies), participating and
entrusted parties (enterprises or public authorities involved nyicgrout the energy
efficiency measures) affected by Article 7 of the EED

Investors who may obtain greater investment security and stable investment return

Other financial actors, such as commercial banks, which may benefit from increased
business opptunities.
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Table 1: An overview of the stakeholder graips affected by this initiative

Stakeholder Article 1 and 3 Article 7 Articles 9-11

group

Member State¢ Will be responsiblg Will be responsible fol Will be responsiblg

authorities for planning and planning and implementin| for planning ang
implementing necessary energy efficien( implementing
necessary energ policy in view of the nex| necessary energ

efficiency policy to
achieve the energ
efficiency target
2030, they car
benefit from lower
energy bills,
economic  growth
employment impact
and improved energ
security of supply
etc.

obligation  period;  Will
benefit from the cohereng
and complementarity wit
the other legislation a
Article 7, e.g. will contribute
to the achievement ahore
ambitious GHG emissio
reduction targets under th
Effort Sharing Decision fo
2030;

efficiency policy

Obligated partie

(energy
distributors

retail
sales

companies), an
participating anc
entrusted partie

(enterprises
public
authorities)

energy

or|

0]

X

Will be carrying out the
energy efficiency measure

and work with the
consumers, includin
auditing the savings ensurir
reporting to the
implementing publig

authority; Will benefitfrom
lower administrative burde
as a result of simplificatio
of what savings can b
counted under Atrticle 7
especially those targeting tk
energy efficiency
renovations;

Obligated parties will benefi
from the improved
reputation and better
relationshipwith consumers
thanks to consumer oriente
business approach; Utilities
will benefit from lower
energy generation (and
transmissiongosts for the
utilities

District
heating/cooling
companies as well g
owners or managelt
of multi-
apartment/purpose
buildings or service
providerswill have to

be involved in
implemening the
new billing and
metering rules an

adjust their processe

Consumers With an ambitioug Consumes will bear someg Consumes of
energy efficiency costs of energy efficienc centrally  provided
commitment off measures, and will benel thermal energywill
Member States from reduced energy bills § benefit from more
consumers  benef| a result of energy efficienc frequent, accurate
from an improved improvement measures al clearer additiona
energy efficiency billi ng and
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framework/measure
which  will  help
consumers to beg
the costs of the
energy efficiency
measures, and the
will benefit from the
reduced eergy bills,
higher living
standards, healt
benefits etc.

lower energy consumption;

The energy poor will benefit
from the continued policy a
Art. 7 targets mostly energ
efficiency renovations o
existing buildings,
Consumers wilbenefit from
increased awareness of t
benefits of energy efficiency
and possibly better T
customer orientedervice by
the energy providers.

consumption
information.

Businesses
including SMEs

Will  benefit
increased  busines
opportunities and
innovation with an
ambitious 203(
energy efficiency
target

from

Will benefit from increasec
business opportunities ar
innovation (energy
performance contracting
and competitiveness relats
to the more deeloped
energy services market;

Demand for energy service
would require more skKillg
and jobs to perform th
renovations and installatio
of the energy efficiency
measures.

Will  benefit
increased
opportunities
innovation.

from
busineg
and

Investors ad
financial actors

Play a crucial role tc
provide smarti
financing  solutions
for energy efficiency
investments in orde
to exploit energy
efficiency potentialg

to achieve the 203,
energy efficiency
target

Investors will have greats
investment  security an
stable investment return af
may benefit from increase
business opportunities;

actors such &
commercial banks  wil
benefit  from increase

Financial

business opportunities.
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3 Annexnteractions wi t h ot her e |
cli mate framewor Kk

3.1 EED interaction with the EPBD, ecodesign and labelling

The 2012 Energy Efficiency Directive establishes a set of binding measures to help the EU
reach its 20% energy efficiency tatgey 2020. The EED sets the overall energy efficiency
framework whichrequires Member States to ensure that energy is used more efficiently at all
stages of the energy chain from its production to its final consumption. New national measures
have to ensurenajor energy savings for consumers and industry alike. These thave
achieved by taking into account teeistingrequirements set by the relevant legislation:

a) Minimum standards for new/renovated buildings (EPBD) and new products
(ecodesign), so thathven consumers do invdsiey take into account existing European
and national standards amide set of investments available to them excludes those
which have a weak case onttee costs and benefits are looked at over the life cycle;

b) Information requiremes for buildings (EPBD) and products (energy labelling) so that
consumers which invest can reliably identify the energy performance of the building or
product.

It also complements the implementation of other aspects of the EU's energy efficiency policy.
For example the Energy Performance of Buildings Directive (EPBD) sets minimum energy

requirements for new or renovated buildings but contains no requirements as to how many
buildings must be renovated, or by when. By contrast Article 7 requires actual saemys,

and therefore encourages building renovations to take place in practice. Likewise, energy
labelling requirements inform consumers of the efficiency of appliances, but a government
information campaign will actively encourage consumers to buethmse efficient appliances.

The EED, and in particular Article 7, can therefore be seen as a 'pull’ factor in terms of
increasing the take up of the linked policies.

Studies show that: (i) minimum standards and information requirements are havingedfgciod
on thequality of investment; (ii) theate of investment continues to be a problem, and this has
been worsened by the recession.

3.2 Effort Sharing Decision/ Regulation

Energy efficiency targets have a link with climate targets and in particular the Effort Sharing
Decision (ESD) that defingSHG emission reduction targets for Member States for the years to
2020. This is because the level of the target for energy efficiafloences the amount of GHG
reduction achieved in sectors covered by the ESD. Energy efficiency policies contribute
significantly to the takeip of energy saving technologies in buildings, industry and transport
and energy efficiency measures are a-effgictive way of helping Member States acliéive

effort sharing targets. Assessing the level of energy efficiency for 2030 is therefore closely
linked to the Commission's proposal for a new Effort Sharing Regulation {E®R)ow to

9 COM(2016)48.
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achieve a 30% reduoh in GHG emission in the no&ETS sectors (comprising effort sharing
sectors and LULUCF) in 2030 compared to 2005.

The European Council has agreed on a-B®8 target (comprising ESD and LULUCF) for
2030 of-30% below 2005 levels, the latter to be inmpénted by national binding targets. The
European Council also concluded that the national reduction targets for tH€l 8osectors
should be set based on GDP per capita differentiation, keeping them in a range fror40% to
compared to 2005. However ttergets for Member States with a GDP per capita above the EU
average should be relatively adjusted to reflect-effsctiveness in a fair and balanced manner.
As the coseffective energy efficiency potential differs significantly between Member States,
the different energy efficiency levels for 2030 can affect emission reduction potentials and costs
in Member States to a different extent. Therefore two different levels of the 2030 energy
efficiency target are also taken into account in the analysis pinderg the Commission's
proposal for the new Effort Sharing Decision (27% and 36%hd the analytical underpinning

of this impactassessmenand the impact assessment for the ESfRe based on the same two
scenarios

The post 2020 ne&TS targets will o longer allow any Member State to have growing GHG
emissions (as in the current period), hence the effort required from every Member State will be
bigger. Setting national binding emission reduction targets for each Member, Satever,

does notcontradict the overall energy efficiency target for 2030 or specific energy efficiency
measures set under the EED, e.g. the saving target of 1.5% under Article 7. Energy efficiency
measures help to reduce GHG emissions in transport, buildings and smallestrial
installations. Importantly, energy efficiency policies ensure that maeeeiers are tackled in a
targeted manner and existing saving potentials are exploited (which wouldeoessarily
happen under &HG effort sharingpnly system). They ense that all Member States improve
energy efficiency and thus facilitate achievement of HER targets. The reason for the
complementarity between the two policy areathat European energy efficiency measures are
only adopted where action is more effee at European than at national level. Thus these
measures do some of the work that Member States would otherwise have to do in fulfilling their
obligations under the ESESR1 and do it more effectively.

In the EUCO27 scenaridvlember Statesncrease thir energy efficiency level starting from
national energy efficiency efforts as depicted in the EU Reference scenario 2016. This leads to a
reduction ofprimary energyconsumption ir2030 of betweenl and 7% for all Member State

with the reductioratthe EU28 level of 4.7%With higher energy efficiency levels (than 27% in

2030) some Member States are projected to overachieve and some to underachieve their ESR
target. Member States can use their flexibility provided in the E®Rich would allow a
transferof annual emission allocations (AEAS) in case they achieve higher energy efficiency

10 Member States have significant differences in economic strength and investment capacity as well as in

emission reduction potentials and costs. As the 2030 framework impact assessment (SWD(2014)15) has shown,
applying costeffectiveness as sole criten for the distribution of efforts would lead to considerable variations in

the necessary national economic effort and would imply (on average) relatively higher efforts and costs per unit of
GDP for lower income Member States. The current B8@the prposed ESRddress the differences in economic
capacity by differentiating national targets according to relative differences in GDP per capita. However, setting
targets based solely on GDP per capita may result in large differences in the costs peudet eedssions
between Member States if the reductions have to be achieved domestically, and might induce very costly efforts for
those higher income Member States with more limited remaining mitigation potentials.

1 SWD/2016247.
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improvements than required for their national ESR target. Oyénalreflects a cost efficient
achievement of GHG reductions.

Energy efficiency measures play an impottrole for all sectors covered by the ESD/ESR.
However, EU measures on energy efficiency do not restrict Member States' freedom to choose
the measures they wish to implement to attain their national GHG reduction targets. The EED
alreadyoffers substandil freedom to Member States as regards how to implement different
obligations and how to achieve their indicative national targets. Member States can decide e.g.
with regard to Articles 5 and 7 between default and alternative approaches. Other artieles lea
enough room for Member States to consider their national circumstances and on which sectors
they want to focus. Constraining the freedom of Member States would risk increasing costs for
them. All instruments under the ESD/ESR and energy efficiencyig®lmomplement each

other.

Ambitious national and European energy efficiency policies leading to a level of 33% of energy
efficiency in 2030 or higher would result in more emission reductiof?%@% in 2030) in the
nonETSsectorghan agreed in the Eygean Council conclusions in October 2014.

The 2014 Report of the European Environmental Agency confirmed that progressing towards
several climate and energy targets has created a number of positive synergies. Energy efficiency
measures help meet the naab2020 ESD targets. The latter can be an additional incentive to
implement more ambitious efficiency polictés

3.3 EU Emissions Trading System

The European Council agreed amElJ ETS target 0f43% emission reductions compared to
2005. Energy efficiency targets and policies interact with the EU Emissions Trading System
(ETS). ETS acts on the failure of prices to internalise external costs; energy efficiency policies
address noprice barriers such as lack of information, bounded rationality and split incentives.

The current policies and targets linked to the 2030 climate and energy framework were designed
in a way that climate and energy efficiency targets are consistent anld #r@ETS and energy
efficiency measures to be mutually reinforcing instruments. Energy efficiency policies benefit
from the fact that carbon prices created by the ETS open up new markets and applications for
energy efficient products and technologiestéibly in industrial installations and transport
modes covered by ETS and in all equipment consuming electricity).

Savings in electricity consumption or in other energy forms used in industrial sectors covered by
the ETS have an impact on the demand flomances in the ETS. The ETS Market Stability
Reserve (MSR) adopted in 2015 will respond to major changes in the demand of allowances,
regardless of whether these are the result of economic factors or due to policy developments, for
example in relationatimproved energy efficiency. The architecture of the reserve is such that it
automatically and in a gradual manner reduces the auction supply if there is a significant
oversupply of allowances. For very ambitious levels of 2030 energy efficiency taigsts,
poses risks to the overall coherence in delivering the climate objeEhige=fore, it might need

12 Trends and projections in Europe 2014: Tracking progress towards Europe's climate and energy targets:

http://www.eea.europa.eu/publications/treaastprojectionsin-europe2014
13 SWD(2014) 16 final.
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to be considered as part of the first review of the Market Stability Reserve parameters foreseen
by 2021whether this justifies a change to the paramsete.g. the MSR feeding rate) ¢gase of
ambitious energy efficienctargetsto preserve the overall policy coherence in delivering the
climate objective in a cost effective manner, as agreed by European leaders.

3.4 Renewable energies

Energy consumption redtions help to ensure progress towards higher shares of renewables, as
lower energy consumption means a lower denominator in the ratio between consumption of
renewables and gross final energy consumptMon-thermal renewable energy typically has
lower transformation losses than conventional energy sources, lowering the primary energy
consumption for any given final energy consumption. Higher shares of renewable energy can
therefore help to make progress towards the energy savings target, as the targettoel
primary energy consumption.

All policy scenarios assessed in this Impact Assessment achieve RES shar@8%fia72030

by assumptionniore ambitious EUCO+ scenarios are overshooting 27%)sthéoeever to test

the implications of ambitious enegrgfficiency policy with a renewable energy share of 30%,

for example as a result of a high level of ambition on renewable energy across a range of
Member States, and reflecting the call from the European Parliament, the impact of a scenario
with 30% energ savings and 30% renewable energy on the energy system was assessed in
addition.

As shown in Annex 4GHG emissions decrease by 43.2% overall in this scenario; in the ETS
sector by 48% and noRETS by 30.7%. This is due to the fact that this scenareaes
mostly additional GHG reductions in the power generation sector, where addigoralable
capacity would be installed. The increasdRESE share is quite significaritlostly driven by

the shift to RES in the power sector, primary energy consamgecreases (compared to 2007
baseling by an additional 0.8 percentage poit#30.8% instead 0f30% in EUCO30), while
final energy consumption remains constant, due to identical energy efficiencepatix as in
EUCO30.Due to the higher rate of FEdeployment, import dependency is reduced compared
with EUCO30 Average annualreergy system cosig the period 202-B0 increase marginally
compared to EUCO30, by B2 § lillion) driven by higher investment in grid as well as
power generation. In a 2@-50 perspectiveaverage annuaknergy systems costs are only
sl i ght | $bilion) themfereUGOA0.

As regards the interaction of Article 7 with the RES Directive, allowing renewable actions to be
counted under Article 7 will result in changing the energy mix through the integration of
renewable energy targeting the residersdtor

3.5 Internal energy market

Europe's energy markets are in a period of transition to a low carbon economy. To deliver the
needed investment, allow for the free flow of electricity across borders, deliver on the new deal
for consumers, ensure security of electricity supply alhowafor an increased share of
(variable) renewables in the system, the Commission intendsake a proposal on how to
reform Europe's energy markets organisation and regulation. All this means delivering a market
with the consumer$ households and bugsses at its core which is fit for renewables and
which is mutually reinforcing with energy efficiency policies.

Energy markets providing effective price signals are a key condition for mobilising the required
capital for the transition of the energy s@cwhile maintaining a high level of security of
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supply. Meeting the 2030 energy and climate goals will require significant investment flows into
the energy sector. Therefore, the Commission’'s Energy Market Design Initiative will take into
account the imacts of the moderation of energy demand on the necessary investments in the
energy sectorgeneration, networks, storage and the demand side). As the analykis
Impact Assessmeritas shown, a lower demand of energy in 2030 could reduce the need for
investments in additional power generation and grid capacities. Lower investments in power
generation capacity contribute to lower electricity prices.

Energy efficiency policies, e.g. the requirement for individual meters for consumers or rules on
demand esponse ensure that consumers benefit from the new framework by better integrating
wholesale and retail markets and ensuring better information for consumers. These energy
efficiency policies empower and encourage consumers to become active playersuiarthe
energy market as they can manage their energy consumption more easily. However, the current
design of the electricity market and regulated energy prices in some M&tabes mean that

many consumers have no incentive to change their consumptiespanse to changing prices

on the market. Price signals in real time are currently not passed on to final consumers, resulting
in inflexible demand patterns. Real time pricing would make electricity demand more flexible
(smart white electronics, electrieehicles deployment as well as heat pumps in insulated
buildings are examples of new flexible load shifting demand able to take advantage of such
price differentials). Two aspects are relevant here: improving consumer accegsrtpditpose

smart systes as well as electricity supply contracts with dynamic prices linked to the spot
market; and removing the primary market barriers for independent demand response service
providers (i.e. aggregators), creating a level playing field for them. As the cdesigh of the

retail market prevents consumers from being able to fully profit from these possibilities to
participate in the energy market fully, this Impact Assessment tackled the barriers related to
metering and billing for thermal energy and the newketadesign initiative will address these
remaining barriers to exploit the fydbtentials of energy efficiency policies.
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4 AnneXnal ytical moldaed esd asnade meordied s

4.1 Description of analytical models used

The model suite used ftine key scenarios presentedhis ImpactAssessment has a successful
record of use in the Commission's energy and climate policy impact assessimentee same
model suite as used for the 2020 climate and energy package as well as for the 2@8@ctima
energy policy framework. The models and their linkages are briefly described in the following
subsections. Detailed model descriptions can be found on the DG CLIMA wébsite

The model suite covers:

1 The entire energy systemenergy demand, supply, prices and investments to the
future) and all GHG emissions and removals.

1 Time horizon: 1990 to 2050 (§ear time steps)

1 Geography:individually all EU Member States, EU candidate countries and, where
relevant Norway, Switzerlandhd Bosnia and Herzegovina

1 Impacts: on energy, transport and industry (PRIMB&d its satellite models on
biomass and transpdrtagriculture(CAPRI), forestry and land use (GLOBIOM
G4M), atmospheric dispersion, health and ecosystems (acidification, ecéatogt)
(GAINS); macreeconomy with multiple sectors, employment and social welfare
(EBME and GEME3).

The models are linked with each other in formalsfined ways to ensure consistency in the
building of scenarios, as shown graphicallyFigure 1. These intetinkages are necessary to
provide the core of the analysis, which are energy, transport and GHG emissions trends.

14 http://ec.europa.eu/clima/policies/strategies/analysis/models/index_en.htm
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Figure 1: Inter -linkages between models
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The results of these energystem scenarios can serve as input for the two macroeconomic
models (GEME3 and E3ME) used to assess the macroeconomic implications of various energy
efficiencytargets. In addition, the energystem scenarios also serve as input for assessing the
health implications of the scenarios, via the model GAINS.

4.1.1 PRIMES

The PRIMES model is an EU energy system model which simulates energy consumption and
the energy supplsystem. It is a partial equilibrium modelling system that simulates an energy
market equilibrium in the European Union and each of its Member States. This includes
consistent EU carbon price trajectories.

Decision making behaviour is forward looking ameunded in micreeconomic theory. The
model also represents in an explicit way energy demand, supply and emission abatement
technologies, and includes technology vintages.

The core model is complemented by a set ofreoblules, of which the transport sectnodule
and the biomass supply module are described below separately in more detail. Industrial non

5 http://ec.europa.eu/clima/policies/strategies/analysis/models/index_en.htm
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energy related CO2 emissions are covered by arsadule so that total CO2 emissions can be
projected. The model proceeds in five year steps and isdoretrs 2000 to 2010 calibrated to
Eurostat data.

The PRIMES model is suitable for analysing the impacts of different sets of climate, energy and
transport policies on the energy system as a whole, notably on the fuel mix, CO2 emissions,
investment needsnd energy purchases as well as overall system costs. It is also suitable for
analysing the interaction of policies on combating climate change, promotion of energy
efficiency and renewable energies. Through the formalised linkages with GAINE®@on
emisson results and cost curves, it also covers total GHG emissions and total ESD sector
emissions. It provides details on the Member State level, showing differential impacts across
Member States.

The PRIMES model represents energy efficiency by simulatinferdift measures with
different techniques. These modelling techniques will affect the context and conditions under
which stylized agents per sector, make their decisions on energy consumption.

PRIMES has been used for the analysis underpinning the Coimmgsproposal on the EU
2020 targets (including energy efficiency), the Low Carbon Economy and Energy 2050
Roadmaps, the 2030 policy framework for climate and energy and the energy efficiency Impact
Assessment in 2014

PRIMES is a private model and hasehedeveloped and is maintained by E3MLab/ICCS of
National Technical University of Athetfsn the context of a series of research programmes co
financed by the European Commission.

The model has been successfully peer reviélyetbst recently in 2021
4.1.2.PRIMES -TAPEM & PRIMES-TREMOVE

PRIMESTAPEM, operated by ICCS/E3MLab is an econometric modekriorsport activity
projections.It takes GEMES projections (GDP, activity by sector, demographics and bilateral
trade by product, and by country) asvdrs, to produce transport activity projections to be fed
into PRIMESTREMOVE. The econometric exercise also includes fuel prices coming from
PROMETHEUS, as well as transport meirk infrastructure (length of motorways and +ail
ways), as driversThe PRIMESTAPEM model provides the transport activjpyojections for

the Referencecenario.

The PRIMESTREMOVE Transport Model projects the evolution of demand for passengers and
freight transport by transport mode and transport mean. It is essentially a dysyatem of
multi-agent choices under several constraints, which are not necessarily binding simultaneously.
The model consists of two main modules, the transport demand allocation module and the
technology choice and equipment operation module. The twilule® interact with each other

and are solved simultaneously.

16
17
18

http://www.e3mlakNational Technical University of Athens.gr/e3mlab/
http://ec.europa.eu/clima/policies/strategies/analysis/models/docs/primes _mode102@18n.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/sec_2011_ 1569 2.pdf

26


http://www.e3mlab.ntua.gr/e3mlab/
http://ec.europa.eu/clima/policies/strategies/analysis/models/docs/primes_model_2013-2014_en.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/sec_2011_1569_2.pdf

The projection includes details for a large number of transport means, technologies and fuels,
including conventional and alternative types, and their penetration in various transport market
sgments. It also includes details ab@HG and air pollution emissions, as well as impacts on
external costs of congestion, noise and accidents.

PRIMESTREMOVE has been used for the 2011 White Paper on Transport, Low Carbon
Economy and Energy 2050 Roadmasswell as the 2030 policy framework for climate and

energy’’

The PRIMESTREMOVE is a private model that has been developed and is maintained by
E3MLab/ICCS of National Technical University of Athefisbased on, but extending features

of the open sourcEREMOVE model developed bjhe TREMOVE! modelling community

Part of the model (e.g. the utility nested tree) was built following the TREMOVE rffo0éher

parts, like the component on fuel consumption and emissions, follow the COPERT model.

In the transprt field, PRIMESTREMOVE is suitable for modellingoft measurege.g. ece

driving, deployment of Intelligent Transport Systems, labellirjpnomic measurege.g.
subsidies and taxes on fuels, vehicles, emissions; ETS for transport when linked witBS?RIM
pricing of congestion and other externalities such as air pollution, accidents and noise; measures
supporting R&D), regulatory measurege.g. CQ emission performance standards for new
passenger cars and new light commercial vehicles; EURO standardgdotiansport vehicles;
technology standards for nooad transport technologie®)frastructure policies for alternative

fuels (e.g. deployment of refuelling/recharging infrastructure for electricity, hydrogen, LNG,
CNG). Used as a module which contributes to a broader PRIMES scenario, it can show how
policies and trends in the field of transport contribute to economy wide trends in energy use and
emissions. Using data disaggregated per Member State, it can show défetetrénds across
Member States.

4.1.3.PRIMES Biomass Supply

The biomass system model is linked with the PRIMES energy system model for Europe and can
be either solved as a satellite model through a clisguprocess or as a staalbne model.

It is an economic supply model that computes the optimal use of biomass/waste resources and
investment in secondary and final transformation, so as to meet a given demand of final

19 The model carbe run either as a starmlone tool(e.g. for the 2011 White Paper on Transport¥ully

integrated in the restf the PRIMES energy systems modelg. for theLow Carbon Economyand Energy 2050
Roadmapsandfor the 2030 policy framework for climate and engrgi/hen coupled with PRIMES, interaction

with theenergy sector is taken into account in an iterative way.

20 http://www.e3mlatiNational Technical University of Athens.gr/e3mlab/

2 http://www.tmleuven.be/methode/tremove/home.htm

22 Severalmodel enhancements were made compared to the standard TREMOVE model, as for example: for
the number of vintages (allowing representation of the choice of sé@mtticars); for the technology categories
which include vehicle types using electricity fronethrid and fuel cells. The model also incorporates additional
fuel types, such as biofuels (when they differ from standard fossil fuel technologies), LPG and methane fuels. In
addition, representation of infrastructure for refuelling and recharging araegariee model refinements,
influencing fuel choices. A major model enhancement concerns the inclusion of heterogeneity in the distance of
stylised trips; the model considers that the trip distances follow a distribution function with different distances and
frequencies. The inclusion of heterogeneity was found to be of significant influence in the choice offuelsicle
especially for vehiclefuels with range limitations.
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biomass/waste energy products, projected to the future by the rest of the PRIMEIS The
biomass supply model determines the consumer prices of the final biomass/waste products used
for energy purposes and also the consumption of other energy products in the production,
transportation and processing of the biomass/waste productsmddel also reflects the
sustainability criteria currently in place and can be used for reflecting policies facilitating the
use of renewable energy sourcafter cross check of input data and draft results, results of the
biomass supply model are used #émsure consistency between PRIMES, CAPRI and
GLOBIOM bioenergy modelling.

The PRIMES biomass supply model is private and has been developed and is maintained by
E3MLab/ICCS of National Technical University of Athéhs

4.1.2 GAINS

The GAINS (Greenhouse gas andr Aollution Information and Simulation) model is an
integrated assessment model of air pollutant @htls gas emissions and their interactions.
GAINS brings together data on economic development, the structure, control potential and costs
of emission souks and the formation and dispersion of pollutants in the atmosphere.

In addition to the projection and mitigation GHG emissions at detailed sidectorial level,
GAINS assesses air pollution impacts on human health from fine particulate matter and ground
level ozone, vegetation damage caused by grtenel ozone, the acidification of terrestrial and
aguatic ecosystems and excess nitrogen deposition of soils.

Model uses include the projection of G2 GHG emissions and air pollutant emissions for

EU Rekrence scenario and policy scenarios, calibrated to UNFCCC emission data as historical
data source. This allows for an assessment, per Member State, of the (technical) options and
emission potential for ne@02emissions. Health and environmentabenefis of climate and

energy policies such as energy efficiency can also be assessed.

The GAINS model is accessible for expert users through a model inféréawk has been
developed and is maintained by the International Institute of Applied Systems ARalyses
underlying algorithms are described in publicly available literature. The source code is not
disclosed. GAINS and its predecessor RAINS have been peer reviewed multiple times, in 2004,
2009 and 2011.

4.1.5.GLOBIOM -G4M

The Global Biosphere Managemévibdel (GLOBIOM) is a global recursive dynamic partial
equilibrium model integrating the agricultural, bioenergy and forestry sectors with the aim to
provide policy analysis on global issues concerning land use competition between the major
land-based prodction sectors. Agricultural and forestry production as well as bioenergy
production are modelled in a detailed way accounting for about 20 globally most important
crops, a range of livestock production activities, forestry commodities as well as different
energy transformation pathways.

23
24
25

http://www.e3mlalNational Techital University of Athens.gr/e3mlab/
http://gains.iiasa.ac.at/models/
http://www.iiasa.ac.at/
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GLOBIOM covers 28 (or 50) world regions. The disaggregation of the EU into individual
countries has been performed only recently.

Model uses include the projection of emissions from land use, land use change and forestry
(LULUCF) for EU Reference scenario and policy scenarios. For the forestry sector, emissions
and removals are projected by the Global Forestry Model (G4M), a geographically explicit
agentbased model that assesses afforestatedorestatiorforest managementlecisions.
GLOBIOM-G4M is also used in thienpact Assessment for agriculture dddLUCF to assess

the options (afforestation, deforestation, forest management, cropland and grassland
management) and costs of enhancing the LULUCF sink for each Member State.

The GLOBIOMGA4M is a privatemodel and has been developed and is maintained by the
International Institute of Applied Systems Analy8is

4.1.6.Prometheus

PROMETHEUS is a fully stochastic world energy model used for assessing uncertainties and
risks assoated with the main energy aggregates including uncertainties associated with
economic growth and resource endowment as well as the impact of policy actions. The model
projects endogenously the world energy prices, supply, demand and emissions for ¢en worl
regions.

World fossil fuel price trajectories are used as import price assumptions for EU Reference
scenario anéor policy scenario modelling.

The Prometheus model is private and has been developed and is maintained by E3MLab/ICCS
of National Technicalniversity of Athen$’

4.1.7.CAPRI

CAPRI is anopen sourceeconomic partial equilibrium model developed by European
Commission research funds. Operational since more than a decade, it supports decision making
related to the Common Agricultural Policy anawvitonmental policy related to agriculture
based on sound scientific quantitative analysis.

CAPRI is only viable due to its paBuropean network of researchers which based on an open
source approach tender together for projects, develop and maintaindék apply it for policy
impact assessment, write scientific publications and consult clients based on its lteBais.
been the basis of numerous peer reviewed publications.

The model has been used to provide consistent agricultural activity progeétionhe EU
Reference scenario 2016s. It is also used in the LULUCF impact assesEneeGAPRI model

is an open source model which has been developed and is maintained by Eurocaf€ GmbH
JRC, and other partners of the CAPRI network.

26
27
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http://www.iiasa.ac.at
http://www.e3mlab.National Technical University of Athens.gr/e3mlab/
http://www.eurocardonn.de/
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4.1.3 Macroeconomic modet (E3ME and GEM-E3)

Macroeconomic models have played a role in two stages of the preparation of the modelling
scenarios for this Impact Assessment. First, GEBlis used to provide the EU Reference
scenario macroeconomic assumptigmerticularly in term®f sectoral value added projections
Second, the macroecononaind sectoral economic impacts of various ambition levels in energy
efficiency are assessed using two versatile macroeconomic models: E3ME arBIEM

Similar to previous relevant Impact Asseents the choice in thidmpact Assessmertias

been to use two macroeconomic models that represent two main different schools of economic
thought, which dominate the literature and have been frequently used in the macroeconomic
assessment of energy ardnate policies. This helps to effectively manage current model and
theoretical uncertainties and reflect the best way of assessing the corresponding impacts. The
application of two different macrmodels enables not only to establish a range of possible
impacts, but also to identify the conditions necessargefising potential benefits.

There are important differences between the two models that arise from their underlying
assumptions and respective structures. ESME is a remonoometric model, basexh a post
Keynesian demandriven nonroptimisation norequilibrium framework; GEVMES3 is a general
equilibrium model that draws strongly on suppgiyven neoclassical economic theory and
optimising behaviour of rational economic agents who ensure that thaakeays cledr.
GEM-E3 assumes that capital resources are optimally allocated in the economy (given existing
tax "distortions"), and a policy intervention to increase investments in a particular sector (e.g.
energy efficiency) is likely to take placethe expense of limiting capital availability, as a factor

of production, for other profitable sectors ("crowding out" effdct)other words, in GEME3,

the total effect on the economgmknds on the net effect of core offsetting factors, particularly
betveen positive improved energy efficiency and economic expansion effects (Keynesian
multiplier), on one hand, and negative economic effects stemming from crowding out, pressures
on primary factor markets and competitiveness losses, on the other Nametleless, the
GEM-E3 version used in this Impact Assessment has significantly advanced and substantially
departs from standard CGE models, in that it captures involuntary unemployment, myopic
expectations, and avoids instantaneous crowding out effeetsgatic savingsnvestments
closure)through the inclusion of the banking sector, amongst ofl@sggained in more detail
below).

E3ME does not adhere to the O0general o6 equil.i
adjust due to persistent markatperfections and resulting imbalances may remain a-tong
feature of the economyt also allows for the possibility of neoptimal allocation of capital,

2 The GEME3 version of the model used in this Impaktsesment is enhanced with an explicit

representation of the banking system and financial fieee for instance, Capros P., Karkatsoulis P., Paroussos L.,
"Modelling the financial sector in GEM3", E3M-Lab technical report, National Technical Universif Athens,
May 2016.
0 The Impact Assessmenbn energy and climate policy up to 2030 and thgpact Assessment
accompanymg the 2014 Energy Efficiency Communicaf®wD(214)255 final).

Market clearance in GEME3 is achieved through the full adjustment of prices which allow supply to
equal demand and thus a o6general 6 equilibrium is reac
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accounting for the existing spare capacity in the ecofioriherefore the level of output,
which is a function of the level of demand, may continue to be less than potential supply or a
scenario in which demand increases can also see an increase in output.

Having said this, the two macroeconomic models have many similarities, such as the inclusion
of substantial sectorial detail, the assessment of complex interactions between the different
sectors of an economy, markets and agents, as well as the simulation-thkaiges between

world economic and energy systems and the environntamthermore, inboth models,
additional effects are associated with a reduction in energy demand due to energy efficiency
investments, including reduced import demand for energy inputs and a reduced need for energy
generation within the EU28. A change in energy priceks @nenergy efficiency expenditures

due to energy efficiency measures could result in the substitution of imported fuels with
domestically produced goods and services. Both models also allow for the existence of
unemployment.

Most importantly, in this Impat Assessment, the approaches have converged to some extent
compared to previous analytical work. Notably, GIH@ has improved its modelling approach

by incorporating an explicit representation of the financial sector at the global level and across
countres. This changes the dynamics of crowding out effects as opposed to standard CGE
models without a banking sector (more described bel®8ME, on the other hand, has
explored the issue of "crowding out" and the possibility of capacity constraints limiting
investmentdriven output expansion particularly relevant in scenarios involving ambitious
energy efficiency investment requirements.

4.1.3.1 ESME
ESMEisacomputetb ased model of Europebdbs economi es, I
environment. The modelwa or i gi nally devel oped through th

framework programmes in the 1990s and is now widely used in collaboration with a range of
European institutions for policy assessment, for forecasting and for research purposes. Only the
main EBME model features and mechanisms relevant for this Impact Assessment are presented,
as a detailed description of the moideavailable in the E3ME mandal

The figure belowshows the main modules in EBME. The economy and energy demand are
closely linked; economic activity creates the demand for energy, but energy consumption also
affects the economy through output in the energy production and distribution sectors (e.g.
electicity sector, oil and gas sector). Most environmental emissions are caused by fuel
combustion (modelled as a fixed coefficient) but there are also direct ecamission
linkages through process emissions.

Technology, which is endogenous in E3ME, cafeaf many of these relationships. For
example, the use of energjficient vehicles allows an increase in economic production without

32 The degree of adjustment between supply and demand and the resulting imbalaneswedefrdm

econometric evidence of historical noptimal behaviour based on the extensive databases aneetiias
underpinning the E3ME macconometric model.

B Detailed information on model mechanisms are available in the E3ME manual at:
http://www.camecon.com/EnergyEnvironment/EnergyEnvironmentEurope/ModellingCapability/E3ME/E3MEMan

ual.aspx
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an increase in energy consumption and emissions. Some particular technologies like CCS or
renewables allow energy consumoptto increase without increasing emissions

The main dimensions of the model are:

1 33 countries (limited in scope to the EU28 Member States for this study)

1 69 economic sectors, defined at the NACE (rev2igd level, linked by inpubutput
relationshis;

1 43 categories of household expenditure;

1 13 types of household, including income quintiles and secamomic groups such as
the unemployed, inactive and retired, plus an urban/rural split;

1 22 different users of 12 different fuel types;
1 the 6 Kyoto GHGs; other emissions where available.

Figure 2: E3ME modules
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Source: E3ME, Cambridge Econometrics

The economic structure of E3ME is based on the system of national accounts, as defined by
ESA95 (European Commissioi996). The labour market is also covered in detail, with
estimated sets of equations for labour demand, supply, wages and working hours. In total there
are 33 sets of econometrically estimated equations, also including the components of GDP
(consumption,investment and international trade), prices, energy demand and materials
demand. Each equation set is disaggregated by country and by sector.

Figure 3 provides a sumarised graphical representation of the main economic flows for a
single European country. It displays the income loops, investment lops, trade loops, price/wage
effects and innovation effects as captured in E3ME. Skart multiplier effects occur through

the various interdependencies and feedback loops that are present in the model structure.
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Figure 3: E3MEG6s basic economic structure
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4.1.3.2 GEM-E3

The GEMES3 model has been developed and is taaed by E3MLab/ICCS of National
Technical University of Atherl§ JRGIPTS® and others. It is documented in detail but the
specific versions are private. The version of the GEBI model used for this Impact
Assessment is the one of E3MLab/ICCS.

The GEME3 model is a multregional, multisectoral, recursive dynamic computable general
equilibrium (CGE) model which provides details on the masmronomy and its interaction with

the environment and the energy system. It is an empirical, large scale modef emiirely in
structural form. GEME3 allows for a consistent comparative analysis of policy scenarios since
it ensures that in all scenarios, the economic system remains in general equilibrium. In addition
it incorporates micra@economic mechanisms anuktitutional features within a consistent macro
economic framework and avoids the representation of behaviour in reduced form. The model is
built on rigorous microeconomic foundations and is able to prowiddransparent way insights

on the distributioal aspects of longerm structural adjustments. The GHM model is
extensively used as a tool of policy analysis and impact assessment.

3 http://147.102.23.135/index.php?option=com_content&view=category&id=36%3Agem
e3&ltemid=71&layout=default&lang=en
3 https://ec.europa.eu/jrc/en/gesfi/model

33


http://147.102.23.135/index.php?option=com_content&view=category&id=36%3Agem-e3&Itemid=71&layout=default&lang=en
http://147.102.23.135/index.php?option=com_content&view=category&id=36%3Agem-e3&Itemid=71&layout=default&lang=en
https://ec.europa.eu/jrc/en/gem-e3/model

It is updated regularly using the latest revisions of the GTAP database and Eurostat statistics for
the EU MembeilStates. This version of the GEEB model used for this Impact Assessment
simultaneously represents 38 regions and 29 sectors linked through endogenous bilateral trade
flows. Most importantly new databases have been added compared to previous versiens of th
model: i) the GEME3 model has been calibrated to GTAP 9, year 2011 (this is the most recent
available complete dataset for global 10 tables) ii) The EU28 GTAP 9 IO tables have been
replaced with EUROSTAT IO tables where possié) A new split of EURDSTAT 10

energy transactions has been made so as to be consistent with energy volumes as reported in
EUROSTAT energy balances iv) To support the explicit representation of the financial sector in
the new version of the GEM3 model a complete database regay agents financial
transactions has been developed. The financial database includes the following key financial
instruments: i) bonds (corporate and public), ii) time deposits and iii) deposits.

Its scope is general in two terms: it includes all siemdbusly interrelated markets and
represents the system at the appropriate level with respect to geography;shstentb(energy,
environment, economy) and the dynamic mechani

The GEME3 model includes projections of full InpQutput tables by country/region, national
accounts, employment by economic activity, unemployment rate, balance of payments, public
finance and revenues, household consumption, energy use and supply, GHG emissions and
atmospheric pollutants.

GEM-E3 formulages separately the supply or demand behaviour of the economic agergswh
considered to optimise individually their objective while market derived prices guarantee global
equilibrium, allowing the consistent evaluation of distributional effects of pslicit also
considers explicitly the market clearing mechanism and the related price formation in the
energy, environment and economy markets: prices are computed by the model as a result of
supply and demand interactions in the markets and different imeldaing mechanisms, in
addition to perfect competition, are allowed.

Total demand (final and intermediate) in each country is optimally allocated between domestic
and imported goods, under the hypothesis that these are considered as imperfect s\ithsitute
AAr mi ngtono assumption). l nstitutional regi
clearing, are explicitly represented, including public finance, taxation and social [pagjaye4

illustrates the overall structure of the GEA8 model.

% Austria, Belgium, Bulgaria, Czech Republic, Estonia, Finland, France, Germany, Greece, Hungary,

Ireland, Italy, Lithuania, Netherlands, Slovakia, Slovenia, Sweden, Romaniak-dsKhe rest of EU28ountries
the GTAP IO tables have been used as there were no symmetric 10 tables available from EUROSTAT.

34



Figure 4: GEM-E3 model structure
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The model formulates produeti technologies in an endogenous manner allowing for -price
driven derivation of all intermediate consumption and the services from capital and labour. In
the electricity sector, a bottom up approach is adopted for the representation of the different

power producing technologies. For the demssidie, the model formulates consumer behaviour

and distinguishes between durable (equipment) and consumable goods and services.

GEM-E3 is dynamic, recursive over time, driven by accumulation of capital and equipment. |
other words, the properties of the model are mainly manifested through stock/flow relationships,

techni

cal

progress,

capital

accumul

at

on

progress is explicitly represented in the production function, egkegenous or endogenous,
depending on R&D expenditure by private and public sector and taking into accouontvepill

effects. Moreoverit is based on the myopic expectations of the participant agents. In other
words, the uptake of advanced technologezekerates learning making them cheaper and more
efficient. As higher volumes of advanced technologies are chosen by consumers, their
production moves further on the learning curve hence efficiency improvements occur faster. At
the same time the investmartst in advanced technologies increases with increasing efficiency
performance. GEME3 includes learning curves that reduce capital costs depending on

accumulated capacity (learning by doing).

35

an



New model features: explicitly capturing finance

Compared tathe version of the GENE3 model usd in previous similar analysésand in

addition to the data updates mentioned above, a series of methodological advancements have
been introduced in the model. These relate in particular to the modelling of interaetimesn

financial flows and the real economy. In other words, this version of GBNs a financial

CGE model that explicitly represents the fstlale detailed financial sector for each country and

at the global level.

The modelling of the interactionstiesen finance and the real economy draws from Capros and
Karadeloglou (1991 and 1998)Bourgignon et al (1984} and Dixon et al. (2014 It deviates

from the standard CGE framework, mainly by introducing a dynamic-teteporal financial

closure in comrast with the static savingsvestment closure that standard CGE models use. The
CGE models with financial modelling are relatively sparse in empirical policy analysis applied
to energyclimate issuesThe version of GEME3 used in this Impact Assessmamtludes a
detailed financial sector countby-country, where institutional sectors (government, private
and foreign) raise and repay debts financed by commercial banks, which take leverage from a
central bankThe commercial banks collect the savingseobnomic agents and issue loans at

i nterest rates. Governments and firms issue
decision to lend or borrow depends on the interest rates. Two leading interest rates, one for the
market of public debt, the othéor the market of private debt, are determined from market
clearing conditions.

Money supply can either be fixed with endogenously determined interest rates (money
multiplier theory) or be adjustable (endogenous money theory) at given interest rdianfe.
reserves adjust as needed to accommodate loan demand at prevailing interest rates). In the
version used in this study, the money multiplier approach has been used. In the model the base
year net lending/borrowing position of the agents is calcutaieddetail according to the
institutional transactiorté that have been collected from EUROSTAT. Dynamically the net
credit position of each agent depends on a number of endogenously determined variables like
the househol dsd di s pocesbmpten, saving amenvestihentt ilke 6 s
financial assets considered in the model ardalic bonds, corporate bonds, household loans,
deposits and time deposits.

37 For instance, in th€ambridge Econometrics (2015) study on social and employment impacts of energy

efficiencyor the 2014 energy efficiendgnpad AssessmerbWD(2014)255 final

3 Capros Pantelis, Pavlos Karadeloglou & Gregory Mentzas (1991), 'Market imperfections in a general equilibrium
framework: An empirical analysis', Economic Modelling, Volume 8, Issue 1, January 1991, Pade?31 Gaprosantelis and

Pavlos Karadeloglou (1996) "Structural Adjustment and Public Deficit: A Computable General Equilibrium Modelling Analysis
for Greece", in P. Capros and D. Meulders (editors) "Budgetary Policy Modelling: Public Expenditure”, Routledge .Publ. Co
Chapman and Hall, London.

39 Bourguignon Francois, William H. Branson, J. de Melo (1989), 'Macroeconomic Adjustment and Income Distribution:
A Macro-Micro Simulation Model', Technical report, ECD Development Centre Working Papers 1.

40 Dixon Peter, Mawren Rimmer, L. R. (2014), 'Adding financial flows to a CGE model of PNG'(N&Z; ISBN 978
1-92165450-3), Technical report, Centre of Policy Studies.

4 The net lending position of each economic agent has been built from bottom up data (all sonooeseof i
including dividend payments, interest rates, debt payments, bond interest rates etc.). Data regarding the structure of
the bilateral debt by agent (domedticeign) and country (who owns to whom) have been constructed according to
current account ahcumulative bilateral trade transactions.

42 Full sequence of National Accounts that include all secondary transactions (property income, income from
deposits, interest rates, etc.) of all economic agents.
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The model is based on a matrix of flows of funds, involving, all economic agents, namely the
household, government, firms, banks and foreign, as displayed in

Table2.
Table 2: Simplified Flow of Funds matrix in GEM-E3
Private Banks Government | Foreign
Assets Placement of assets | Supply of loans Transfers and
and credit financing of foreign
debt
Liabilities Credits and Loans | Deposits Bonds

Source: GEME3, E3MLab National Technical University of Athens

The financialbehaviour of households is based on a portfolio model which is derived by
maximising expected utility. Households allocate their disposable income to consumption and
financial assets on the basis of expected yields. The behaviour of firms and the mibticnse

the financial model is represented only with respect to the financing of their deficit. Total public
and private debts are updated dynamically by accumulating deficits or surpluses. The level of
the debts in relation to the leveragiecommercial brks as defined by central banks influence

the interest rates. Cressuntry financing is also modelled. Options in the model allow defining
possible financial closures at muttuntry regional level, versus financial closing at global
level. Risk premiunfactors influencing cross border financing are also introduced. The global
economy financial closure is integmporal (in essence it is an extension of the Walras law) and
leads to a world interest rate of equilibrium, or alternatively to regional sttestes of
equilibrium depending on modelling options.

The banking® and private sectors are represented following an "akabifties balance"
approach. On the assets side of the private sector, total wealth is evaluated, dynamically, by
private net sangs, a variable coming from the real part of the model. In the banking sector the
assetdiabilities balance serves to evaluate the capacity of banks to lend the private sector,
which depends also on lending from central bank.

Interest rates are derivémm the equilibrium of financial supply and demand flows. The model
determines endogenously two equilibrium prices: i) Demand/supply equilibrium in financing
public deficits serves to determine the rate of interest of government lending, i.e. intesest rat
bonds ii) Demand/supply equilibrium of the capital flows addressed to the private sector serves
to determine the private lending interest rate.

The inclusion of the financial sector in the model improves its simulation capabilities in the
following respects:

1 Creates loan repayment schedules that span over several periods and can also combine
with crossborder lending thus mitigatingpnsiderably the crowding out effect

1 Book keeping of stock/flow relationships of debt accounting (domestic and dxterna
Private and Public debt) which influences the dynamic properties of the real economies

1 Endogenous computation of interest rates depending on alternative uses of financial
resources by the agents (deposits, bonds, household and busiaess{j, etc.).

. The banking system, as defined in this modehprises commercial banks and the central bank.
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Income availability by sector is adjustable depending on borrowing behaviour

Lending capabilities depend on accumulated debt and on leverage assumptions. Thus
demand and supply of money/deposits, bonds and securities determine interest rates
Option for financing can be: i) From own resourceself finance (savings, reduced
consumption) or ii) Borrowing from other agents (domestic or/and from abroad), iii)
combination of i) and ii)
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4.2 The EU Reference scenario 2016

4.2.1 Scenario design, consultation procesnd quality assurance

Building an EU Reference scenario is a regular exercise by the Commission. It is coordinated by
DGs ENER, CLIMA and MOVE in association with the JRC, and the involvement of other
services via a specific inteervice group.

The Refeence Scenario 2016 (REF2016ps been developed building on a modelling
framework including as core models PRIMES (PRIMBSEMOVE for transport), GAINS and
GLOBIOM-G4M and as supporting models GHE8, PROMETHEUS, PRIMES Biomass
supply and CAPRI (see prisection for details).

For the REF2016, the model was calibrated on energy data up to year 2013 from Eurostat and
other sources, and for agriculture and @@, emission data up to the year 2015.

Member States were consulted throughout the developmemiegsrothrough a specific
Reference scenario expert growghich met three times during the development of REF2016.
Member States provided information about adopted national policies via a specific
questionnaire, key assumptions have been discussed anthimedelling step, draft Member

State specific results were sent for consultation. Comments of Member States were addressed to
the extent possible, keeping in mind the need for overall comparability and consistency of the
results.

Quality of modelling redts was assured by using state of the art modelling tools, detailed
checks of assumptions and results by the coordinating Commission services as well as by the
country specific comments by Member States.

REF2016 projects EU and Member States energy, frarts and GHG emissioerelated
developments up to 2050, given current global and EU market trends and adopted EU and
Member States' energy, transport, climate and related relevant policies.

"Adopted policies" refer to those that have been cast in legislatithe EU or in MS (with a
cut-off date end of 2014). Thereforethe binding 2020 targets are assumed to be reached in the
projection. This concerns GHG emission reduction targets (both for the EU ETS as well as ESD
sectors) as well as RES targets)uding RES in transport.

However, policies which are not yet legally implemented, e.g. those necessary to implement the
2030 energy and climate framework, are not part of REF200 this basis, REF2016 can

help identify areas where the current policgniework falls short of reaching the EU's climate

and energy objectivés Notably, REF2016 shows thaircent policy and market conditions will
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In addition, amendments to two Directives only adopted in the beginning of 2015 were also considered.
This concerns notably the ILUC amendment to the RES directivettendviarket Stability ReservBecision
amending the ETS Directive.

a6 For the period after 2020, policies are included that are part of thacgUis as well as important
investments that arpart of Member Stateslational energy plans. For instan&[S with the Market Stability
Reserve is included in REF16, but not the Commission's proposal for a change in the linear reduction factor post
2020. New neazero energy buildings after 202@sdefined in the Energy Performance of Buildings Directive
continue to be built, as well as energy labelling continues. Member States also gave input on planned energy
investments, particularly in nuclear energy.

4 Each new update of the Referersmenario models the projected impact of policy adopted up to the
relevant cuff date Therefore, differences between two conseculederence scenarios, e.g. between the one
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deliver neither the 2030 targets nor the lbegn 2050 805% GHG emission reduction
objective.

REF2016 provide projections, not forecasts. Unlike forecasts, projections do not make
predictions about what the future will be. They rather indicate what would happen if the
assumptions which underpin the projection actually occur. Still, the scenario allows for a
consstent approach in the assessment of energy and climate trends across the EU and its
Member States.

The report "EU Energy, Transport and GHG Emissions Trends to 2B&@erence Scenario
2016" (available ahttps://ec.europa.eu/energy/en/news/refereneaarioenergy describes the
inputs and results idetail. This section summarises the main messages derived from it,
especially those relevant for the Energy Union framework

4.2.2 Main assumptions

The projections are based on a set of assumptions, incluoingoopulation growth,
macroeconomic and oil price developments, technology improvements, and policies.

4.2.2.1 Macroeconomic assumptions

In REF2016, the population projections draw on the European Population Projections
(EUROPOP 2013) by Eurostat. The key drivers for demographic change are: higher life
expectancy, convergence in the fertility rates across Member States in the long tanwaadd
migration. The EU28 population is expected to grow by 0.2% per year during2P300(0.1%

for 20132050), to 516 million in 2030 (522 million by 2050). Elderly people, aged 65 or more,
would account for 24% of the total population by 2030 (28%215H0) as opposed to 18% today.

GDP projections mirror the joint work of DG ECFIN and the Economic Policy Committee,
presented in the 2015 Ageing Report. The average EU GDP growth rate is projected to remain
relatively low at 1.2% per year for 202020, @bwn from 1.9% per year during 192910. In

the medium to long term, higher expected growth rates (1.4% per year fe@82@&nd 1.5%

per year for 203@050) are taking account of the catching up potential of countries with
relatively low GDP per capitassuming convergence to a total factor productivity growth rate

of 1% in the long run.

Sectoral activity projections are derived in a consistent way from these macroeconomic
assumptions, using the maezoonomic modelling tool GENE3 as well as economatri
estimates for global demand for energy intensive industries.

4.2.2.2 Fossil fuel price assumptions

Oil prices have fallen by more than 60% since-20d4, to an average of around 40 $/barrel for
Brent crude oil in the first four months of 2016. The collapseiloprices has been driven by

low demand and sustained oversupply, due in particular to tight oil from North America and to
the decision of Organization of Petroleum Exporting Countries (OPEC) countries not to cut their
output to rebalance the market. RBE& considers a gradual adjustment process with reduced
investments in upstream productive capacities by-@BEC countries. Quota discipline is
assumed to gradually improve among OPEC members. Thus, oil price is projected to reach 87

from 2013 and REF2016, can be explained by the implications of policies adloghsdmeantime as well as by
changed economic and technological trends.
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$/barrel in 2020 (iryear 2013prices). Beyond 2020, as a result of persistent demand growth in
nonOECD countries driven by economic growth and the increasing number of passenger cars,
oil price would rise to 113 $/barrel by 2030 and 130 $/barrel by 2050. This price tralichges

from PROMETHEUS modelling is in line with other reference sources such as the 2015 IEA
World Energy Outlook.

No specific sensitivities were prepared with respect to oil and gas price developments. Still, it
can be recalled that lower fossil fuelg@iassumptions tend to increase energy consumption and
CO, emissions not covered by the ETS. The magnitude of the change would depend on the price
elasticities and on the share of taxation, like excise duties, in consumer prices. For instance, for
transpot, the changes would be limited (depending on the magnitude of the change in the oil
price) due to the high share of excise duties in the consumer prices but they are still expected to
lead to some higher energy consumption and CO2 emissions. They aldo tead to lower

overall energy system costs, as the increase in consumption is more than compensated by lower
prices. Conversely, costs for emission mitigation could slightly increase.

4.2.2.3 Technoeconomic assumptions

In terms of technological developmentaput assumptions are based on a wide range of
sources, with estimates on technological costs across main types of energy equipment, from
power generation to heating systems and appliances. In addition, it should be recalled that the
PRIMES model (and otinenodels where relevant) take into account technological progress.

In terms of technological developments relevant to the transport sector, battery costs for electric
vehicles and plugn hybrids are assumed to go down to -380 $/kWh by 2030 and 27205

$/kWh by 2050; further improvements in the efficiency of both spark ignition gasoline and
compression ignition diesel are assumed to take place. In addition, the market share of internal
combustion Bgine (ICE) electric hybrids i®xpected to increase due their lower fuel
consumption compad to conventional ICE vehicles.

For the techn@conomic assumptions in the projection of @@, GHG emissions, see the
detailed technical documentation. In general, technological progress in this domain is strongly
linked to regulation; hendeU Reference scenario assumptions are conservative.

Technology assumptions are based on extensive literature review and have beeui@ged
by the Joint Research Centre of the European Commission.

4.2.2.4 Specific policy assumptios

Following the above described policy modelling approach, the key policies included in the
REF2016 are:

1 The EU Emissions Trading System (Directive 2003/87/EC and its amendments) is fully
reflected in the modelling, including the linear reduction faabrl.74% for stationary
installations and the recently adopted Market Stability Reserve.

1 The Effort Sharing Decision (406/2009/EC) is assumed to be implemented, i.e. ESD GHG
emission reductions at EU level in 2020 need to reach at-lg¥#4t compared to 2% levels.
It turned out that no specific policy incentives in addition to adopted EU and national policies
were needed to achieve the EU level target. National ESD targets need not be achieved
domestically given the existing flexibilities (e.g. transfeeswveen Member States).
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1 The Energy Efficiency Directive (EED) and the Energy Performance of Buildings Directive
(EPBD) are reflected, including Member States' specific obligations as regards energy
savings obligation and buildings codes.

1 Ecodesign and Engy Labelling Directives and &ulations are also reflected.

1 CO, standards for cars and vans regulatidRegulation (EC) No 443/200@amended by
Reguation EU No 333/2014 and Regulation (EU) No 510/2011, amended by Regulation EU
253/2014); CO2 standards for cars are assumed to be 95gCO2/km as of 2021 and for vans
147gCO2/km in line with current legislation. Standards are assumed constant after
2020/202.

1 The Renewable Energy Directive (Directive 2009/28/EC) and Fuel Quality Directive
(Directive 2009/30/EC) including ILUC amendment (Directive (EU) 2015/1513):
achievement of the legally binding RES target for 2020 (including 10% RES in transport
target) br each MS, taking into account the use of flexibility mechanisms when relevant as
well as of the cap on the amount of food or feed based biofuels (7%). Member States' specific
renewable energy policies for the heating and cooling sector are also refidutee
relevant.

1 Directive on the deployment of alternative fuels infrastructDieettive 2009/30/EL

1 The Waste Management Framework Directive (Dixec®008/98/EC) and in particular the
Landfill Directive (Directive 1999/31/EC) which contribute to a significant reduction of
emissions from waste.

1 The revised Fgas Regulation (Regulation 517/2014) strengthens existing measures and
introduces a number dar-reaching changes, notably limiting the total amount of the most
important Fgases that can be sold in the EU from 2015 onwards and phasing them down in
steps to ondifth of 2014 sales in 2030, and banning the use-gages in many new types of
equipnent where less harmful alternatives are widely available.

1 The impacts of the Reforms of the Common Agricultural Policy are taken into account, e.g.
the milk quota abolition.

1 Energy Efficiency Design Index (EEDI) and the Ship Energy Efficiency ManageRiant
(SEEMP) for maritime transport

1 Relevant national policiegor instance on the promotion of renewable energy, on fuel and
vehicle taxation or national building codes, are taken into account.

4.2.3 The modelling of energy efficiency policies in the EU Refence scenario

The EU Reference Scenario reflects policies that were adopted by the end of 2014 regarding
energy efficiency in the EU and in Member States, including the Energy Efficiency Directive
(EED) and the Energy Performance of Buildings DirectizBED). In the following, modelling
instruments that reflect these policieshe PRIMES model are described.

The PRIMES model can simulate different energy efficiency policies with different modelling
instruments. These instruments affect the contextcanditions under which individualsin

the modelling represented by stylized agents per sectoeke their decisions on energy
consumption and the related equipment. The following are the main instruments:
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Modification of model parameters in order to rairtechnology performance or building
codes that are determined in the process of calibrating the interdependent model output
to the observations from the relevant statistical year (in this exercise: 2015).

Modification of assumptions about technical aedonomic performance of future
technologies that are available for future choices by consumers.

Modification of perception of costs of technologies by economic agents.

Modelling instruments for capturing the effects of measures that promote or impose
efficiency performance standards (BAT, ecodesign, CO2 standards for cars and vans).
Such modelling instruments relate to individual technologies or groups of technologies
and modify the perception of associated costs by the modelled agents or influence the
portfolio of technologies that will be available for consumer choice.

Another type of policy measures are those which improve consumer information through
education, labelling, correct metering and billing, energy audits and technology support
schemes aimingat inciting consumers to select more efficient technologies. Such
measures are represented by the modelling instruments that modify the perception of
costs of technologies by economic agents or are directly reflected in the modelling
mechanisms, where aoomic agents are pee informed correctly about the prevailing

and to some extent future prices. This depends on the sector as there is less foresight in
final demand sectors with shorter equipment lifetimes than in power generation sector.

The penetratin of ESCOs as explicitly incited by the EED leads to an environment with
reduced risks for the consumers engaging in energy efficiency renovations, which can
include both changes in the building structure and changes in the energy equipment. This
is represented in the modelling by reduced discount rates for certain sectors, mirroring
the changes in the decision making conditions and constraints of e.g. households and
services. In addition, these measures also induce lower technical and financial risk,
hene reducing the perceived costs of new technologies and saving investments (see also
point above on perception of costs).

Another key modelling tool are energy efficiency values (BEVwhich are modelled

as shadow values of virtual energy savounstraints optionally applying by energy
demand sector. In the modtie EEVs influence the behaviour of consumers acting as a
marginal cost to penalise energy consumption and stimulate energy s&angeuses

and office buildings the EEVs mainly prote improvement of thermal integrity of
building cells by inciting renovation, in industrial sector they incentivise broad range of
energy efficiencyEssentially using the EEVs in the model is a way of representing non
identified policy measuresvhich am at achieving energy savingsorder to achieve a
pre-defined target level of primary energy consumption in 2086tead of modelling
oneby-one the broad range of energy efficiency policy measures, a practical way is to
assume a nerero value of EEV=sand increase it until the nadentified measures
induce an assumed amount of energy savings.

In the context of the BF2016 one of the key elements which PRIMES depicts with
EEVs are the energy efficiency obligation schemes required under Art 7 of Bit€h (w

by themselves according to current legislation can be implemented through a range of
alternative policy instruments with a similar effect), but EEVs can also reflect some
additional Member States' policies. Because of the diversity of approaches,
implementation and intensity of polices, EEVs are differentiated between Member
States.
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The EEVs are measured in EUR/toe saved. Azeo EEV is added to the unit cost of
energy and therefore an additional amount of energy saving investments become cost
efficient. The use of a nemero EEV has no financial implications for the consumers
except the incurrence of additional investment expenditwresh allow in the future
lowering the expenditures for purchasing of fuels and electriditye investment
undertalen by the consumer is counted for e.g. in the energy system kostther

words an EEV is not a subsidy and is not a tax, as it has no direct implications on the
consumer 6s budget.

The EU energy efficiency 2020 and 2030 targets are mainly measuredmia of
primary energy consumption, which depends on several factors, including energy
demand but also fuel mix in power generation, the efficiency of thermal conversion and
loss rates in all supply sectors. The B¢t only by inciting lower use of fin@nergy

in demand sectors and does not influence directly the fuel mix in these sectors. To
achieve a certain energy efficiency objective in terms of primary energy, the model
iterates with varying EE¥to influence demand for energgt the same timeother

model parameters also vary to represent other policies and targets. The model calculates
in each iteration a projection of energy balances, investments, prices and emissions,
forming a scenario.

The EEY have a national component that represents national policies as defined in the
REF2016and an EUwide componentwhich also applies nationally. This Euide
component is harmonised across the EU to ensure harmonisation of additional incentives
across the I8 and to ensure overall achievement of the target as defined by the specific
policy scenarios.

A multiplier effect is used to reflect the public procurement provisions, as the public
sector assumes an exemplary role, i.e. private consumers are imitatipghic sector
energy efficiency actions.

Other measures that foster energy efficiency relate to taxation, in particular excise type
taxes (including those reflecting emissions); they are directly modelled in PRIMES by
Member State and type of fuel, @lling for the full reflection of the effects of energy
taxation and other financial instruments on end user prices and energy consumption.

Also on supply side, energy efficiency policies can be modelled (promotion of CHP,
district heating, limiting grid Isses)i such policies were not, however, modelled in the
scenarios presented in this Impact Assessment in comparison to the Impact Assessment
SWD(2014)255.

Improvements in the network tariff system and the regulations regarding the design and
operation ofgas and electricity infrastructure are also required in the context of the EED;
moreover, the EED requires MS and regulators to encourage and promote participation
of demand side response in wholesale and retail markets. In this contéREFRp@16
assumes that intelligent metering is gradually introduced in the electricity system. This
enables consumers to more actively manage their energy use. It allows for demand
responses so as to decrease peak andcbeeging situations, which generally imply
higher losses in the power grids. Thus, efficiency is also improved as a result of the
intelligent operation of systems.

Finally, some policies and measures that do not target energy efficiency directly lead to
significant additional energy efficiency benefiBmong these policies are the ETS
Directive, the Effort Sharing Decision (ESD)they are reflected by consideration of
carbon market and the national ESD targets.
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91 Policies on promoting RES also indirectly lead to energy efficiency gains; in statistical
terms many RES, such as hydro, wind and solar PV, have an efficiency factor of 1; thus,
the penetration of RES in all sectors, in particular in power generation, induces energy
savings. These policies are reflected by RES tarngetslelling constrainjsand RES
shadow values (see explanations below).

The PRIMES model is based on individual decision making of agents demanding or supplying
energy and on priedriven interactions in markets. The modelling framework includes two
distinct stages: a) a firstagje models decisiemaking behaviour of agents, hence investment

and technology choices; b) a second stage calculates total costs for the entire energy system in
order to support comparisons across scenarios.

In the first stage, agents take decisions amgg the time dimension of money flows. Private
discount factors can be defined as reflecting opportunity costs of raising funds by the actor on a
private basis. The opportunity costs of an investment decision also vary with the degree of
market distoribns and nommarket barriers as well as with the degree of risk associated with the
decision options. The opportunity costs differ hence by sector and by type of agent.

The aim is to assess policy impacts as close as possible to reality and to avoicbunder
estimation of the costs, and thus the difficulties, of transformation required to meet targets and
transition objectives (i.e. transition towards a low carbon economy). Therefore, in line with the
impact assessment guidelines the modelling sed@n private discount raés

For determining the values of discount rates to be applied, the model follows different
approaches by sector. Decisions by firms are based on the weighted average cost of capital
(WACC) to determine the discount rates. THid Reference scenario applies different WACC
rates by business sector, by type of technology (mature versus emerging), by scale level (e.g.
industrial or decentralised versus utility scale) and for companies subject to regulation by the
state. WACC ratesary between 7.5% and 11% as shown in the two tables below.

Table 3: Decision making discount rates in energy supply sectors (202050)°

Assumptions foREF2016 Discount rateg
Regulated monopolies and grids 7.5%
Companies itompetitive energy supply markets 8.5%

RES investment under feduttariff 7.5%
Investment under contract for differences 7.5%

RES investment under fedd premium, RES obligation, Quota systems with certificat{ 8.5%

RES investment in competitivearkets 8.5%

Risk premium specific tammature or less accepted technologies 1-3 %

Risk premium specific to investment surrounded by high regulatory or political uncell No
Countryspecific risk premiums No

Soure: PRIMES

8 This is different from the perspective of a social planner who optimises the whole system from a societal

perspectiveln such a perspectivaocial discount rates could play aedbr determining normative intéemporal
choices

49 The assumptions shown in the table are similar to those of the Reference 2013.exercise
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Table 4: Decision making discount rates of firms in energy demand sectors (2020507°

Assumptions foREF2016 Discount rates
Energy intensive industries 7.5%

Non energy intensive industries 9%

Services sectors 11%

Public transporfroad and conventional rail) 7.5%

Public transport (advanced technologies, e.g. high speed rail) 8.5%
Business transport sectors (aviation, trucks, maritime) 9.5%

Country risks No

Source: PRIMES

Decisions by individuals are modelled based orsubjective discount rate, annualizing
investment costs following the equivalent annuity cost method. Literature strfiegishigh

implicit discount rates for households, because of various factors, such as lack of information,
uncertainties, different irene levels, lack of sufficient funding, agency costs, transaction and
hidden costs. By varying the discount rates applied in the model, it is therefore possible to
reflect, for instance, the effects of energy efficiency policy instruments, mainly ESCOs,
campaigns and labelling programs, by lowering the discount rates when these policies are
implemented. Therefore, the EU Reference scenario uses discount rates for individuals
reflecting both existing barriers for investment decisions (which have an upwand eh
discount rates) and the impact of existing energy efficiency policies, such as-kaiggng,

energy performance certificates for buildings, or the promotion of energy service companies
(ESCOs), which are reflected by lower discount rates casdpty default values. As such,
discount rates for investment decisions used in the Reference scenario are comprised between
9.5% and 12% depending on the consumer good subject that is purchased.

Table 5: Decision making discount ates of individuals in energy demand sectors (202D50)

EU Reference scenario 2016

Modified discount rate

Default discount rates liue to EE policies

Private cars 11% 11%
Hoqseholds for renovation of houses and for he14.750/o 1206
equipment

Households for choice of appliances 13.5% 9.5%

0 The assumptions shown in the table are significantly lower than those used fReférence 2013

exergse

> For i nstance: Mundaca Lui s, Lena NeHvauatingeenangyt Wor ¢
efficiency policies with energgconomy modets, Ernest Orl ando Lawrence Berkel
full list of references, please refer to the Refeence scenario publication

(https://ec.europa.eu/enerqgy/sites/ener/files/documents/REF2016 report -idbAbhdj.
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Note: the discount rate assumptions are significantly lower in Reference 2015 compared to
Reference 2013

As describedabove, in a second stage the model analyses the resulting energy system costs.
Here, thecrucial element is the amount of money that energy consuming agents (households and
firms, grouped into the sectors services and industry, transport and agriculture) are required to
pay in order to get the energy services they need. Energy serviceswadegitny using energy
commodities purchased by endnsumers, which depend on energy efficiency at the
consumption level. The PRIMES report aggregates capital or investment expenditures (CAPEX)
and purchasing costs for fuels and other energy commoditiegpenational expenditures
(OPEX) of endconsumers to show a single total cost figure. OPEX foruseds already
incorporates through pricing of energy commodities the CAPEX and OPEX costs incurred by
the energy supply and trading sectors (calculated ubm@bove mentioned WACC rates for
those sectors). For making costs comparable, the CAPEX figures related to investments by final
energy demand consumers also need to be annualised, and a flat discount rate of 10%ris used f
this purpos#.

As in previols modelling exercises, comparability across the scenarios is of key importance and
implies that the discount rates used in the cost accounting must not vary between scenarios.
Consequentlythe flat discount rate of 10% used for annualising CAPEX ofaendumers in

the cost reporting of PRIMES and the reporting discount rates used for the Reference scenario is
kept unchanged in all scenarios.

52 The approach adopted in the 20R&ference scenario and the present Impact Assessment accounts for the costs

associated with CAPEX for final energy demand consumers using a flat rate (10%) across all end consumers, a lower rate than
in the past that is more in line with the WACC usedtfar supply sector. This means that high perceived discount rates, which

may be the result of market failures not related to financing (such as lack of information, split incentivesprrgemaskd for

cost accounting.
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4.3 Summary of EU Reference scenario 2016 main results

4.3.1 Gross inland consumption

The graphs below present the progectevolution of EU Gross Inland Energy Consumption.
After the 2005 peak, energy consumption is projected to steadily decline until 2040, where it
stabilises. Oil still represents the largest share in the energy mix, mostly because of transport
demand. Soll fuels see a significant reduction in their share of the energy mix, while the
biggest increase is for renewable energy. Natural gas and nuclear energy keep relatively stable
shares in the energy mix.

Figure 5: EU28 Gross InlandConsumption (Mtoe, left; shares (%), right)
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Source: PRIMES

4.3.2 Energy security

EU energy production is projected to continue to decrease from around 760 Mtoe in 2015 to
around 660 Mtoe in 2050. The projected strong decline in EU domestic production émsall f

fuels (coal, oil and gas) coupled with a limited decline in nuclear energy production is partly
compensated by an increase in domestic production of renewables. Biomass and biowaste will
continue to dominate the fuel mix of EU domestic renewableygstazh, although the share of

solar and wind in the renewable mix will gradually increase from around 17% in 2015 to 36% in
2050.
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Figure 6: EU28 energy production (Mtoe)
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Source: PRIMES

EU's import dependency shows a slowlyreasing trend over the projected period, from 53% in
2010 to 58% in 2050. RES deployment, energy efficiency improvements and nuclear production
(which remains stable) counteracts the strong projected decrease in EUi&gsibduction.

Solid imports & well as crude oil and (refinery) feedstock decline throughout the projection
period, while oil products imports slightly increase. Natural gas imports increase slightly in the
long term reaching approximately 370 Bémet imports in 2050. Biomass remainmstly
supplied domestically, although the combination of increased bioenergy demand and limited
potential for additional EU domestic supply leads to some increases in biomass imperts post
2020 (from 11% of biomass demand in 2020 to about 15% in 2030egodd).

Up to 2020, the consumption of gas is expected to remain stable at around 430bcm in gross
inland terms. Post 2020, a slight decrease in gross inland consumption of gas (412 bcm in 2030)
is projected, as well as further reductions in indigenousdymtion of gas. Net import
dependency of natural gas registers an increase as domestic gas production continues its
downward trendThe imported volumes of gas are projected to increase between 2015 and 2040
and then to stabilise in the long term, 15%\abthe 2010 net import level (from 309 bcm in

2010 to 369 bcm in 2050).

53 The conversion rate of 1 Mteel.11 becm was used for natural gas, based on the BP conversion calculator.

49



Figure 7: Gas- production, net imports and demand (volumes expressed in bcm)
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4.3.3 Internal energy market and investments

The EU powergeneration mix changes considerably over the projected period in favour of
renewables. Before 2020, this occurs to the detriment of gas, as strong RES policy to meet 2020
targets, very low coal prices compared to gas prices, and lowp@¢2s do not helgas to

replace coal. After 2020, the change is characterised by further RES deployment, but also a
larger coal to gas shift, driven mainly in anticipation of increasing [i0es.

Gas therefore maintains its presence in the power generation mix in &08lGgltly higher
levels in the long term compared to 2015). The share of solids/coal in power generation
significantly declines, but not before 2020, to 15% in 2030.

Figure 8: EU power generation (net) by fuel (Mtoeg' left, sharesi right)
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Variable RES (solar and wind) reach around 19% of total net electricity generation in 2020,
25% in 2030 and 36% in 2050, demonstrating the growing need for flexibility in the power
system. Wind onshore is expected to providel#ingest contribution. Solar PV and biomass also
increase over time. Hydro and geothermal remain roughly constant. The share of nuclear
decreases gradually over the projected period despite some life time extensions and new built,
from 27% in 2015 to 22%» 2030.
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REF2016 shows increasing volumes of electricity trade over time. The flow between regions
increases from 17% in 2015 to 26% in 2020, 29% in 2030 and then stays almost stable for the

remainder of the projection period reaching 30% in 2050. Mawedriare intermittent RES

power generation and the resulting balancing requirements. Trade is facilitated by the assumed

successful development of the ENTEOTenYear Network Development Plan 2614s well
as parEuropean market coupling and sharing serees and flexibility across Member States.

Average retail electricity pricéssteadily increase up to 2030 by about 18% relative to 2010
levels, stabilising around 20% during 263040, after which they start to gradually decrease.
The structure of elégcity costs changes over time, with the capital cost component (generation

and grid costs) increasing significantly in the short term up to 2020, but decreasing afterwards in

the longer term. From 2030, the fuel cost component remains stable despitrehse in fuel
prices, due to a decreasing share of fgs&l combustion. Transmission and distribution costs
increase significantly in the longer term, p@680, partly linked to the need to cater for the
increased presence of RES in the power géoereix.

Figure9: Decomposition of electricity generation costs
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As a result of the modelling, the carbon price is projected to increase, reflecting both the steadily

decreasing ETS camnd the stabilising effect of the Market Stability Reserve. However, the
increase in electricity prices due to ETS remains limited despite the significant increase in CO
price, as the share of carbotensive power generation decreases.
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Source https://www.etsoe.eu/majoeprojects/teryearnetworkdevelopmenplan/ten%20year%

20network%20development%20plan%202016/Pages/default.aspx
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In the PRIMES model, prices differ per type of arskr.
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Figure 10: ETS emissions and carbon prices over time
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Electricity prices for households and services are projected to increase moderately in the
medium term and to decrease slightly in the long term. Prices for industhe aontrary are

stable or decrease over time as energy intensive industry maintains an electricity demand profile
compatible with basébad power generation and bears a small fraction of grid costs and taxes.
Taxes apply mainly on prices for householdd services.

Investment expenditures for power supply increase substantially until 2020 driven by RES
targets and developments, but slow down thereafter, until 2030, before increasing again from
2030 onwards notably due to increasing ETS carbon pricestmeflea continuously decreasing

ETS cap based on the current linear factor. New power plant investment is dominated by RES,
notably solar PV and wind onshore. Nuclear investment mostly takes place via lifetime
extensions until 2030 and in the longer tefimmvew built, such as projected in, for instance, the

UK, Finland, Sweden, France, Poland, and other Central European Member States. New thermal
plant investment is mainly taking place in geed plants.

Figure 11: Net power capaity investments by plant type (MWhi for five year period)
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Investment expenditures in demand sectors (figure béldsit hand side) over the projected
period will be higher than in the past. They notably peak in the short term up t¢ 2020
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particularly in the residential and tertiary sectors, as a result of energy efficiency polices. Post
2020 they slightly decline until 2030, before increasing again to 2050. On the supply side
(figure belowi right hand side), investments peak towards020Bllowed by a decrease,
notably explained by a decline in power generation investments.
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Source: PRIMES

Transport investments (expenditures related to transport equipment) steadily increase over time
but maintain a relatively stable share of GDP (i.e. between 4% and 4.5% of GDP over the
projection period).

The relative weight oénergyrelated spending in households' expendfflircreases in 2020
compared to 2015 (7.5% compared to 6.8%), stabilising until 2030 before decreasing again until
2050 (6.1%).

4.3.4 Moderation of energy demand

In 2020, primary energy consumption decreased&y% (relative to the 2007 baseline, i.e.
how the energy efficiency target is defined), more than the sum of national Member States'
indicative energy efficiency targets but still falling slightly short of the 2020 indicative EU
energy efficiency targesf 20%. In 2030, energy consumption is projected to decrease (again
relative to 2007 baseline projections) by 23.9%. Primary energy demand and GDP continue to
decouple which is consistent with the trends observed since 2005. Energy efficiency
improvementsare mainly driven by policy up to 2020 and by market/technology trends after
2020.

% Share of energy system costs for the residential sectoragdses and annualised capital costs of energy

related investment expenditures) in total households' consumption
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Figure 13: Decoupling of EU energy use and intensity from GDP (2005=100)
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The distributon of final energy consumption across sectors remains broadly similar to the
current picture, all the way to 2050, with transport and the residential sector comprising the
lion's share of final energy consumption (32% and 27% of final consumption, reslyedn

2030). Industry sees its share in final energy demand slightly decreasing, from 28% in 2005 to
23% in 2050, mostly due to improved energy efficiency in-aoargy intensive industries. The
tertiary (services and agriculture) sector keeps a sshbles of about 17%.

Figure 14: Evolution of final energy demand by sector (Mtod left, sharesi right)
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With regard to the fuel mix in final energy demand, there is a gradual penetration of electricity
(from 20% in total final energy use in 2005 to 28% in 2050). This is because of growing
electricity demand as compared to other final energy use and to sestrdieation of heating

(heat pumps) and to a limited extent of the transport sector.
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Figure 15: Evolution of final energy demand by fuel (Mtoei left, sharesi right)
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Energy intensity of the industrial sectoesnains approximately constant in the medium term, as
additional energy demand is due to the increase in production activity. In the long term however
energy demand decreases, even though activity in terms of value added progresses. This is due
to the engyy efficiency embedded in the new capital vintages which replace old equipment and
structural changes towards higher value added and less eéntngsive production processes,

such as in iron and steel or nfErrous metals.

Figure 16: Industrial energy demand versus activity (value added)
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In the residential sector, energy demand remains below 2015 levels throughout the projection
period. Energy demand decouples from income growth more than would be suggested by
simple extrapolation of past trends as the efficiency policies drive energy intensity
improvements faster in the medium term; in the long term however the rate of improvements
decreases due to the absence of additional policies.
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Figure 17: Final energy demand in the residential sector
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The activity of the transport sector shows a significant gro®tho(! Reference source not
found.4), with the highest increase in 2010 to 2030, driven by developments in economic
activity. Historically, the growth of final energy demand in the transport sector has shown strong
correlation with the evolution of transport adiyv However, a decoupling between energy
consumption and transport activity has been recorded in the past years. The decoupling between
energy consumption and activity is projected to continue and even to intensify in the future.
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Figure 18 Trends in transport activity and energy consumption
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Source: PRIMES and GEM3; For aviation, passenger transport activity includes domestic,
international intraEU and international extraEU aviation.

Electricity use in transport is expected to increase steadily as a result of further electrification of
rail and the uptake of alternative powertrains in road transport. However, its share is projected to
remain limited in the Reference scenario, increagiom 1% currently to 2% in 2030 and 4% in
2050. The uptake of hydrogen would be facilitated by the increased availability of refuelling
infrastructure, but its use would remain low in lack of policies adopted beyond the end of 2014.

Liguefied natural ga becomes a candidate energy carrier for road freight and waterborne
transport, especially in the medium to long term, driven by the implementation of the Directive
on the deployment of alternative fuels infrastructure and the revised-Euaopean Transpt
Network (TENT) guidelines which represent important drivers for the higher penetration of
alternative fuels in the transport mix. However, the potential of gas demand developments in the
transport sector do not fully materialise in the Reference soersggesting that additional
policy incentives would be needed to trigger further fuel switching.

Diesel is projected to maintain its share in total final energy demand in transport by 2030,
slowly decreasing its share only during 2@8160. Consumptionof gasoline declines
considerably until 2030, continuing the declining trend from 1995 and stabilizes from thereon to
2050. Consumption of jet fuels in aviation increases steadily by 2050 due to the strong growth
in transport activity and despite improvents in energy efficiency.
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Figure 19: Final energy demand in transport by fuel type
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Oil products would still represent about 90% of the EU transport rseeteds (including
maritime bunker fuels) in 2030 and 86% in 2050, despite the renewables policies and the
deployment of alternative fuels infrastructure which support some substitution effects towards
liquid and gaseous biofuels, electricity, hydrogen rmagiral gas.

4.3.5 Decarbonisation

The EU Reference scenario 2016 is set up to meet the binding energy and climate targets for
2020, the latter being achieved as a result of existing policies. However, it showsrthat c
policies and market conditions willetiver neither the agreed 2030 targets nor our -teng

2050 objective of 80 to 95% GHG emission reductidmsddition, as mentioned above, based

on current market trends and adopted policies, the energy efficiency 202ndorg target is

not met iNREF2016, the scenario projecting a reduction in primary energy savings (relative to
the 2007 baseline) of 18% in 2020, and, respectively, 24% in 2BBG emissions from
sectors covered by the Effort Sharing Decision are projected to decrease by 16% am@®¥

24% in 2030 below 2005 levels, less than emissions in sectors covered by the EU Emission
Trading System. The latter continue to decrease significantly after 2030.

Figure 20: Projection of key policy indicators: GHG, RES,(EE)
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4.3.6 Renewable Energy

In 2020, the RES share in gross final energy consumption reaches 21% in 2020, while in 2030,
it increases slightly further, reaching 24%.

Renewable electricity is projected to increase (as a share of net gemexation) from around

28% in 2015 to 36% in 2020, which implies an acceleration compared to observed trends today,
in particular in a number of countries that are currently facing difficulties to meet their target.
Further RES share increases are momatdd until 2030, reaching 43%, as RES policies are
phased out in REF2016 after 2020 and only the most competitive RES technologies are
projected to emerge.

The RES share in heating and cooling (RESC) increases from 17% in 2015 to 22% in 2020,
reaching25% in 2030. The use of RES in final demand for heating and cooling is the main
driver of RESH&C increase in the short term, but its contribution stagnates in the long term. In
the longterm, RES in CHP and heat plants (e.g. district heating), as wsshas deployment of
heat pumps, drive further increase of the RESSC share. Energy efficiency, implying lower
demand for heat in all sectors, is also an important driver in the medium and long term.

The RES share in transport (REpreaches 11% in 2020he development of biofuels is the

main driver in the short term, but their contribution stagnate in the long term. The biofuel
penetration is mainly driven by the legally binding target of 10% renewable energy in the
transport sector. Projections alsdkdainto consideration specific Member State mandatory
blending obligations and tax incentives, as well as the Indirect Land Use Change (ILUC)
amendment of the Renewables and Fuel Quality Directives, and corresponding changes in RES
T target accounting rute Higher share of RES in electricity, combined with the relative
increase of electricity use in transport (albeit modest in share terms), is the main contributor to
REST in the long term.

4.3.7 CO,emission reduction

In REF2016, the binding energy and climagéegets for 2020 will be met by assumption.
However, arrent policy and market conditions will not deliver achievement of either the EU
2030 targets or the EU lortgrm 2050 decarbonisation goal.

Total CQ emissions are projected to be 22% below 1990Idety 2020. In 2030, CO
emissions reduce (relative to 1990 levels) by 32%. Most of these emissions are energy related,
and this part also determines the overall trends-&@rgy related C£emissions mainly relate

to industrial processes, and remairheatstable. Landise related C®emissions are discussed
below in the LULUCF section.

Emission reductions in the ETS sectors are larger than those in sectors covered by the Effort
Sharing Decision (ESD) as current legislation implies a continuation oéduetion of the ETS

cap with 1.74% per year over the projected period leading to a carbon price driving long term
emission reduction. In the ESD sectors there are no further drivers beyond market forces (e.qg.
rising fossil future fuel prices) and the conied impact of adopted policies such as,CO
standards for vehicles or energy performance standards for new building to further reduce
energy and consequently emissions. Around two thirds of ESD sector emissions sare CO
emissions, the rest are r@QO, emissions.

CO, emissions can be decomposed in the following components GDP, Energy Intensity of GDP

and Carbon Intensity of Energy. The Energy Intensity of GDP component declines due to

structural changes in the economy and increasing energy efficiencysectils. The decrease

of carbon intensity of energy supply becomes an increasingly significant component over the
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period. This is mainly due to Renewable Energy policies in the short term and the ETS in the
medium to long term.

On a sectoral level, CCemissions decrease in all sectors between 2010 and 2050. The figure
below shows a steep decrease in power generation, whereas emissions in the field of transport
decrease at much slower pace, and the transport sector becomes the largest sougce of CO
emissios after 2030. Noenergy and notand use related GOemissions (e.g. industrial
processes) reduce only slowly throughout the projection period; however they only represent a
small share of total CO2 emissions.

Figure 21: Evolution of CO, emissions (Mt) by sector
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4.3.8 Non-CO, GHG emission reductions

Non-CO, emissions (Chl N,O and Fgases), accounted @013 for 18% of total EU GHG
emissions (excluding LULUCF). They have decreased significantly (32%) between 1990 and
2013. They are expected to further decrease by 29% below 2005 levels in48¥8@x0mpared

to 1990 levels), and to stagnate later on4, @hhissions which have the largest share in this
aggregate are projected to decrease above average (33% due toigdiends in fossil fuel
production, improvements in gas distribution and waste management).,@ndnssions fall

less than average (17%) until 2030, both remaining flat thereaftgsé&s would reduce by half
between 2005 and 2030, largely drivenEHy and Member State's policies (i.e. the 20igaBb
regulation and Mobile Air Conditioning systems directive)gdses would increase somewhat
between 2030 and 2050 in line with economic developments. Except for a very minor fraction
from some specific ingstries, norCO, emissions fall under the ESD.

The nonCO, emission trends and their drivers vary by secdgriculture is responsible for
about half of all norCO2 emissions and is expected to increase its share in tota@ountil

2030. While the agricultural neGO, emissions have reduced by 22% between 1990 and 2013,
they are projected to roughly stabilize at current levels as a result of different trends which
compensate each other, such as decreasing herd sizes (batinyofaivs and of nowlairy

cattle) but increasing milk yields. Slightly reduced use of mineral fertilizer through improved
efficiency (2% less in 2030 than in 2005) leads to corresponding reduction®iemissions

from soils. Improved manure managemeng( through anaerobic digestion) also delivers minor
emission reductions. The Common Agricultural Policy influences, inter alia, livestock
numbers/intensities and the Nitrogen Directive and the Water Framework Directive impact on
the use of fertilizer.
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Figure 22 Non CO2 GHG emissions
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Waste is currently the second most important sector emitting@OR2. There, a substantial
reduction between 2005 and 2030 is expected (70%), strongly driven by environmental
legislaion, such as the Landfill directive and improvements in waste management as well as an
update in inventory methodology of historic landfills that results in increased historic emissions
and subsequent increased reductions of these emissions in the médweom future. Also an
increasing amount of CHs recovered and utilised, thereby impacting on these trends towards
lower emissions. After 2030, however, a moderate increase is projected, reflecting trends in
economic development.

CH; and NO emissiondrom theenergy sector (including transport) are expected to decrease
by 36% from 2005 to 2030, and by 26% between 2030 and 2050. The main reductions come
from less coamining and crude oil production in the EU, together with reduced emissions from
power generation using fossil fuels. On the other hand, transport is expected to generate an
increasing share of energy sector @@, emissions (KO from road transport being the most
important contributor), growing from 12% in 2005 to 15% in 2030 and 20%50 %ithin the

energy aggregate.

Emissions fromair conditioning and refrigeration decrease by half from 2005 until 2030, also
thanks to existing legislation (i.e. the new 2014ds Regulation and the Mobile Air
Conditioning systems Directive).

Most of tre norCO, emissions fromndustry i overall a minor noyCO, sector- are covered

by the EU ETS (production of adipic and nitric acid, and of aluminium). The resulting
incentives in combination with relatively cheap abatement options and existing national
legislation cut emissions quite rapidly, to only a fifth in 2030 of those in 2005. For the period
after 2030 slight increases are projected in line with economic trends.

Emissions from thevastewater sector and remainingther sectorsare projected to inease
moderately in line with economic development over the whole period covered.
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4.3.9 LULUCF emissions and removals

The EU28 Land Use Land Use Change and Forestry (LULUCF) sector is at present a net carbon
sink which has been sequestering annually on avarage than 300 Mt C@over the past
decade according to the UNFCCC inventory tata REF2016, the LULUCF sink is expected

to decline in the future t288 Mt CQ eq in 2030 from299 Mt CQ eq. in 2005 and decreases
further after 2030. This decline is thesult of changes in different land use activities of which
changes in the forest sector are the most important. These changes are driven partly by the
increase in timber demand (itself partially a result of the increase in bioenergy demand that is
expeckd in order to reach the RES targets in 2020). The figure blow shows the projection of the
total EU28 LULUCF sink in REF2016 and the contribution from different land use categories.

At present, the carbon sink in managed forest |aBd3(Mt CQ eq. in 2A0 without applying

any accounting ruléy is the main component of the LULUCF sink. The managed forest land
sink is driven by the balance of forest harvest and forest increment rates (accumulation of
carbon in forest biomass as a result of tree growthredt harvest is projected to increase over
time from 516 million m in 2005 to 565 million rhin 2030 due to growing demand for wood

for material uses and energy production. Along with the aging of EU fiosekich reduces the
capacity of forest to segsier carbon the forest increments are projected to decrease from 751
million m® in 2005 to 725 million Min 2030. As a consequence, the rate of accumulation of
carbon (i.e. the sink) in managed forest land declines by 32% until 2030. This is partially
compensated by a continuation of increasing trend in carbon sink from afforestation and
decreasing trend a@missions from deforestation which decline from 63 Mt @0O2005 to 20

Mt CO; eq. in 2030. Carbon sequestration from afforested land increases steadily to 99 Mt
COeq. by 2030, as new forests continue, albeit at slower rate, to be established. In,addition
young forests that were established over the last 20 years get into a phase of high biomass
production.

Activity in the agricultural sector (on cropland and grassland) has a smaller impact on the total
LULUCEF sink than the forest sector. Still, net carlmmissions from cropland are projected to
decline by some 18% by 2030 compared to 2005 as soils converge towards soil carbon
equilibrium over time. In addition, perennial crops (miscanthus, switchgrass and short rotation
coppice) that typically sequestadditional carbon in soil and biomass contribute to decreasing
cropland emissions. By 2030, 0.9 Mha of perennial crops are expected to be cultivated. The
grassland sink increases to aroufhl Mt CQ, eq. in 2030 as land continues to be converted to
grasslad e.g. through cropland abandonment while at the same time the total grassland area
slightly declines over time due to afforestation and the expansion of settlements.
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See:http://unfccc.int

The GHG accounting approach for LULUCF differs from other emission sectors. Notédmgst
management is not acamied compared to historic emissions, but against a so called Forest Management Reference
Level. This means that the accounted removals from the LULUCF sector are much smaller than the reported
removals seen by the atmosphere.
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Figure 23 EU28 emissions/removals in the LULUCF sector in MCO2 eq. until 205%9
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4.3.10 Research, innovation and competitiveness

Although REF2016 does not deal explicitly with research and innovation, it does tackle directly
the penetration of new technologies. The approach is in two stepsabssginptions are made

on techneeconomic characteristics and technological learning curves based on latest scientific
evidencé&. Figure 20 presents an illustration of the RES power technologies assumptions used
in REF2016. Second, the model endogenouslyecsel the most economically viable
technologies at each point in time, leading to further technological cost reduction as
technologies are deployed at increasingly larger scales.

The development of solar photovoltaics (PVs) starts from lower costs thdéme iprevious
Reference Scenario and has a positive learning curve throughout the projection period. This
translates into significant deployment of solar PVs in REF2016, especially in Southern Europe.

Although wind onshore costs are already competitive wiany conventional technologies, the
remaining potential for learning is estimated to be small, but costs can decrease due to the size
of turbines and their height; very small scale wind is the only exception and still has high
learning potential.

Thereremains large uncertainty about the costs for offshore wind and there have been cost
increases due to previously unforeseen difficulties and logistics. Surveys have identified
significant potential of cost decrease due to economies of scale and passibilithprovement

in logistics, but these cost decreases are likely to occur only towards 2030. As such, offshore
wind developments in REF2016 are more conservative than in past exercises.

9 Emissions from deforestatio and harvested wood products are inc

UNFCCC inventories.
60 See notably the European Commission's Joint Research Centre ETRI 2014 report, available at:
https://setis.ec.europa.eu/publicationsfetisreports/etri2014
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Figure 20: lllustrative levelized cost of electricity forsele@d RES t echnol ogi es (-expr es:s
net)
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Compared to the previous Reference scenario, the costs of nuclear investment have increased
and also the costs for nuclear refurbishments have been revised upwards. Altfedingé |
extensions of nuclear power plants remain economically viable in most cases, investments in
new built plants are lower compared to previous projections.

The construction of power plants equipped with carbon capture and storage (CCS) technologies
is developing at a very slow pace, and is dependent on public support (e.g. EEPR and NER300).
Geological restrictions as well as current political restrictions on storage are also reflected. For
these reasons, CCS costs are assumed higher than in pregfeusnRe scenarios. Uptake of
carbon capture and storage (CCS) in power and industry beyond supported demonstration plants
remains very slow and occurs only towards the end of the projection period, driven by
increasing ETS carbon prices.

On the demand side, demand for electric appliances continues to increase. However, there is an
uncoupling between appliance stock and energy consumption due to the technological progress
facilitated byecodesigmegulations.

Car manufacturers are expecttr comply with the C@ standards by marketing vehicles
equipped with hybrid system, which are becoming more appealing to the consumers thanks to
lower costs. Electrically chargeable vehicles emerge around 2020 and arstakied by
existing EU and natial policies as well as by incentive schemes aiming to boost their
penetration. The share of activity of total electric vehicles in the total activity of light duty
vehicles reaches 15% in 2050. Fuel cells would add an additional 2% by 2050. Other energy
forms such as liquefied petroleum gas (LPG) and natural gas maintain a rather limited share.
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Figure 24: Evolution of activity of light duty vehicles by type and fuef*
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Energy system costs increase up to@®Q02arge investments are undertaken driven by current
policies and measures. Overall, in 2020 energy system costs constitute 12.3% of the GDP, rising
from 11.4% in 2010 and 11.2% in 2015, also driven by projected rising fossil fuel®prices
Despite furtheffossil fuel price increases, between 2020 and 2030 the share remains stable and
decreases thereafter, as the system reaps benefits from the investments undertaken in the
previous decade (notably via fuel savings). In this period, the share of energy sgsts in

GDP is gradually decreasing, reaching levels close to 2005 by 2050.

Figure 25: Projected evolution of energy system costs
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Source: PRIMES, Energy system costs exclude ETS auction payments, given that they result in
corresponding auction revenues.
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o Light duty vehicles include passenger cars and light commercial vehicles.

Total system costs include total energy system costs, costs related to-frOgedmtenent and norCO,
GHG abatement.
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4.4 Overview of modetbasedpolicy scenarios

Two central policy scenarios reflecting the 2030 targets and main elements of the 2030 climate
and energy framework agreed by the European Council in®20e been developed
EUCQO27 and EUCOS30. This recognises that for the energy efficiency target a review will still
be undertaken to set the level of ambition. These scenarios also aim to provide consistency
across a number of impact assessments underpinning 2016 Energy Unionppatiogals.

Using two central scenarios increases the robustness of policy conclusions.

All policy scenarios build on th®EF2016 as described in the section abpead add the
targets and policies described in detail in section below.

In addition, coordiation policies are assumed which enable long term decarbonisation of the
economy. Coordination policies replace the "enabling conditions" which have been modelled in
2030 framework 1A and the 201¢hpact Assessmeinin 2030energy efficiencyargets.

4.4.1 EUCOZ27 policy scenario

In October 2014, the European Council decided on the energy and climate 2030 frafhework
The following was agreed among the heads of states and governments:

1 Substantial progress has been made towards the attainment of the EU tarGei&for
emission reduction, renewable energy and energy efficiency, which need to be fully met
by 2020.

1 Binding EU target is set of an at least 40% domestic reducti@H@ emissions by
2030 compared to 1990.

1 This overall target will be delivered collectiyeby the EU in the most cosffective
manner possible, with the reductions in the ETS andBT® sectors amounting to 43%
and 30% by 2030 compared to 2005, respectively.

1 A well-functioning, reformed Emissions Trading System (ETS) with an instrument to
stabilise the market in line with the Commission proposal will be the main European
instrument to achieve this target; the annual factor to reduce the cap on the maximum
permitted emissions will be changed from 1.74% to 2.2% from 2021 onwards.

1 An EU targetof at least 27% is set for the share of renewable energy consumed in the
EU in 2030. This target will be binding at EU level.

1 Anindicative target at the EU level of at least 27% is set for improving energy efficiency
in 2030 compared to projections of dm energy consumption based on the current
criteria. It will be delivered in a cosiffective manner and it will fully respect the
effectiveness of the ETSystem in contributing to the overall climate goals. This target
will be reviewed by 2020, having mind an EU level of 30%.

1 Reliable and transparent governance system is to be established to help ensure that the
EU meets its energy policy goals, with the necessary flexibility for Member States and
fully respecting their freedom to determine theirrggemix.
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http://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/ec/145397.pdf
http://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/ec/145397.pdf
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These requirements are reflected in the scenario called the European Geluaxd) (scenario
with a minimum 27% energy efficiency target for 2030: EUCO27.

The table below summarises the assumptions on climate, renewable energy and specific energy
efficiency policies in the EUCO27aselinescenario that have been modelled.

Table 6: Policy assumptions in EUCO27 scenario

EUCO27 | This scenarias designed to meatl 2030 targets set by the European Council
1 Atleast 40% GHGeduction (wrt. 1990).

1 43% GHG emissions reduction in ETS sectors (wrt. 2005).

1 30% GHG emissions reduction in Effort Sharing Decision sectors
2005).

At least 27% share of RES in final energy consumption.

27% primary energy consumption reduction(i.e. achieving 1369 Mtog¢
in 2030) compared to PRIMES 2007 baseline (1887 Mtoe in 2030).
equals a reduction of primary energy consumption of 20% compatr
2005 primary energy consumption (1713 Mtoe in 2005).

T
T

Main policies and incentives additional tacREF2016

Revised EU ETS
1 Increase of ETS linear factor to 2.2% for 2601
1 After 2030 cap trajectory to achiev@0% emission reduction in 2050
line with Low Carbon Economy Roadmap.

Renewables policies

1 Renewables policies necessary to achieve 27% taeftdcted by RES
values applied in electricity, heating&cooling and transport sectors.

Enerqy efficiency policies:

Residential and services sector

1 Increasing energy efficiency of buildings via increasing the rats

renovation and depth of renovatidn. this model, better implementatic

of EPBD and EED, continuation of Art 7 of EED and dedicated nati

policies are depicted by the application of energy efficiemajues
(EEVS).

1 Financial instruments and other financing measures on the Europea
facilitating access to capital for investment in thermal renovatio
buildings. This, together with further labelling policies for heat
equipment, is depicted byraduction of behavioural discount rates for
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households from 12% to 11.5%.
f More stringeh (than inREF2016°) ecodesign standards banning the I¢
efficient technologies.

Industry
1 More stringent (than in BF2016§ ecodesign standards for motors.

Transport
1 CO; stggdard for cars: 85g/km in 2025; 75g/km in 2030 and 25,(@GC
in 2050>.
| COzdss,Ytandards for vans: 135g/km in 2025; 120g/km in 2030; 60g/k
2050
1 15% average annual energy efficiency improvements for
conventional and hybrid heavy goods vehicles between-20320 and
0.7% between 203R050.
1 Measures on management of transp@emand:
- recently adopted measures for road freight, railways and ir
navigationt®;
- gradual internalisation dfansport local externaliti&as of 2025 an(
full internalisation by 2050 on the intarban network.

Non-CO2 policies
T In203Qcarbon values of-CAQR@GHB Bmissignpi
order to trigger costffective emissions reductions in these sec
including in agriculture.
9 After 2030, carbon values set at EU ETS carbon price level.

In the EUCOZ27 scenario, energy effiocy delivers a large part of GHG emissions reduction in

the ESD sectors. This reduction is complemented by-eftettive reductions in ne@0O,
emissionsi mostly in agriculture. This approach r
2030 targets (SWD@.4) 15 final), where a certain amount of 0@, emissions reduction

was necessary to achieve 40% GHG reduction.

Reductions of noi€O, emissions in the 2030 perspective can be (up to a certain extent) cost
effective. To achieve those cesffective redutions in the agricultural sector would require a
political commitment for corresponding EU or national measures. This option is, however, only
explored in the baseline EUCO27 scenario, as in the additional policy scenarios more ambitious
energy efficiencypolicies deliver all necessary reductions in ESD sectors.

&5 The Reference scenari@d016 does not include the revisions of existing -€esign measures that are

required by theiimplementing regulationser anyfuture measuresinder this directive which are currently under
discussion

e OnNEDC testcycle

67 OnNEDC testcycle.

68 Directive on Weights & DimensionEourth railway package, NAIADES Il package, Ports Package

69 Cods of infrastructure wear & tear, congestion, air pollution and noise.
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4.4.2 EUCO30 policy scenario

The EUCOS30 scenario is constructed similarly to the EUCO27 scenario, but raises the ambition
level of the specific energy efficiency policies in a cost effective way. Iteémehts the
European Council guidance of having in mind 30% for the review of the Energy Efficiency
Target. A relevant implication is that more ambitious energy efficiency policies deliver all
necessary reductions in ESD sectors, and no reductions i€@@®rsectors such as agriculture
beyond REF2016take place.

EUCO30 | This scenariois designed to meet all 2030 targets set by the Europe
Council:

1 Atleast 40% GHG reduction (wrt. 1990).
43% GHG emissions reduction in ETS sectors (wrt 2005).
30% GHGemissions in Effort Sharing Decision sectors (wrt 2005]
At least27% share of RES in final energy consumption.
30% primary energy consumption reduction (i.e. achieving 132
Mtoe in 2030) compared to PRIMES 2007 baseline (1887 Mtc
2030). This equals a reduction of primary energy consumptid
23% compared to 2005 primary energy consumption (1713 Mtq
2005).

T
T
T
T

Main policies and incentives additional toREF2016

RevisedEU ETS
1 Increase of ETS linear factor to 2.2% for 26801
1 After 2030 cap trajectory to achiev@0% emission reduction in 204
in line with Low Carbon Economy Roadmap.

Renewables policies
1 Renewables policies necessary to achieve 27% target, reflect
RES values applied in electricity, heating&cooling and trang
sectors.

Enerqy efficiency policies:

Residential and services sector

1 Further increasing energy efficiency of buildings via increasing
rate of renovation and depth of renovatiasm well as behavioura
change In this model, better implementation of EPBD and El
continuation of Art 7 of EED and dedicated national policies
depicted by the application of energy efficiemajues (EEVS)EEVS
are increased compared to EUCOZ27.

1 Financial nstruments and other financing measures on the Eurg
level facilitating access to capital for investment in ther
renovation of buildings. This, together with further labelling polic
for heating equipment, is depicted byreduction of behavioural
discount rates for households from 12% to 11.5%.

1 More stringent (compared to EUCO27)design standards bannii
the least efficient technologies.

i Policies facilitating uptake of heat pumps
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Industry
1 Application of Energy efficiency values in industry (fraction of thi
applied in residential and services sector) leadingeeper energ)
efficiency effort and heat recovery
1 More stringent (compared to EUCO27) ecodesign standard;
motors.

Transport

1 CO, standard for cars: 80g/km in 2025; 70g/km in 2030
25 gCQ/km in 2050.

1 CO; standards for vans: 130g/km in 2025; 110g/km in 2030; 60¢
in 2050.

1 1.5% average annual energy efficiency improvements for
conventional and hybrid heavgoods vehicles (HGVs) between
20102030 and 0.7% between 263050.

1 Measures on management of transport demand:

- recently adopted measures for road freight, railways and ir
navigatior’;

- gradual internalisation dfansport local externaliti&sas of 2025
and full internalisation by 2050 on the intenban network;

- modulation of infrastructure charges foGMs according to CO1
emissions leading to faster fleet renewal,

- ecaodriving;

- deployment of Collaborative Intelligent Transport Systems.

Non-CO2 policies
1 No policy incentive until 2030
9 After 203Q carbon values set at EU ETS carbon price level

4.4.3 EUCO+ scenarios with more ambitious 33, 35 and 40% energy efficiency targets

The table below summarises the assumptions on specific energy efficiency policies in
EUCO+33, EUCO+35 and EUCO+4&tenarios that have been modelled. As these scenarios
built on EUCOS30 policy scenarithey are progressively scaled up in terms of ambition of
energy efficiency policies, only the differences that illustrate the increases level of ambition are
listed.

Table 7: Assumptions in EUCO+33, EUCO+35, EUCO+40 scenarios

EUCO+33 As EUCOS30 except:

1 33% primary energy consumption reduction target is set
(i.e. achieving 126 Mtoe in 2030) compared to PRIMES 20
baseline (1887 Mtoe in 2030). This equals a reductiol
primary energy consumption of 26% compared to 2

Directive on Weights & DimensionEourth railway package, NAIADES Il package, Ports Package
Costs of infrastructure wear & tear, congestion, air pollution and noise.
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primary energy consumption (1713 Mtoe in 2005).

1 As a result some030 GHG targets set by the Europe
Council are slightly overshot:
- 43% GHG reduction (wrt. 1990);
- 44% GHG reduction in ETS sectors (wrt 2005)
- 34% GHG emissions reduction in Effort Sharing Decis
sectors (wrt 2005).

1 Also, as a result of energy efficiencpolicies reducing
demand, 28% RES share in final energy consumptio
achieved.

Main policies and incentives additional to Reference:

Enerqy efficiency policies:

Residential and services sector

9 Further increasing of emngy efficiencyvalues compared t
EUCO30.

1 Financial instrument and other financing measures are |
more widely available on the European level further facilita
access to capital for investment in thermal renovation
buildings and further labellingolicies for heating equipmel
are pursued depictedby reduction of the discount rates for
households from 11.5% (in EUCO30) to 11%.

1 More ambitiouspolicies (than in EUCO30¥acilitating uptake
of heat pumps

Industry
1 Increasing eergy efficiencyvaluesin industry (fraction of
those applied inresidential and services seqQtdeading to
deeper energy efficiency effort and heat recoyeoypared tq
EUCO30)
1 Application of Best Available Techniques.

Transport

1 Promotion of public procurement thgirovides effective

incentives for purchasing cleaner vehiclg®. Revision of
Clean Vehicles Directive).

1 Additional measures on management of transport demand:

- full internalisation oftransport local externalities as
2025 on the inteaurban network;

- more ambitious deployment of Collaborative Intellig|
Transport Systems and support for multimodal trg
information;

- promoting efficiency improvements and multimodal
(e.g. review of Combined Transport Directive, revi
of Rail Freight Corridors Redation, review of marke
access rules for road transpprt)

- promotion of urban policies curbing pollutg
emissions
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EUCO+35

As EUCO+33 except:

1 35% primary energy consumption reduction target is set
(i.e. achieving 122 Mtoe in 2030) compared to PRIMES 20
baseline (1887 Mtoe in 2030). This equals a reductiol
primary energy consumption of9% compared to 200
primary energy consumption (1713 Mtoe in 2005).

1 As a result all 2030 GHG targets set by the European Cq
are slightly overshot:

- 44% GHG emissions reduction (wrt. 1990),

- 44% GHG emissions reduction in ETS sectors (wrt 2005)
- 36% GHG emissions reduction in Effort Sharing Decis
sectors (wrk005)

- Also, as a result of energy efficiencgolicies reducing
demand, 28% RES share in final energy consumptio
achieved.

Main policies and incentives additional to Reference:

Enerqy efficiency policies:

Residential and services sector
1 Further inceasing of energy efficiencyalues compared t
EUCO+33.
1 More ambitious (than in EUCO+33)plicies facilitating uptake
of heat pumps.

Industry
1 Increasing EEVs in industrffraction of those applied i
residential and services seqtoleading to deeper energy
efficiency effort and heat recovery (compared to EUCO+33]
1 Application of more advancedcompared to EUCO+33) Be
Available Techniques

Transport
1 CO; standard for cars: 77g/km in 2025; 67g/km in 2030 ani
gCOJ/km in 2050.
1 CO, standards for vansl18g/km in 2025; 106g/km in 203
60g/km in 2050.
1 Energy taxation aligning the minimum tax rates of petrol
gas oil used as motor fuel.

EUCO+40

As EUCO+35 except:

1 40% primary energy consumption reduction target is sef

(i.e. achieving 129 Mtoe in 2030) compared to PRIMES 20

baseline (1887 Mtoe in 2030). This equals a reductiol

primary energy consumption of 34% compared to 2

primary energy consumption (1713 Mtoe in 2005).

1 As a result all 2030 GHG targets set by the European (
significantly overshot:

- 47% GHG emissions reduction (wrt. 1990) is achieved.
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- 48% GHG emissions reduction in ETS sectors (wrt 2004
achieved
- 39% GHG emission reduction in Effort Sharing Decis
sectors (wrt 2005) is achieved.

1 Also, as a resulof energy efficiencyolicies reducing deman
28% RES share in final energy consumption is achieved.

Main policies and incentives additional to Reference:

Enerqy efficiency policies:
Residential and services sector

1 Further increasing of energgfficiency values compared t
EUCO+35.

1 Financial instrument and other financing measures are |
more widely available on the European level lowering ac
to capital for investment in thermal renovation of buildings
further labelling policies foheating equipment are pursuid
depictedby reduction of the discount rates for householdj
from 11% (in EUCO35) to 10%.

1 More ambitiouspolicies facilitating uptake of heat pumps.

Industry
1 Further increasing EEVs in industffraction of those appliei

in residential and services seqtdeading todeeper energ)
efficiency effort and heat recovery (compared to EUCO+35

1 Application of more advanced (compared to EUCO+35) |
Available Techniques

Transport

1 CO; standard for cars: 74g/km in 2025; 64g/km il3Q@@&nd 25

gCOy/km in 20502

1 CO, standards for vans: 106g/km in 2025; 97g/km in 2(
60g/km in 2056°.

1.6% average annual energy efficiency improvements for

conventional and hybrid heavy goods vehicles between-Z

2030 and 0.9% between 263050.

4.4.4 Modelling input parameters
4.4.4.1 Energy Efficiency values

As describedn above thekey modelling toolare energy efficiency values (EEW) which are
modelled as shadow values of virtual energy saving constraints optionally applying by energy

& The levé of standards corresponds to the more ambitious edge of the range of standards for cars discussed
for 2025 in recent trilogue discussions.
& The level of standards corresponds to the more ambitious edge of the range of standards for vans discussed

for 2025 in recent trilogue discussions.
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demand sector. Essentigllysing the EEVs in the model is a way of representingidentified
policy measures whichira at achieving energy savings order to achieve a pidefined target
level of primary energy consumption in 2030stead of modelling orley-one the broad range
of energy efficiency policy measures, a practical way is to assumeznoralue of EEVand
increase it until the nementified measures induce an assumed amount of energy s&ANS.
were applied in residential and tertiary sector and also in industry (at a loweml@rder to
reflect the fact that industrial sector is already paXgosed to ETS and that many MS have so
far chosen to exempt industrial sector from energy efficiency megsures

The EEV, as described above in modelling terms, are used to sinmaegasing energyavings

related to improving thermal integrity of house and buildingsand changing energy
consumption behavioummplying reduced consumption of fuels and electricity. Currently, such
obligations are chiefly driven by the Art 7 of the EED but in addition some MS have also put in
place national policies aimingt renovation of the building stock (notablgformation
campaignsfiscal policies and financial incentives). E&V increase stepvise by scenario and

in time, they drive a faster pace of investments in renovations (as demonstrated by renovation
rates)as well as increasing depth of renovations from an energy perspective (as demonstrated by
the increased energy savings of the renovatiomBey also induce dehavioural change
towards a more efficient use of energyther energy efficiency policies suels ecodesign,
labelling etc. act in addition to tHEEV by influencing the choice of equipment technologies

and their turnover over time.

In the current exercise, the national componerEEY is equal to the level of nationBEV in

the REF2016 for the gar 2020. The nation&8EV reflect the assessment of the implementation

of the Art 7 of the EED as well as the impact of additional national energy efficiency policies
that lead to thermal renovation of buildings and curbing their fuel and electricityT hise.
assessment was made when preparing the EU Reference scenario 2016, i.e. in 2015 to the best
available knowledge at that time.

The national component of tl&EV is combined with the European component, whschlike
across all Member States reflegfian equal additional incentive on the European level, i.e.
continuation of Art 7 of EED or measures with similar effect. It is the European component that
IS increased stewise in scenariosAs a general rule, the higher the overall energy efficiency
target, the higher th&EVs reflecting a higheenergy savindevel e.g. under théhe energy
efficiency obligation(or alternative measuret) be mandated by continuation of Art 7 of EED.

The table below shows, that significdBEVs are needed to achieve higher energy efficiency

l evel s. To achieve 23. 9% o ftoe arerecessyry. Toeachievet i on
27 %, an EEVWeofi sta38 eady needed. Thi gtoewoal ues
achieve an energy eficency | evel @ H25t8elnvdiuld iben neetiéd 3d0achieve a

level of 40%.It has to be stressed thidwe absolute number of EEV has no direct meaning,
because its influence depends on relative values not on absolute Asvdisscribed irchapter
4.2.2.5above,EEVs are not an energy tax subsidy they represenan incentive to invest in

energy efficiencyor to change behaviour towards a more efficient use of en&thgnergy

efficiency investmentshduced by EEVsre fully accounted for in thenergy system cosgnd
investment expendituresereportedn chapter 5.1.5 of the main text
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Table 8: Energy efficiency values

Energy efficiency

Ref2016 | EUCO27 EUCO30 EUCO+33 EUCO+35 EUCO+40
values (2030)

Average energy efficiency
value in the residential and 5 338 713 1302 1677 2525
tertiary sectof 4/ t oe

Source: PRIMES

By varying theEEVSs, the projected renovation rates escalate across scenbriBRIMES, the
economic agent can decide based on theEEVs incentive modelled’ between different
renovation package#ll renovation packages describe interventions only in the building shell
of a household (replacement of windows, installation of insulation materials on walls and/or the
roof and/or the baseen), thus affecting the overall-Walue coefficient of the building (getting
decreasing Walues the deeper the renovation package is) and therefore the useful energy
consumption of the buildid§ The deeper the renovation packat®e higher the energy
efficiency investments cost$hese investments are reflected in the energy system costs of the
PRIMES model.

Table 9: Renovation ratesin the residential sectof®

1 0,
Average renovation rate EU28 Average energy saving % from
renovation EU28

(%0)

20152020 20212030 20152020 20212030
REF2016 1.5% 1.5% 43.4% 33.3%
EUCO27 1.5% 1.7% 46.8% 51.8%
EUCO30 1.5% 2.1% 47.3% 55.6%
EUCO+33 1.5% 2.7% 48.0% 59.3%
EUCO+35 1.5% 2.9% 48.4% 59.5%
EUCO+40 1.5% 3.1% 50.4% 63.0%

Source: NTUABuildings model

4.4.42 RES values

Renewables policies necessary to achieve 27% target (in EUCO27, EUCO30, EUCO+33 and
EUCO+35) and 30% in EUCO+40 are reflected by RES values applied in electricity, heating
and cooling and transport sectors. RES values areinsedler to ensure cosfficient RES

target achievement at European level.

" Theiaverage useful ener gy eflforrspateehaating,fay the daleulatbrhnod e n e r
which the seasonal method of the standard EN 1Et8€rgy performance of buildingsCalculation of energy use

for space heating and coolings being used, the way it was described in the TABULA Methodology
(http://episcope.eu/buildintypology/webtool/). In théoefore mentionednethodology the'average useful energy

for heating derivesfrom considering thehermal performance of the building shell (characteristics of building
envelope), climatic data and standards on thermal comfort. The average useful energy demand for heating does not
include the heating system choice.

» The renovation rates shown in tteble below are the result of @x-postanalysis performed with the

dedicated buildingsnodel additional to the classiPRIMES suite which was used for REF2016 and the policy
scenarios.
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Like the energy efficiencyalues, the RES value is a shadow price, a signal of potential costs
per unit of renewable energy not achieved (relative to the target) which is iiztednial the
optimizing behaviours of actors and thus leads to higher RES uptake. RES values do not
describe in detail the RES supporting policies, but are introduced if needed, in addition to the
supporting policies, so as to complement them and readREBetarget. The RES value should

not be confused with feed tariffs or green certificates, because it does not model any sort of
power purchasing agreement with the RES developers and the RES projects compete on equal
economic grounds with other formsexiergy.

As shown inthe table belowRES values needed to be slightly increased with more ambitious
energy efficiency efforts in 2030 to achieve a share of renewables of at least 27% at the same
time as a more ambitious energy efficiency level in 2030.

Table 10: RES values

RES values (2030) Ref2016 | EUCO27 EUCO30 EUCO+33 EUCO+35 EUCO+40

Average Renewables valu

(a/  Mwh) 11 7 16 14 12 19

Source: PRIMES
4.4.4.3 Modelling of energy efficiency policies for the industrial sector

Anticipationof enforcement of Best Available Techniques (BAT) in Industry:

Energy efficiency progress in the industrial sector in the energy efficiency scenarios occurs
through the deployment of BAT (best available techniques), both vertically and horizontally;
vertically refers to technologies associated with the equipment used for specific industrial
process; horizontally, refers to systems that affect all industrial processes, such as energy control
systems and heat recovery systems.

In modelling, the BATs areeflected in the menu of available technologies, which is the same in
all energy efficiency scenarios. What varies among scenarios is the uptake of technologies,
depending on the intensity of energy efficiency policies assumed and regulatory enforcement of
BATs. For the former the modelling mechanism is the following: the anticipation of more
ambitious energy efficiency policies results in moderation of the perception of risk associated
with advanced technologies, and in acceleration of their maturity prakeu This effect is
represented in the energy efficiency scenarios through modifying the parameters that reflect the
perception of cost. In other words, industry anticipates that enforcement is likely to become
more stringent in the future and so in artie avoid lockingin inferior technologies increases

the uptake of more efficient technologies. Regulatory enforcement of BATs makes mandatory
the application of specific BAS

4.4.4.4 Reduced discount rates due to policy implementation

As described in the chapt describing the setp of the scenarios, decisiomaking discount

rates are lowered in the policy scenarios. This is in order to reflect financial instrument and other
measures, which are assumed to be made more widely available on the Europeanédewvg low
access to capital for investment in thermal renovation of buildings and to reflect the
implementation of further labelling policies for heating equipment or the further development of
ESCO markets. Discount rates applied for @mstounting remain whanged across all
scenarios and throughout the projection period.
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Please see in chaptér2 on the Reference scenario for explanation of the application of both
decision-making and cosaccounting discount rates.

4.4.4.5 Modelling of ecodesign regulations

The eodesign policy aims at reducing energy consumption of enretgied equipment and
appliances by promoting product varieties which embed higher energy efficiency. Depending on
implementing measures and voluntary agreements, thelestgn regulations cét specific

energy consumption by product variety and eventually provides for mandatory requirements for
certain products. The requirements impose a minimum bound on energy performance of
products. The bounds are set for the next two to five years. mpkes that the menu of
technologies for consumer choices in the future is restricted to product varieties which have
performances exceeding the minimum threshold value. The menu will still allow selecting
technologies which perform above minimum threshalllie; the choice will depend on relative
costs, perception of technical risks and the policy context. The Ecodesign regulations, combined
with the labelling directive, are playing an important role to remove uncertainties regarding
technical risks and tse stemming from lack of information.

PRIMES considers equipment in an aggregated manner, looking at the equipment performance
in heating and cooling, water heating, cooking, lighting and (white and black) appliances.

The REF2016scenario is assumed taciude the currently adopted edesign regulationsThe

effects additional ofcodesign regulations are then simulated to intensify towards the 2030
horizon relative to th&EF2016in EUCO27 and EUCO30 scenarios (as beyond EUCO30 the
potential for improvenent stemming from ecodesign is largely exhaustgidying from 2030

to 2050, the effects are simulated to intensify further relative to the-2030 period and
approach technical potential in the ambitious case. The learning effects are modelled to be
relatively lower until 2030 than after 2030.

The strongest progress énodesign happena heating, cooling, cooking and appliancksthe
table below, it can be noticed that there are some increnemiadvementsn energy efficiency
EUCO+ scenarios asvell. In particular, for space heating and cooking there is further
improvement also beyond EUCO30. Nevertheldbss is not a result of extracedesign
progress inthe EUCO+ scenarios rather of the electrification and the specific allocation of
consumes in vintages of technologies in these scenanibsther words, more households using
efficient appliances
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Table 11: Residential sector- Improvements in efficiency compared to 2005

Residential sector:
Improvements in efficiency compared to 2005 2020 2030 2050 2020 2030 2050
(% change)
Heating Cooling
REF2016 8.1 20.1 29.9 6.7 20.4 52.4
EUCO27 7.8 21.8 36.3 6.7 22.2 65.1
EUCO030 7.8 24.5 39.2 6.7 55.6 95.3
EUCO+33 7.8 29.1 44.8 6.7 56.0 95.0
EUCO+35 7.8 29.2 44.8 6.7 56.0 95.1
EUCO+40 8.0 33.2 50.1 6.7 57.7 94.9
Water heating Cooking
REF2016 6.1 20.8 31.8 2.6 6.0 8.9
EUCO27 5.6 20.5 29.3 2.4 7.7 19.4
EUCO30 5.6 21.2 30.2 2.4 11.7 24.4
EUCO+33 5.7 215 30.8 2.4 18.5 32.1
EUCO+35 5.7 21.5 30.9 2.5 18.7 32.4
EUCO+40 5.9 225 31.9 2.7 215 36.0
Lightning White appliances
REF2016 155.1 325.3 374.4 23.0 38.4 41.4
EUCO27 154.5 329.1 378.8 225 38.0 41.3
EUCO30 154.5 327.1 378.2 22.5 43.9 50.6
EUCO+33 154.3 327.5 377.8 22.6 44.0 50.6
EUCO+35 153.7 326.7 377.7 22.6 44.0 50.6
EUCO+40 152.5 328.4 377.2 225 44.0 50.7
Black applainces Central boilers
REF2016 23.9 36.1 50.5 8.0 16.8 27.9
EUCO27 24.0 35.5 49.7 8.0 16.4 27.0
EUCO30 24.0 42.6 59.8 8.0 16.1 26.9
EUCO+33 24.0 42.6 59.8 8.0 16.9 28.6
EUCO+35 24.0 42.7 59.8 8.0 16.9 28.8
EUCO+40 24.0 42.6 60.1 8.0 19.4 31.9
Gas heaters Heat pumps
REF2016 13.0 22.1 34.2 0.0 22.8 53.6
EUCO27 13.0 21.8 33.9 0.0 25.5 56.4
EUCO30 13.0 215 34.0 0.0 42.0 60.5
EUCO+33 13.0 22.0 35.4 0.0 44.3 61.3
EUCO+35 13.0 21.9 34.9 0.0 44.1 61.2
EUCO+40 13.0 25.1 38.8 0.0 46.8 64.4

Source: PRIMES
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