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Summary

To achieve the reduction targets under the Energy Efficiency Directive (EED), a clear need

arose for simplified, yet accurate, methodologies to calculate energy savings from energy
efficiency actions being implemented by Member States.Dur i ng streamSA
consultation (Autumn 2020) to identify thenain challengesthat Member States facevhen
implementing Article 3 and Article 7 of the EE[@ata collection procedures were stressed

as well as the lack of quality dataMoreover, theamendmentof the EEDR018/ 2002 brings

additional challenges to Member States, in particular regarding Article 7 and several
requirements of its Anney/.

The Knowledge Facility of streamSAVEHs developing streamlined calculation
methodologies for savingsactions, the so-called Priofty Actions: despite their high
potential for energy savings, dack of experience, practices and data is hinderinthe
adoption of these actions by several MembeiStates. ThisstreamSAVE facilitgevelops10
Priority Actions over two cyclesf experiencesharing and capacity building. Priority Actions
under analysis are:

0 Heat recovery (district heating and excess heat from industry)
Building Automation and Control Systems (BACS)

Commercial and Industrial refrigeration system (C&I Refrigeratipn)
Electricvehicles (private & publidEVs);

Lighting systems and public lighting

Accelerated motor replacement;

Qx Ox Ox x Ox Oox

Providing feedback about energy use and tailored advice towards households:
behavioural changes

o0 Energy efficiency actions alleviating energpoverty;
o Modal shift in freight transport(from road to rail);
o0 Smalkscale renewablecentral heating technologies.

Next toa general guidanceon energy savings calculationsor both Article 3 and 7 EED and
information on how toassess costs and GH@missiors reduction related to the Priority
Actions this report provides 16 newly developed bottorp calculation methodologies
featuring indicative calculation valuesdata on costs and estimations of GHG emission
reduction. The following methodologiesave been prepared:

0 Heat recovery for orsite use in industry- feedback of excess heat into a process

0 Heat recovery for orsite use in industry- use of excess heat for ossite applications

o0 Heat recovery for feedn to a district heating grid

0 Building Autenation and Control Systems in residential and nenesidential
buildings

o0 Energy efficient compression refrigeration units

0 Fuel Switching to Electric Vehicles

o0 Energy efficient road lighting system& engineering approach

o0 Energy efficient roadighting systemsd simplified approach

- GA N°890147 12
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o0 Anticipated motor replacement
Feedback and tailored advice ithe residential sector

Thermally improved building envelope of refurbished buildinger energy poor
households

Smallscalerenewable heatingin buildingsfor energy poor households
Behaviour measuresaddressingenergypoor households

Freight Transport: modal shift potentials from road to rail per Member State
Heat pumps for heating andhot water

o Ox Ox Ox

0 Biomass boilers for heatingand hot water

A clearguidance isincluded for each methodologyso Member States can estimate the
monitored and/or exante final and primary energysavings, based on EWide averages or
can translate these into national specific savings. Next to this guidance, timethodologies
can also ke consulted viauserfriendly excel templates per Priority Actioif hese templates
are integrated on the online Training module of the streamSAVE platform:
https://streamsave.flexx.camp/training.

13 GA N°890147 “
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Introduction
About streamSAVE

Energyefficiency is one of the five key dimensions of the Energy Union, and consequently

of the Member Statesd Nat The Bnergy Efficieacy Dinectneen d Cl
sets the 2020 and 2030 energy efficiency targets and a series of measures that
contributes to their achievementwithin the Union The streamSAVE project streamlines
energy savings calculations and provides the
chances of successfully and consistently meeting their energy efficiency targets. The
streamSAVE project specifically focuses on Article 3 and 7 of the EED which are devoted to

energy efficiency targets and national energavings obligations, respectively.

Given the importance of deemed <EBRDeportqme appr
streamSAVE focuses on streamlining botteaop calculations methodologies of
standardized technical actions. streamSAVE offers these savings methodologies in a
transparent and streamlined way, not only to improve the comparability of savings and

related costs ketween Member States (MS), but also between both EED articles. The
savings actions are targeted to those measures with high energy saving potential and
considered as priority issues by Member States, the-salled Priority Actions

More broadly, theproject aims at fostering transnational knowledge and dialogue between
public authorities, technology experts, and market actors. The key stakeholders will
improve their energy savings calculation skills and ensure thus the sustainability and
replicability of the streamSAVE results towards all European Member States.

Standardized savings methodologies for Priority Actions

During OctobeiNovember 2020, a stakeholder consultation was carried out by the
streamSAVE consortium in EU Member States and the UK. Tbasultation showed that
there are savings potentials thatmight not yet be well covered by existing bottorup
methodologies and that for other methodologies already available, Member States find it
difficult to identify the baseline or calculation valuedor the savings estimation in
accordance with the EED framework.

Recognizing the need Member States have, theKnowledge Facility of streamSAVE
analysed the existing bottorup methodologies within Member StatesD2.1. Status of
energy savings calculations for Priority Actions in European countjieghis overview of
methodologies supports the development of streamlined methodologies for savings
calculations, for which a laclof experience, practices and data is hindering its adoption by
several MS, although its high potential for energy savingsthe Priority Actions (PA)
streamSAVE will target a total of 10 Priority Actions over two cycles of experience sharing
and capacitybuilding. Theten Priority Actions under analysis are:

Heat recovery (district heating and excess heat from industry)
Building Automation and Control Systems (BACS)
Commercial and Industrial Refrigeration System

Electric Vehicles (private & public EVS)

PublicLighting Systems

o O ox ox Ox O«

Accelerated motor replacement;

15 GA N°890147 -
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o0 Providing feedback about energy use and tailored advice towards households:
behavioural changes;

o0 Energy efficiency actions alleviating energy poverty;
o Modal shift in freight transport (from road toail);
o0 Smallscale renewable central heating technologies.

This reportdescribes thestandardized calculation methodolog for each of these Priority

Actions supporting the implementation of Article 3 and 7 of the EEDhe basicbottom-up

approach for calculating energy savings achieved by an action(13 to take into account

all essential influences on the energy consumption of an appliance or systemq,
performance of a compressor, operating hours) an(?) compare thebaseline situation to

the situation after the PA implementation. The savings methodologies are based on

literature, statistical data, EED requirementa s we | | as the expertise
partners. Moreover, the draft methodologies have been discussed during thesp&-peer

dialogue groups (WP3), so the expertise and experiences of key stakeholders, i.e. public
authorities & technology group experts, are reflected as well.

Thisguidance contains the following information for eactf the actions:

o0 Description of theaction, including gplication area or scope of the standardized
calculation methodology (e.gsubsector; limits of methodology);

Calculation formulaand parameter definitiorn

Indicative valuesper parameter(e.g. lifetime)based on EUvide data;
Reference consumptioror baseline and update;

Correctionfor behavioural andor regional effects

Q. Ox x Ox O

Costsand benefits, allowingto assesscost effectivenessof the action;
0 Calculation formula and related indicative values testimate CQ savings.

At the beginning of this guidance, a generahapteris included m Article 3 and Article 7
requirements and recommendations, in relation to energy savings estimations. Special
attention is given to thedefinition of baseline, as wells the cumulation of savingsover
lifetime according to theArticle 7requirements Next to savings estimations, the guidance
explains how to perform an assessment of theost effectiveness and C@reductions for
the implementation ofthe Priority Actionsso policy makers can analyse efficient ways to
fulfil greenhouse gas reduction targetsvithin their country

The streamlined energy savings methodologiese not only shared by means of this
guidance, but byuserfriendly excel templates per Priority Aicin as well, which are
integrated online on the Training module of thestreamSAVE platformThis way, Member
States are able to consult and use the streamSAVE output in the way they prefer for their
own needs and EED reporting obligations dtttps://streamsave.flexx.camp/training

- GA N°890147 16
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Chapter1  Calculation of savings within the EED
framework

In December 2018, the European Parliament and the Council of the European Union

adopted the amending Energy Efficiency Directive 2018/2002/EU which set the 2030

energy efficiency target to be at least 38 % compared with levels projected in the
European Commi ssi ons.ThGA5R emeaseatfiCiencytargesfare nar i
the EU27 meansthat EU27 energy consumptionn 2030 should not exceed1,128 Mtoe

for primary energy and 84@Vitoe for finalenergy(European Commission, 2018)However,
according to the European Commimpravinpendrgy 2020
efficiency, 12 Member States will (very) unlikely achieve their target for Artidlef the EED

during the obligation period 20142020 (European Commission, 202Q)Moreover, the

national contributions to the 2030 EU target, as reported by Member States in th&mal

National Energy and Climate Planstand short of the 325% ambition.

By the socalled Fitfor-55 Package, he EU Green Deal will incentivise more efforts on
energy efficiency, so the updated 2030 emissions reduction target of net 55% compared
to 1990 levels can be reachedFurthermore, the longerm energy efficiency measures will
be enhanced in fame of the REPowerEU Plan, including proposal toincrease the binding
Energy Efficiency Targstunder the Fit for 55 package Therefore, most Member States
need to tackle untapped energy savings potentials. Withine frame of the Task Force on
mobilising efforts toachieve the 2020 targets for energy efficiency, Member States pointed
out possible reasons to the European Commission, depending on their national context,
that explain the difficulty to increase energy saving&uropean Commis®n, 2019):

good economic performance and lowil prices
delayed implementation of energy efficiency policies;
difference in theestimated energy savingand the actual energy savings achieved,;

ox Ox Ox Ox

insufficient consideration of thempact of behaviouralaspectssuch as the rebound
effect;

o0 lack of funding for energy efficiency policies and restrictions by Btate aid rules.

The Member States clearly raised the difficulty to calculate, and thereby report, the energy
savings from measures taken or planneds it is challenging to estimate savings aligned
with actual savings achieved, including behavioural impacdtsabanca & Bertoldi, 2016) A
more streamlined approach which covers how Article 3 targets as well as Article 7 savings
of energy efficiency measures are to be estimated is very relevant, especially in the context
of the 2030 National Energy and Climate Plans (NECPs) under the Gonamce Regulation
2018/1999.

In this chapter, a general description is included of the Article 3 and Article 7 requirements
and recommendations, in relation to energy savings estimations. Special attention is given
to the definition of baseline, as well as the cumulation of savings over lifete (Article 7).
Although not explicitly mentioned in the EED, rebound effects are also described, so
Member States are able to produce more accurate estimates of the energy savings
generated from the Priority Actions. Next to the savings estimations, ansilyg the cost
effectiveness and C@ reductions of Priority Actions mayntroduce policy makers to
efficient ways tofulfil greenhouse gas reduction targets. The assessment of costs and
estimation of GHG savings are explained in sectidr? and section1.3, respectively.
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1.1 Estimation of energy savings

UnderArticle 3 of the Energy Efficiency Directivd&eU countries set their own national nen

binding contributions for energy efficiency for 2030. These targets can be based on primary

or final energy consumption, on primary or final energy savings, or areggy intensity. The

Energy Efficiency Directive requires, however, that when doing Btember States also

express those targets in terms of absolute levels of primary and final energy consumption.

The progress towards targets is monitored by meansof Meemb St at es & ener gy
more specifically, the Eurostat primary and final energy consumption used for monitoring
progress towards 2020 and 2030 targets (Primary/Final energy consumptionEurope
2020-2030; Eurostat code PEC20202030 and FEC20202030) (Eurostat, 2021)

To support the achievement of these goalsirticle 7 of the Energy Efficiency Directive
requires Member States to achieve yeartyew energy savings througlan energy efficiency
obligation scheme(EEOSJArticle 7a) or alternative measures (Article 7b)fhe amendng
Directive includes an extension to thenergy savings obligatiomn end use: the ElMember
Stateshave to achieve new energy savings of 0.8% aidi energy consumptioh each year
for the 2021-2030 period (European Commission, 2018)In order to reach this targetin
case of an EEO)bligated parties have to carry out measures which help final consumers
improve their energy efficiency. Member States may also implement alternative policy
measures which reduce final energy consumption, for example fiscal measures; financial
incentives; regulations or voluntary agreements; energy labelling schemes beyond
requirements underEU law; and information measures (Article 2(18) of EED). Article 7a(5)
and Article 7b(2) of the EED emphasises the importance of monitoring and verification in
ensuring that policy measures achieve their objectivesMember States should
demonstrate that energy savings are notlouble counted(Article 7(12) of EED), where the
impacts of policy measures or individual actions overlap.

Annex V of the EED sets out methodological options for the calculation of these Arficle
energy savings. The Annex identifigeur main methodologies to calculatdinal energy
savings(European Commission, 2018)

0 odeemed savings by reference to the results of previous independently monitored
energy improvements in similar installations.

0 metered savngs, whereby the savings from the installation of a measure, or
package of measures, are determined by recording the actual reduction in energy
use, taking due account of factors such as additionality, occupancy, production
levels and the weather which mya affect consumption.

0 scaled savings whereby engineering estimates of savings are used. This approach
may be used only where establishing robust measured data for a specific
installation is difficult or disproportionately expensive, or where those estinestare
carried out on the basis of nationally established methodologies and benchmarks
by qualified or accredited experts that are independent of the obligated,
participating or entrusted parties involved,;

0 surveyed savingswhere consumers' response to adee, information campaigns,
labelling or certification schemes or smart metering is determined. This approach
may be used only for savings resulting fr

1 Averaged over the most recent thregear period prior to 1 January 2019as defined in Article 7(1)b.
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Next to the methodological options, Annex V of the EED also describes the principles to
apply to the calculation of additionalitfto what have occurred anywgyand the materiality

of the activities of obligated, participating or entrusted parties; a reqeiment to ensure
that quality standards for energy efficiency measures are introduced and maintained; and
a methodology for the notification of energy efficiency measures to the European
Commission (European Commission, 2018)The European Commission published the
Recommendation (EU) 2019/1658, where more information can be found on the steps
Member States need to take when implementing Article and how to comply with these
requirements (European Commision, 2019).

A large shareof the savings reported under Article 7 come from deemed savings
approaches(Labanca & Bertoldi, 2016) As mentioned above, deemed savings are pre
determined, validated estimations of energy sawjs attributable to an energy efficiency
action as opposed to savings determined through measurement activitigsetered
savings) orproject or action specificcalculations (scaled savings)Deemed savings can be
considered as a good practice to minimizedministrative burden, provide quick feedback
and give visibility to stakeholders, especially when it comes to efficiency measures with a
straightforward impact (Labanca & Bertoldi, 2016) Given the importance of deemed
savings approaches in Member Statesd EED rep
bottom-up calculations methodologies of standardized technical actions, i.deemed
savings complemented with scaled savings based on gineering estimates The deemed
savings in streamSAVE include savings formula or calculation methodologies, next to
indicative values which are based on commonly accepted, evideHz&sed data sources
and analytical methods.

1.1.1 Differences in savingscalculation for Article 3 & Article 7

The amended EED 2018/ 2002 stipulates in Art.i
consumption shall be no higher than 1,128Mtoe of primary energy consumption or
846 Mtoe of final energy consumption. Member States shall séndicative targets to
reduce their energy consumptionbased on either primary or final energy consumption,
primary or final energy savings, or energy intensi(izuropean Commission, 2018)The
energy consumption of Member Stas is reported on a yearly basis via energy balances,
according to the Regulation (EC) 1099/2008 on energy statistics.In addition to the
definition of energyproducts, it containsdetails onthe balance aggregategincluding final
energy consumption) tdoe reported For each balance aggregate, the main consumption
sectors and energy onversion activities are listedAs Article 3 focusses on reducing the
total energy consumption according to the energy balances, alpamary energy savings
are taken into acount. Therefore, every effect on energy consumption can be considered
a saving for Article 3, regardless of what caused this reduction. ¢ontrast, Article 7 is
about consideringadditional final energy savings at théevel of a policy action

Al most al |l countries set their 2030 Article
Measur esd ( WA(Economidoo, etealg 20R0) Tines savings of these additional
measures or actions to reach the target can beounted on top of the baseline or a "with
existing measureso (WEM) scenario. The WEM s
measures, such as minimum standards for new appliances as well as autonomous
evolutions, such as the necessary replacement ofitdated appliances population growth

and economic growth Therefore, only savingom energy efficiency actiongxceeding the
WEMscenario are additional andcan therefore - at the action or technology levet be

considered as savings relevant teestimate the Article3 target setting. In context of

Article 7, Member States should demonstrate that energy savings are not doulgleunted
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(Article 7(12) as well as additonal to what have occurred anyway (e.gxisting EU
legislation) Annex Vof EED).

As te concept of the WEMscenario is generally in line withthe baseline definition for
Article7 saving calculations the annual energy saving calculations for Article 3 and
Article 7 as suggested in this guidance by streamSAVE are similar for most of the gyer
saving actions. In the projectit is therefore assumed thatsavings exceeding the
assumptions ofthe WEMscenario are in line with theArticle 7 target achievement, i.e.
being additional and without double counting.However, when implementing the
streamSAVHEnethodologies and related baselines within a MS, it is recommended to take
country specificities into account, such as poliogevelopments andcurrent performance
of the marketor stock. Moreover,it should be notedthat while Article 7 only focusses on
final energy, for Article 3 both final and primary energy consumption are relevant.

Converting final energy to primary energy savings for Article 3

The following formula can be useds a basisto convert final energy savigs into primary
energy savings:

visrdkas 3 rr <. vIF2dllk A

L
|

FEFFA FIRt vas2-

==n

|
EPEC Effect on gimary energyconsumption[kWh/a]
FEC Annual final energy consumption [kWh/a]
share Share of final energy carriein final energy consumption [dmnl]
fre Primary energy factor of final energy carrier [dmnl]
ec Index of energy carrier
Baseline Index for thebaseline situation of the action
Action Index for the situation afteimplementation of an action

To determine theprimary energy consumptiomf the conditions before and after the action,
the energy consumptionis multiplied with the primary energyfactor of the respective
energycarrier. In multiple cases one specific energycarrieris replacedwhen implementing

a single energy saving actionHowever, there are alscenergy saving actionsn which
several energycarriers are replaced at the same timeAs soon as several energy carriers
are involved,a weightedprimary energy factomhasto be applied.Such a weightedorimary
energy factor can also be used when creating standardized values or when evaluating
severalenergy saving actionsat the same time.

Table 1 provides indicative values ofprimary energy factors forfinal energy carriers
corresponding to EU average valueg/hen possible, usingrimary energy factors defined
based onnational data is more accurate.

The selection of energy carriers is based on the list of energy carriersAimnex VY of the
Greenhouse Gas Directive018/2066/EU. Energycarriersnot beingusedas afinal energy
carrier (e.g. crude oil) are not included fdahis assessment, as the methodologies prepared
for this report focus on both Article 3 and 7 EEThe primary energy factor is determined
by comparing the amount of primary energy needed to provide the relevant amount of final
energy.Thecomplete EL27 Energy Bilance of the Eurostat databas€Eurostat, 2021)was
used as data basis for the calculationHowever, it should be noted that this approach of
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calculating the final to primary energy conversion fact®is considered a ough estimate
whenever possible, national conversion factors should be us@tstead.

Tablel: Primary energy factors (fg per energy carrier

Energy carrier factor final to primary

Electricity 2.281
District heat 1.663
Natural gas 1.007
Gas/Diesel ol 1.119
Motor gasoline 1.119
Biodiesels 1.001
Biogasoline 1.001
Other liquid biofuels 1.001
Biogas 1.032
Wood/wood waste 1.001
Other primary solid biomass 1.001
Kerosene (other than jet kerosene) 1.119
Liquefied petroleum gases 1.119
Naphtha 1.119
Natural gas liquids 1.119
Petroleum coke 1.119
Refinery gas 1.119
Residual fuel oil 1.119
White spirit and SBP 1.119
Other petroleum products 1.119
Anthracite 1.002
Lignite 1.002
Charcoal 1.001
Coal tar 1.002
Coke oven coke and lignite coke 1.002
Coking coal 1.002
Patent fuel 1.002
Subbituminous coal 1.002
Other bituminous coal 1.002
Industrial wastes 1.000
Blast furnace gas 1.102
Coke oven gas 1.102
Oxygen steel furnace gas 1.102
Oil shale and tar sands 1.000
Peat 1.000
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The primary energy conversion factor fenergy carriers except electricity and district heat
is calculated using the data available in the complete energy balances per energy carrier
group. Those groups are:

o0 natural gas

renewables and biofuels
biogas

oil and petroleum products
solid fossil fuels
manufactured gases

Qx x x ox ox o«

nonrenewable waste
0 peat and peat products

Calculation of more disaggregated conversion factors is not possible due to the complete
energybalances not depicting the conversion processes at the required level of detail. To
determine the conversion factor for final to primary energy consumption for these groups,
the following calculation is therefore used:

Gross inland consumption of [energyarrier]
- Transformation input of [energy carrier]
+ Transformationoutput of [energy carrier]
- Energy secto® energy use of [energy carrier]
- Final consumptiond non-energy use of [energy carrier]
- Statistical differences of [energyarrier]
= primary energy consumptiomf [energy carrier]

Todetermine the primary energy factor, the primary energy consumption has to be divided
by the final energy consumption of the relevant energy carrier.

A differert methodology has to be used foelectricity and district heatin comparison to
other energy cariers, as these are generated using otherenergy carriers, including
conversion lossesPrimary energy consumption for electricity and district heattiserefore
determined as follows:

final energy consumption of electricity/district heat
+ distribution losses of electricity/district heat
+ transformation inputof other energycarriersfor electricity/district heat generation
- transformation output of electricity/district heat
+ transformation input ofelectricity/district heat
= primary energy consumption of electricity/district heat

Todetermine the primary energy factor, the primary energy consumption has to be divided
by the final energy consumption oélectricity/district heat.
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In the case of conbined heat and power plants, transformation input has to be divided
between electricity and district heat, as the same fuel is used for the generation of both
products. For this analysis, th divisionis performed using the output share of electricity

and district heat as stipulated in the energy balance.

Primary energy savings and Article 7

It should be kept in mind that even though actions implemented in accordance with
Article 7 EED can be convertethto primary energy savings, some actions affecting primary
energy consumption do not have an effect on final energy consumption. Energy input used
for the production of electricity and district heat is allocated to the energy transformation
sector and therefore cannot be considered for Article 7. This includes renewable electricity
production as well as electricity production in egeneration plants.

Concening heat production by renewables, heat recovery and -generation, system
boundaries and reference heating systems have an influence on whether savings are
eligible for Article 7 or notContrary to the definitions stipulated by the Energy statistics
Regulation 1099/2008, the EED makes an exception for ambient heat. Ambient heat used
by heat pumps is not consideredas final energy consumptionso only the electricity
consumption of a heat pumps compared to the final energy consumption of other heating
systems.

1.1.2 Definition of a baseline

Annex V (2) (a) of the EED states that Member States need to show that savings reported
for the fulfilment of their Article 7 target need tde additional to actionswhich would have
been implemented at any event. In AnneX (2) (b) it is further elaborated that savings
triggered bymandatory Union lawcannot be considered additional. Therefore, the baseline
situation for savingsreported under Article 7 EERction must be defined in a way thatat
least, only savings goingoeyond the minimum requirements stipulated in Union law are
considered. While Annex V (2) (a) only refers to Article 7, this report also looks itite
effects on energy consumption relevanfor Article 3. As statel in chapter 1.1.1, the
approach chosen for assessing the effect oArticle 3 energy consumptiondoes already
consider existing measureskor the methodologies presented in the report, it therefore
assumed that forone specific actionimplemented, the baseline for Article7 equals the
baseline for Article 3. This approach is a necessary simplification, as Article 3 takes into
account an autonomous trend, but not on the level of individual actioriSigurel illustrates
what can be considered as savings achieved under Article 7 EEDthe case of an action
dealing with a product covered by akcodesignregulation (European Commission, 2019)
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Baseline defined on the basis of the Ecodesign Directive

A . Energy efficienc
Baseline . &Y Y
improvement measure

additional energy savings

Annual energy consumption

Product complying with the Product installed thanks to
minimum energy the contribution of the
performance requirements policy measure

Figurel: Baseline definition in accordance with Union law

Another factorto consider in defining acorrect baseline depends on whether the savings

derive from replacingan existing appliance or installing a new one. While the baseline in

case of a new installation will always be the minimum requirements as explained in the
previousparagraph, another baseline might be defined in case of replacements. However,
ithastobenot ed t hat only oearly replacementsod, s
average expected end of their lifetimecan be considered here according to Annex V (2) (f)

of the EED. Replacements which take place after an appliance has reached the endf i

lifetime should be consideredas new installations.

In case ofearly replacement it is therefore possible to use the normalized final energy
consumption before the action was implemented a& baseline for the savings calculation.

This approach is only applicable for t he ti
average end of lifeime has not been reached. Afterwards, the same baseline as for new
installations has to be considered for the |

(stairstep baseline) Figure 2 illustrates this approach which is based on (European
Commission, 2019)
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Srtair-step baseline for special case of early replacement

Early replacement = stair-step baseline

£

remaining lifetime of
period the new equipment

§\\ e
|

Eaiyveplacement  Espacine @ncicr iha End of the lifetime of
of the equipment average lifetime of the

replaced equipment

Annual energy savings

.
o

“early replacement”

“years

the new equipment

Figure2: Adjustment of baseline in case of early replacement

If for example a boiler \as installed in the year 2010 with an expected average lifetime of
20 years and is replaced by a new, more efficient boiler in the year 2021, the baseline for
the savings calculation wil!l be the ol
2021 6 2030. In the years 2030 to 2041, the baseline needs to be reduced to the baseline
defined for new installations, resulting imower energy savingdor this second period.

In order to be able to calculate the savings generated by early replacemenappliances
correctly, additional information on the old appliance needs to be collected (year of
installation, type of appliance, normalized energy consumption either by metered data or
engineering estimates)Additionally, Member States need to demonstratthat this early
replacement was incentivised by their policies set in placas this data collection increases
bureaucratic burden, some Member States opt to use the baseline for new installations in
any case, even if results from early replacement calation would in fact be higher.

When defining the baseline fomewly installed appliances, different approaches are
possible (European Commission, 2019)

o0 Market average The market average takes into account the normalized engy
consumption of all appliances available at the market. As all appliances available
should meet at least the legal requirements, the market average will most likely
meet those requirements or even result in lower energy consumptitmdefine the
baseline situation. Only the purchase of products and appliances which are even
more efficient than what is regularly sold on the market can be considered
additional. Apart from market research, relevant data might be taken from
certification programs for diffeent technologies, like theEurovent Certification
performed for ventilation and cooling equipment and heat pumps.

0 Legal requirements As already mentioned above, Annex V of the EED stipulates
that savings must be additional to standards defined in Union law. Most relevant
for this are the Energy Performance of Buildings Directive (EPBD) (Directive
2010/31/EU), the Ecodesign Directive (Directive 2009/125/EC) and the Union
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emission performance standrds for new passenger car& new light commercial
vehicles following the implementation of Regulations (EC) No 443/2009 and (EU)
No 510/2011. When defining the baseline conditions, Member States should also
consider national policies relevant for the Adie 7 reporting, especially in order to
prevent double counting. If for example national building codes define higher
standards than stipulated in EPB@i.e. higher standards than nearlyZero Energy
Buildings) the additional savings can be reported undeArticle 7. In case an
additional subsidy program for higher energy efficiency in buildings is in place, the
baseline for this program will be the national building code, in order to prevent
double counting of the savings achieved under both policies (sily program and
building code).

o0 Going beyond most economic decisio his approactfor baseline definitionshould
be considered separately for each action reported. In some cases, for example
equipment for industrial processes, there might be ntnomogenous solutions
suitable for this purpose and therefore comparison to similar actions is hard to
achieve. Inthe latter case, parties implementing the action have to show that they
did not opt for the most coséfficient option, but also considered eergy efficiency
in their decision. From a reporting perspective, this cdoe done either by asking for
materiality criterions from obligated parties in an EESDr, for example linking the
conditions of a subsidy to this criterion(e.g., threshold on paybek time).

In order to prove that the savings calculated can be considered additional to what would
have been implemented in any case, it is advised to statie baseline definition with the
most 0striiettdemarkei averagd. Im wase no datas available, first legal
requirements and then going beyond the most economic decision should be considered.

When defining deemed savings methodologies, the baseline needs to ipedated on a
regular basis Most importantly, future changes in EU legislati and/or national legislation
have to be considered and incorporated. In case these changes are already published, this
can be done by proposing different baselines depending on the year of implementation of
an action. Additionally, the data used for basee definition, like market averagesshould

be updated regularly in order to check how the baseline is affected by new appliances
entering the market. Another aspect to be checked regularly is market saturation: over
time, certain technologies formerly @nsidered asthe more efficient option might become
the most commorny usedtechnology in this case, the additionality criterion is no longer
viable.

The methodologies prepared within this report i€hapter 2 to Chapter 6 have been
prepared until August 2021. Relevant future changes in the regulatory framework already
published at this point have been considered in the definition of baseline and indicative
calculation values, but further updates will not be provided.

1.1.3 Approaches for cumulating energy savings under Article 7

When calculating final energy savings for Article 7, ERDnex V (2) (i) stipulates that the
lifetime of each individual savings actions as well as the rate at which these savings decline
over the years have to be taken into account. When an action is implemented, it will
0 depending on the action itselfd continue to deliver savings in the upcoming years.
Therefore, in a first step, the lifetime of a savings action has to be determined. The
Commission RecommendatiofEU) 2019/1658 offers a list ofindicative average lifetimes

of energy efficiency improvement mesaures and programmes for bottorup calculations
(European Commission, 2019)Other possible sources for the identification of the lifetime
of an action can be the EU standard EN15459:2017 (European Standards, 2017)legal
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depreciation periods or empirical studies (especially for measures fostering behavioural
changes). Each implemented action generates yearly savings from its implementation date
until the end ofits lifetime. However, only savings generated until December 312030,

are accountable for the current Article 7 perio{2021-2030). There are three options on
how Member States can cumulate savings:

o Straightforward method:The straightforward method conts the actual savings per
year. These savings in a certain year will consist both of savings by actions
i mpl emented in the relevant year (ofirst
actions implemented in previous years which still generate savings. this
approach, saving actions with a lifetime exceeding the 2023 2030 period which
are implemented at the beginning of the period will result in higher cumulative
savings than actions implemented at the end of the period.

0 Index value method:For the index value method, the first yedr savings are
multiplied with a factor. With the help of a scale, the actual lifetime of a savings
action is converted to this factor. Due to this method, savings actions will always
generate the same amount of cumulative avings, regardless of their
implementation date.

o Cap method:When using the cap method, a maximum lifetime is assigned to all
savings actions. The first yedr savings are then multiplied by the maximum lifetime
(unless the actual lifetime of the actionis shorter) to calculate the cumulated
savings. Due to this method, savings actions will always generate the same amount
of cumulative savings, regardless of their implementation date.

o0 Discount method For the discount method,a discount factor is applie to the
savings achieved in the years following the implementation of an actjaesulting
in decreased annual savings per action over timé®ue to this method, savings
actions will always generate the same amount of cumulative savings, regardless of
their implementation date.

When choosing one of the alternative approaches (index value methaaép method or
discount rate method, Member States have to make sure that cumulative savings reported
are not higher than savings calculated using thstraightforward approach. It is therefore
necessary to predict what energy savings actions will be implemented in terms of their
lifetimes and implementation dates in order to correctly adjust the cap or scaling for index
values.

Due to the different appraches available, the methodologies prepared for this report only
calculatefirst year savings

1.1.4 Correction for behavioural effects

Energy savings actions can trigger changes in behaviour of final enecgpsumers this
can lead to both increased and decreasd savings Behaviouraleffects are hard to evaluate
and should be based on empirical data (e.g. survey, studies on how behaviour is affected).
Although not explicitly mentioned in the EEDebound effects should be estimated and
taken into account by Membr States within their savings methodologies in order to
produce sufficiently accurate estimates of the generated energy savin@isabanca &
Bertoldi, 2016).

Rebound effect (direct)

What are direct rebound effectsn general, the rebound effect (or takéack effect) can
be defined as the reduction in expected gains from an intervention that increases the
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efficiency of resource use (energy), because of behavioral or other systemic responses. As
a result, the theoretcal impact an intervention could have is smaller than observedtt.
occurs whene.g.a decrease in the cost of using a product results in an increased use of
the product. Direct rebound effects have been described extensively for the transport
sector and fa residential heating. For example: More efficient internal combustion engines
make it possible to build more economical vehicles. Direct rebound effects oceuren the
engines become more powerful or when the vehicle is driven more frequentiTO,
Ricardo, Oko Institut, Wageningen University, 202@nother example is when fuel poor
households improve the efficiency of their homes ending up using more energy than they
previously did. This would be reflected by a large rebourmlit these households were not
adequately meeting their energy needs at first and the action helped alleviate the fuel
poverty.

Next to direct rebound effects, also indirect rebound effect®¢curringwhen decreaseal
costs of using a product result in incrased use of other products or expenditus) and
macro-economic rebound effects (the initial savings from an intervention result in a
stimulated demand of the whole economy) exi§V/ITO, Ricardo, Oko Institut, Wageningen
University, D20). As in streamSAVE we focus on Priority Actions, and nottloa system
perspective,only direct rebound effects areconsidered

The rebound effect can have a temporal dimension as wedlo a differentiation can be
made between shorferm and longterm rebound effects. Rebound effects can occur
through a variety of mechanismgFish & GrieRhammer, 2013)

o0 Income effects:when money is savedthrough efficiency masures, these savings
can lead to increased use of the more efficient good (direct rebound) or of other
goods (indirect rebound);

0 Substitution effect: the price of the resource is lower due to the efficiency measure,
which leads to the resourcédeing used more intensively and effectively substituting
other resources;

O Psychological effects: the efficiency
turn the same or other goods are used more;

o0 Technological rebound: the price reduction of a seurce allows new technologies
that require this resource to emerge which were previously not economically
viable;

o Consumer accumulation: new, more efficient technologies are used additionally
instead of replacing less efficient technologies

Severalstudies have quantified the rebound effect. These studies show that the size of the
rebound effect is very context dependent, not only with respect to the sector and
instrument type, but also to national circumstances (e.g. rebound effects are higher in
lower income countries). Direct rebound effects are easier to define antbasure because
they are related to the demand for a specific product or service. In contrast, indirect
rebound effects are more difficult to determine, because data on all resource dand from

an individual or a household needs to be collected.

Rebound effects can be very significant in certain sectors, reducing the total impact of a
savings actions. Energy savings calculations that do not include rebound effects thus could
overestimatethe impact of a Priority Action on energy savings or avoided greenhouse gas
emissions. Determining the size of rebound effects is often difficult, but existing studies
show that direct rebound effects for energy use in households are (vesygnificant, i.e.
between 10-30 % (VITO, Ricardo, Oko Institut, Wageningen University, 2020)
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Sufficiency & spill over effects

Behaviouraleffects are not, however, necessarily negative. Consumer behaviour can also
change in a way that further resource savings are achieved. Such sufficiency (when within
the same area) or spitbver (in other areas) effects are the opposite of direct or indoe
rebound effects (EERebound project, 2020) For example, if the purchase of a more
efficient washing machine leads to an increased awareness of enesgf§icient washing
and machines are thus loaded better or washed at loweermperatures, this would be an
example of sufficiency. SpHbver effects occur, for example, when purchasing a more
economic showerhead leads to a better understanding of water efficiency and the
purchase of watersaving fittings for the washbasin(VITO, Ricardo, Oko Institut,
Wageningen University, 2020)

Within the Priority Actios (PA), only effects directly related to the savings action will be
discussed: direct rebound effects, and if available or applicabled sufficiency. Spilover
effects are linked to savings in other areas #n the PA, so out of scope afhe Priority
Action

Other factors than behavioural effects that can explain the differences observed between
estimated and actual energy savings, inctle, amongst others, peormance gaps. The
performance gaps might be related to, for instance, poor installation or maintenance,
resulting in lower quality and performance of the implemented action. In the streamSAVE
methodologies, sufficient quality requaments are assumed, next to proper Monitoring &
Verification schemes to mitigate the risks of performance gapBor more details about
sources of differences between estimated and measured energy savings, see for example
(Sipma et al, EPATEE019).

1.2 Estimation of relevant costs connected to energy savings
actions

Next to savings estimationsan estimation of costs of the PriorityActions can provide
relevant input for policy makersand implementing parties By comparingthe costs of
Priority Actionswith the effects kWh of energy savedor ton of CQ reduced, on indication
can be made onthe cost effectiveness of the differentPriority Actions, i.ewhich action
fulfils the energysavingsor CQ reduction targets at the lowest cos? During stakeholde
consultation, a strong need to improve the understanding of costfectiveness abse as
these assessments are typically Member Statgpecific and dependent on a series of cost
parameters.The cost parameters that are important for the assessment of Prigr Actions
are explained below, as well as in the respective section of the Priority Actions.

Cost estimations are also relevant fgoolicy makersand implementing partieshat want to
assess and compare Priority Actiortsased onother financial criteria, such as net present
value and internal rate of return

1.2.1 Typology of costs

In the cost calculations, streamSABfocuses on the costs directly related to the purchase,
installation and operationalization of the Priority Action. These direct costs encompass
investment costs, variable and fixed operational costs. The implementation of a Priority
Action may also generi negative direct costs or revenues, such as additional revenues
from the sale of residual products and bproducts (National Center for Environmental
Economics, Office of Policy, U.S. Environmental Protection Agency , 2QMiynaerts,
Ochelen, & Vercaemst, 2003)
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Investment or capital costanclude expenditures on installation or retrofit of structures or

equi pment. These expendituresi meecosemMsdi ma s
expenditures for equipment installation and starup. Also, the implementation oé Priority

Action may result in an existing installation having to be replaced before the end of its
economic life. In that casecosts of early replacement have to be taken intaccount, such

as residual values

Theoperational costsare the recurring expenditures to keep the Priority Action operational.
A distinction can be made between variable operational costs (e.g. variable overheads,
utilities, energy costs, waste disposalcosts) and fixed operational costs (e.g. general
overheads, insurance costs, labour costs, periodic fixed maintenance and repairing costs).

o0 For calculating the costs related to the consumption of electricity and fuels, the
same energy unit prices can be sed for all Priority ActionsAnnual prices for
electricity and gas for householsland nonhouseholdsin the EU Member States
can be consulted at Eurostat:
https://ec.europa.eu/eurostat/web/energy/data/database . These historical prices
can be used as starting point to define scenarios of future price developments.

o0 In 2020, average hourlylabour costs were estimated at EUR 28.5 in the European
Union. Howeverthis average masksizeable gaps between EU Member States, with
hourly labour costs ranging between EUR 6.5 and EUR 43®wurly labour costs for
the different EU Member States and NAGEectors can be consulted at Eurostads
well:
https://ec.europa.eu/eurostat/databrowser/view/lc_Ici_lev/default/table?lang=e
n

1.2.2 Discounting of costs andbenefits

Discounting allows for comparing the costs and benefits of a Priority Action that occur
during the lifetime of theaction by expressing their values in present term@ational
Center for Environmental Economics, OfficeBblicy, U.S. Environmental Protection Agency
, 2014) (Meynaerts, Ochelen, & Vercaemst, 2003uropean Commission, 2017)There
are several methods for discounting future values to theresent: the most common are
(net) present value (PV) and annualized costs and benefits. Discounting can be doomf
the perspective of a society as-whole (social discounting) or from the perspective of an
individual or firm (private discounting). Alseeal or nominal benefits, costs, and discount
rates can be used ¢f. section1.2.3).

L i
I Fo 4w mll <
'ﬂ' > <
«
PV PresentValue
r Discount rate
n (economic) lifetime of the technical action

To have an indication of the profitability of the Priority Actionet present value of costs
and benefitscan be estimatedseparately and thenbe compared to arrive atnet present
value. An example of the calculation ofhe (net) present valuecan be found in(European
Commission, 2017) Otherfinancial criteria that can be used to assess the profitabilitgf
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Priority Actionsare, for example,the internal rate of return (IRR)and the (discounted)
payback period.Theinternal rate of returnis the discount rate thatturns the net present
value to zero.The (discounted) pay-back period is the period of timat takes to cover the
initial investmentcost in yearO with the (discounted)future cash flows

When comparing PA with different time horizons, it isrecommended to calculate the
annualised costs and benefits (instead of NPV)and convert the time varying stream of
values to a constant stream.

»D
o otupo E% m B O—

>

PV Present Value
r Discount rate
n (economic) lifetime of thetechnical action

Annualized costsof a Priority Actioncan also be compared with nomonetized annual
benefits that are constant over the considered time period, such annual reduction in
ton CQ emissions orannual reductions inkWh energy consumptionAn example of the
latter is the cavoi dance c o0 shy theDeisking aEnergy 6 Efficiency
Platform (DEER® .

1.2.3 Real and nominal values

Investment and (net) operating costs of the Priority Action can be expressed in nominal or
real prices. Costs expressed in current prices are called nominal values. Costs expressed
in prices of a certain base year, i.e. by taking into account inflation, are called real or
constant values.Nominal pricescan be convertedto real prices of a certain hse year by
using e.g. the harmonized index of consumer prices (HICP)
(https://ec.europa.eu/eurostat/web/hicp/data/database ) (HICP 2015 =100):

T - A vt
1 =Rl

S Band 21 R

1.2.4 Private and social perspective

Theprivate costis the cost from the point of view of the person who does the investment
in the Priority Action. In calculating the private cost, taxes (e.g. VAT), subsidies or other
allowances such as increased investment deduction for a company, must be taken into
account. The social costis the cost from the point of view of society as a whole. By
definition, the social cost is the opportunity cost (or economic cost) to society as a result of
implementing the Priority Actior(European Commission2017) (Meynaerts, Ochelen, &
Vercaemst, 2003)(European Commission, 2015)Whencalculating the social cost, some
corrections have to be made, e.g.:

0 Taxes and subsidies are not included in éaulating social costs as these are
transfer payments that do not represent real economic costs or benefits for society.

2 Avoidance cost in the DEEP EEFIG platform is the average cost for each energy saved over the lifetime of
the measure fttps://deep.eefig.eu/ ).
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In Ecodesign Impact Accounting, an EU average percentage of the Value Added Tax
(VAT of 20 %is considered (VHK, 2019). As the level of VAT varies across countries,
products and types of services, action specific values are preferably used to
calculate social costs.

o0 Social discount rates are used instead of private discount rates. The European
Commission reommends 4% as social discount rate(European Commission,
2017). This 4%rate is in real terms and is applied to costs and benefits expressed
in real or constant prices. When dealing with nominal prices, the social discount
rate should be increased with the inflation rate. For example, if inflation amourits
3 %, thenthe nominal, social discount rate is ®6. The private discount rate will
generally exceed the social discount rate by an amount that reflects the risk of the
investment and the time value of money. A commonly used approach consists of
estimating the actual cost of capital. A proxy for this estimation is represented by
the real return on government bonds, the lonterm real interest rate of commercial
loans, or a veighted average of these two rates (Weighted Average Capital Gbst
WACCJ]European Commission, 2015fEuropean Commission, 2017)

0 For calculating social costs, shadow prices are used to reflect the social opportunity
cost of goods and services as market prices may be distorted by e.g. taxes, duties,
subsidies, rigid exchange rates, rations on production or consumption, regulated
tariffs, oligopoly or monopoly price setting and imperfect information. Several
approaches exist to calculate shadow prices (e.g. willingnesspay). An overview
of the different approaches and some practical examples are provided in the Guide
to CostBenefit Analysis of Investment ProjectéEuropean Commission, 2015)

1.3 Estimation of greenhouse gas savings

Althoughthe EED doesot directlymonitor results in terms ofreduction of greenhouse gas
emissions the EED is clearly meanto contribute to the achievement of the EU climate
target as put forward by the EU Green Deal InitiativdNext to preparingcalculation
methodologies for final and primary energy savings aedsts of Priority Actions, this report
includes guidance on how he greenhouse gas (GHGgmission reduction potential of
energy savings actions implemented under the EED can be assessed. The following chapter
explains the rationale behind these calculations and offers indicative values for the
relevant GHGemission factors.

According to Article 24 of the Greenhouse Gas Directive (2018/2066/EU), operators of
installations subject to the emissions trading system (ETS) can determine tBHG
emissions generated in installations by a standardized calculation meiftiology. For the
calculation, the activity data€.g.fuel combusted) has to be multiplied by th&HGemission
factor of the respective energy carrier. The emission factor is a conversion factor between
energy consumption based on net calorific values of apecific energy carrier and
emissions. This means that the effects of energy efficiency measures on the greenhouse
gas balance can also be determined using emission factors.

Similar to the determination of energy savings, the difference between t1Gemissions
before and after the actionds i mplementation
The calculation formula is as follows:
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"00'0"Y0 (OO0 ‘000

GHGSAV  Greenhouse gas savings [EQ/a]

GHG Greenhouse gas emissionft CQ/a]
Baseline Index for the baseline situation of the action
Action Index for the situation after the implementation othe action

To determine the greenhouse gas emissions before and afierplementation of anaction,

the energy consumption must be multiplied by the emission factor of the respective energy
carrier. Usually one specific energy carrier is replaced in a single energgpwsng action.
However, there are also energy saving actions in which several energy carries are replaced
at the same time.As soon as several energy carriers are involved, a weighted emission
factor should beapplied. Such a weighted emission factor can sb be used when creating
standardized values or when evaluating several energy saving actions at the same time.
The following formula can be used for evaluations in which either only one or several energy
carriers are affected:

‘000 T "000 T 2 ("I DQ
GHG Greenhouse gas emissions [EQ/a]
FEC Annual final energy consumption [kWh/a]
share Share of final energy carrier on final energy consumption [dmnl]
feHG Emissionfactor of final energy carrier [CQ / kWh]
ec Index of energy carrier
Baseline Index for the baseline situation of the action
Action Index for the situation after the implementation othe action

Either direct emissions (from the combustion of an engy carrier) or indirect emissions
(taking into account the upstream chains) can be useih determine theemission factos
(Sotos, et al., 2015, p. 33) When selecting theGHG emission factors, the national
circumstances must be taken into accountWhen determining the effects of an energy
saving action on a countr§ greenhouse gas balance/inventory, only those upstream
chains that are domestically affected by the action can be taken into account in the iredit
emission factors. Relevant for most Member States are the indirect emissions from
electricity and district heat, as these secondary energy carseby definition, do not cause
direct emissions.

The direct emissiondactors (in g CQ per kWh, C@equivalents of other greenhouse gases
not included) as well as the indirect emission factors for electricity and district heat, are
listed in the table below Emission factorsare taken from Annex VI of the Greenhouse Gas
Directive (2018/2066/EU) (European Commission, 2018)In this report, focus is on the
calculation ofdirect emissions, including emissions from electricity and heat
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Table2: Emission factor by energy casr 0 average European values (data from 2021

used)
Energycarrier Fgm&sg;ﬁsvfactor
Electricity 133.30
District heat 209.90
Natural gas 201.96
Gas/Diesel oil 266.76
Motor gasoline 249.48
Biodiesels 0.00
Biogasoline 0.00
Otherliquid biofuels 0.00
Biogas 0.00
Wood/wood waste 0.00
Other primary solid biomass 0.00
Kerosene (other than jet kerosene) 258.84
Liguefied petroleum gases 227.16
Naphtha 263.88
Natural gas liquids 231.12
Petroleum coke 351.00
Refinery gas 207.36
Residual fuel oil 278.64
White spirit and SBP 263.88
Other petroleum products 263.88
Anthracite 353.88
Lignite 363.60
Charcoal 0.00
Coal tar 290.52
Coke oven coke and lignite coke 385.20
Coking coal 340.56
Patent fuel 351.00
Subbituminous coal 345.96
Other bituminous coal 340.56
Industrial wastes 514.80
Blast furnace gas 936.00
Coke oven gas 159.84
Oxygen steel furnace gas 655.20
Oil shale and tar sands 385.20
Peat 381.60
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Todetermine emission factors for electricity and district hea&s given in the tableabove,
the energy inputs(so input of other energy carriersjor district heat generation and
electricity generationare multiplied with the respective emission factors and divided
through the total energy inputfor each energy carrier(Eurostat, 2021) (European
Commission, 2018)
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feHe Emission factor of energy carrier [EQ / kWh]
TI Transformation input of the electricity or heat generation plant [TJ]
TO Transformation output of the electricity or heat generation plant [TJ]
ec Index of energycarrier used for electricity/district heat generation
PP Index of power plants
CHP Index of cogeneration plants (combined heat and power)
HP Index of heat plants
el Index of electricity
dh Index of district heat

For combined heat and poweplants, the output share of district heat and electricity is
taken to determine the relevant input quantity for district heat and electricity production.
Renewable plants (e.g. hydro power) as well as nuclear power are assigned an emission
factor of zero.

As there can be significant differences among countriethie national circumstances must
be taken into account, when selecting GHG emission factors, especially for indirect
emissions, such aselectricity and district heat. It should be noted that the factos
presented depend on the composition of the power plant park and energy carriers used in
the conversion in the case of electricity and district heating. As the underlying data used in
the calculation was extracted from EUROSTAdring summer 2021, it is advised to use
the latest available datafor calculations performed at a later stage.
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Chapter2  Savings calculation forheat recovery and
district heating

Savings calculation methodologies covered by thigiority Action focus on heat recovery
from industrial processes, orsite and in district heating grids respectively. There is a wide
spectrum of heat consuming applications in industry that are suitable for heat recovery
actions. Therefore, it is not feasible to definene representative application.

Hence, methodologies for three groups of use cases are elaborated within this chapter:
0 Heat recovery for orsite use in industry- feedback of excess heat into a process
0 Heat recovery for orsite use in industry- use of ex@ss heat for onsite applications
0 Heat recovery for infeed into a district heating grid

In addition to saving energy, heat recovery systems lead to the reduction of waste heat into
the ambient air or into rivers, which puts less strain on nearby ecosystenie lower fuel
input can also reduce air pollutant emissions.

2.1 Heat recovery for orsite use in industry- feedback of excess
heat into a process

This methodology refers to the use of excess heat from an industrial process directly on
site. As energy sawig action, a heat consuming industrial process (e.g. oven) is retrofitted

with a heat recovery system (e.g. economizer). The recovered heat is fed back into the
process and therefore causes a reduction of the energy input needed for the process.

Baseline Action
Progess Progess

process input process output

process input process output

. heat input
heat input excessheat

electricity
input

recovered hea

Figure3: Schematicillustration of feedback of excess heat into the process

The methodology is limited to facilities thamanufacture goods (industry sector)Within
this sector, it is applicable regardless of the energy carrier and the heat recovery
technology. Recovered hat from buildings (heating, ventilation and air conditioning)
cannot be evaluated with this methodology. Further excluded from this methodology (for
the calculation of Article 7 savings) are facilities that generate electricity and district
heating, as thear energy input does not count as final energy according to the Regulation
(EC) 1099/2008 on energy statistics.

Industrial processes with a potential for excess heat recovery are heterogeneous regarding
their functions, dimensions, capacities etc. and aresually custommade. Hence, it is
impracticable to evaluate industrial heat recovery measures with standardised values.
Instead of providing indicative calculation values, this methodology focustrefore on
guidelines for the acquisition of appropriatelata.
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2.1.1 Calculation of final energy savings (Article 7)

The final energy savings can be calcutd with the following equation:

... 000 "000 .
Y'OOY — — DI
neé ne¢

TFES Total finalenergy savings [kWh/a]
FEC Final energy consumption [kWh/a]
po Production output [units/a]
Baseline Index for the baseline situation of the action
Action Index for the situation after the implementation of the action

Indicative calculationvalues for this methodology are only prepared for the lifetimef
savingsdue to the wide range of industrial applications.

Table3: Indicative calculation value fofeedback of excess heat into a process

Lifetime of savings [a]

Heat recovery in industry

Methodological aspects

Basically, the calculation formula compares the specific final energy consumptions of the
process before and after implementation of the action. The final energy consumption
(before/after the action) is related to the production outputs (before/after the action).
Thus, the calculation method implicitly normalizes varying production rates.

Presuming that the action would not have been implemented without an incentive, it is
obvious that the final energyconsumption of the existing process (without heat recovery)
eqguals the baseline for the evaluation of the action.

The implementation of a heat recovery system is sometimes accompanied repound
effects. For instance, a rebound effect occurs when a highhergy consumption of the
pumping of the heat conducting medium compensates the energy savings from the action.
Therefore, this methodology considers all energy carriers consumed in the process (main
energy carriers, auxiliary power etc.).

Data sources forindicative calculation values

Due to the large variety of industrial processes and the wide scope of this methodology,
indicative calculation values are considered impracticable. Instead, this methodology
provides aguidancefor the evaluation of savingdased onmeasured values.

The methodology is intended to be applied by implementipgrties themselves As there
are no indicative calculation values for final energy consumption and production outputs,
data must be generated individually. Measurements havto be carried out in the same
setting before and after the implementation of the action.

The final energy consumption before/after the implementation of the actiof-EGaseiine,
FEGcion) includes all energy sources of theelevant process. Consequentlyit takes into
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account all used fuels (e.g. for a furnace) and energy consumption for the technical
equipment (e.g. pumps, compressors, control unitsyespectively. All relevant energy
consumption has to be measured over representative periods before aafter the action
and, if applicable, converted into kWIRepresentative periodsnay vary depending on the
production process. If, for example, production fluctuates over the course of a year, at least
a full year of measurements should be considered. Ohe opposite, for processes with
steady production rates shorter periods may be sufficient. Therefore, the measuring
periods have to be weltonsidered.

If more than one production process is fed by the heat consumer, the energy consumption
must be allocated proportionally.

If a relevant part of the energy consumption of the process depends on the weather, the
weatherrelated consumption must be normalized. Normalization with heating or cooling
degree days is recommended:

"00 0 & %# :)—'O o
° 00
FEGorm Normalized final energy consumption [kWh/a]

FEGeasurea Measured final energy consumption [kWh]
DDhorm Average annual heating or cooling degree days [Kd/a]
DDp Average heating or cooling degree days during theeasuring period [Kd]

The average heating or cooling degree days have to be calculated from weather related
measurement records. To determine degree days, each recording period (e.g. hours, days)
has to be multiplied with the temperature difference betwan the required process
temperature and the average outdoor temperature. To obtain the normalisen [fom)
degree days, it is advisable to average over several years.

The production output before/after the implementation of the action(posaseiine, POaction)
refers to the amount of goods which is produced or manipulated in thelegant process.
SemtHinished goods, intermediates or material inputs (e.gteam) can also be considered
as production output in terms of this methodologyl.he production output bebre and after
implementing the action has to be measured (or documented) using the same unit
(volume, tons, pieces, etc.).

Final energy consumption and production output must be measured within the same
(representative) period. Measured data has to be egfpolated to a calendar year.

For monitoring reasons, it is suggested to use measuring protocols including the
installation layout, measurement setup and period.

Thelifetime of savingscorresponds to the Indicative energy savings lifetimes of wadteat
recoveryin industry according to Appendix VIII of the Commission Recommendation (EU)
2019/1658 of 25 September 2019 on transposing the energy savings obligations under
the Energy Efficiency DirectivEuropean Commission, 2019)

2.1.2 Calculation of impact on energy consumption (Article 3)

The calculation of final energy savings for Article 3 can be taken from chap®t.1l on
calculation of find energy savings (Article 7).
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Due to the nature of the methodology presented, it cannot be used for Article 3ate
assessments. In order to prepare estimations on the amount of savings which can be
achieved in the area of heat recovery, national wasteshit potentials monitored under
Article 14 and Annex VIII EED or monitored savings of heat recovery projects from earlier
years (e.g. from previous periods of EED reporting or databases of subsidy schemes) could
be used.

The effect on primary energy consuntipn can be calculated with the following equation

05 06 :Lo% G108 01 0B %ﬁ%m G108 00 8 g I 650 s
EPEC Effect on primary energy consumption [kWh/a]
FEC Annual final energy consumption [kWh/a]
po Production output [units/a]
shareec Share of final energy carrier on final energy consumption [dmnl]
frE.ec Final to primary energy conversion factor of the energgrrier used [dmnl]
Baseline Index for the baseline situation of the action
Action Index for the situation after implementation of the action
ec Index of energy carrier

Because the energy consumption of the respective process must be measured anyway, the
energy carrier distribution is implicithdetermined as well. For this reason, no indicative
calculation values for theshares of energy carriers are provided here. Furtbrmore, the
diversity of industrial processes does not allow fargeneralizednarrowing down to specific
energy carriers for the determination of emission factors.

EU27 average alues for the conversion factors from final to primary enerdgr different
energy carriers are listed in chaptet.1.1 of this report.

2.1.3 Overview of costs related to the action
Overview of relevant cost components

Costs associatedwith the implementation of an industrial waste heat recovery system
include investment and operational expenditures.

Investment expenditurescover all costs for materials, components, engineering and
installation work. Main components that need to be purchased and installed at least
include:

0 heat exchanger(s)

pipelines

circulating pumps

measuring and control technology

o Oox Oox Ox

insulation
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Depending on the type and dimension of the process as well as the heatriséer medium
(steam or hot water), the list of components may be extended widely.

Next todirect costs of components and materials, investment costs include labour costs
initiated by project design, installation work, commissioning of the facility and itnang of
employees. Costs caused by the interruption of the process (production downtimes) due to
heat recovery installation work musalso be taken into account. Businesses may combine
the retrofitting of the facility with scheduled revisions tbmit costs.

Operational expendituresnclude fixed costs for periodic maintenance and repaio the
heat recovery system, in terms of labour and materials. Maintenance costs depend on the
installed technology which may result in increased labour and material cosis even
occasional downtimes of the facility. Variable operational expendituréslinked to the
operating hours- include mostly electricity costs for the circulation of the heat transfer
medium (electricity consumed by pumps and control units) anghinor utilities. Some
systems also need cooling watefior the operation of a condenser.

In addition to the reduced fuel costs for the industrial process, excessr under
consumption of specific energy carriers may influence operating costs. Depending on the
energy carrier (e.g. natural gas, electricity), heat recovery can lead to reduced performance
peaks and therefore reduce performance related tariff components. On the other hand, the
installation of a heat exchanger normally causes an additional pressure lpsghich in the
end results in increased power consumption.
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Table4: Indicative costs (excl. VATYr feedback of excess heat into a process

[eur02008-2021] ‘ Investment costs
Total investment costs 0.1000 . 5 6 ( redoveted\Heat

Design and Engineering Hourly labour costsfrom chapter 1.2.1 (labour costsin
work (labour costs) engineering)

Installation work (labour| Hourly labour costsfrom chapter 1.2.1 (labour costs in
Costs) industry)

Training of  personnel Hourly labour costsfrom chapter 1.2.1 (labour costs in
(labour costs) industry)

Production downtimes Not available

[euro2021/a] ‘ Variable operational costs

Energy pricedrom chapter1.2.1 (depending on fuel used

Costs of reduced fuel input in the industrial process before implementation)

Energy pricesfrom chapter 1.2.1 (eledricity for non

Electricity costs household consumers)

Cooling water costs No data available
[euro2021/a] ‘ Fixed operational costs

Maintenance (labour costs)| 2 % of equipment installed costs

Production downtimes No dataavailable

[euro2021/a] ‘ Revenues
Norevenue

[a] \ Lifetime

Lifetime 10

Methodological aspects

Information on costs of heat recovery in industry is scarce, as such applications highly
individual and usuallysold as an overall service consisting of technical planning, legal
submissions, purchase of equipment and installation and calibration of the heat recovery
system. Such service contracts are private law agreements and not publicly available.

The data retreved for investment costswas publ i shed by okl i maask
benchmarking programme for (inter alia) industry sectors funded by the Austrian Ministry

for Climate Action (BMK)The databasecontains approximately 10Cheat recoveryprojects

which were implemented between 2008 and 2021. The lower and upper quantiles of the

listed projectswere used to calculate theaboverange and to exclude outliersinvestment

costs were examined pesector; however, no significant differences could be id¢ified. As

no data on the installed power of the listed heat recovery systems is available, investment

costs are related to the quantity of recovered heat.

In order to estimatelabour costs chapter 1.2.1 offers data for the EU Member States. No
information on thenumber of working hours was found.
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Due to the implementation of heat recoveryariable operational costsof the existing
application will change as follows:

o0 Costs of fuel input: Due to the heat recovery feeding back into the same process,
the fuel consumption of this process is reduced by the amount of heat recovered.
In order to calculate fuel cost savings, fuel prise for fuels useal before
implementation,and conversion efficiency of the process have to be considered.

0 Electricity costs: Additional heat exchanges in the system cause increased pressure
loss in the system. Additional pumping energy is needed to compensate for this.

0 Cooling water costs:The amount of cooling water needed is reduced by the
implementation of heat recovery. Depending on national legislatisagarding the
use of surface or groundwater in Member States, this may also lead to reduced
COsts.

Fixed operation& costs mostly consist of the labour cost needed for maintenance of the
application. A study co-nduc tUendvebby fd@Irscthiutnygt
sets the averagemaintenance cost at 2% of the investment costs. Additionally, potential
production downtimes of the process during maintenance should be considered.

As the heat recovered from a process is fed back into the same process, nevenue is
generated. However, amortisation of such projects is achieved by reduced fuel
consumption (cf. setion on variable operational cost}.

Data sources for indicative cost values

The totalinvestment costs are related to the amount of recovered heat quantities and were
derived from a publicly availablebest-case database (BMK, 2021) of the dcklimaaktivd
programmeof the Austrian Ministry for Climate Action (BMK)

I nformati on on maintenance cost i s taken fro
Energeund Umwel t forschung Hei del bergdé for the (
(Blomer etal., 2019).

2.1.4 Calculation of CQ savings

The greenhouse gas savings can be calculated with the following equation:

00OV G '(9(»1 Qa:j)a ani Q 6] ; - '(9(00 o ¢
N8&oi a0 N8 qo0ct

@i i Mg’

GHGSAV  Greenhouse gas savings [EQ/a]

FEC Annual final energy consumption [kWh/a]

po Production output [units/a]

share Share of final energy carrier on final energsonsumption [dmnl]
feHe Emission factor of final energy carrier [§Q/kWh]

Baseline Index for the baseline situation of the action

Action Index for the situation after implementation of the action

ec Index of energy carrier
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The final energyconsumption (FEC) as well as the process output (po) of the baseline and
the action can be taken from the savings calculation for Article

Because the energy consumption of the respective process must be measured anyway, the
energy carrier distribution s implicitly determined as well. For this reason, no indicative
calculation values for theshares of energycarriers are provided here. Furthermore, the
diversity of industrial processes does not allow fargeneralizednarrowing down to specific
energy carriers for the determination of emission factors. The full table containing all
emission factors is available irchapter 1.3.
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2.2 Heat recovery for orsite use in industry- use of excess heat
for on-site applications

This methodology refers to the use of excess heabm an industrial process orsite. As
energy saving action, a heat consuming industrial process (e.g. oven) is retrofitted with a
heat recovery system (e.g. heat exchanger). The recovered heat serves as a heat source
for anotherapplication on the site €.9. space heating systenpreheating another procesk
Therefore, it causes a reduction of the input of the main energy carrier in the other
application.

Baseline Action
Processl Processl

process input process output process input process output

heat input

heat input excess heat
recovered heat

excess heat

electricity input

Process? Process?

Figure4: Schematic illustration of orsite use of excess heat foother applications

heat input

The methodology is limited to facilities thamnanufacture goods (industry sector)Within
this sector, it is applicable regardless of the energy carrier and the heat recovery
technology. Recovered heat from buildings (heating, ventilamoand air conditioning)
cannot be evaluated with this methodology. Further excluded from this methodology (for
the calculation of Article 7 savings) are facilities that generate electricity and district
heating, as their energy input does not count as fihanergy according to the Regulation
(EC) 1099/2008 on energy statistics.

Industrial processes with a potential for excess heat recovery are heterogeneous regarding
their functions, dimensions, capacities etc. and are usually custemade. Hence, it is
impracticable to evaluate industrial heat recovery measures with standardised values.
Instead of providing indicative calculation values, this methodology focuses on guidelines
for the acquisition of appropriate data.
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2.2.1 Calculation of final energy savings (Artie 7)

The final energy savings can be calcutd with the following equation:

i T P .

TFES Total final energy savings [kWh/a]
Qec Recovered heat consumption of the application [kWh/a]
effmns Conversion efficiency of the main heating system of therelevant

application [dmnl]
feEH Factor for correction of behavioural effects [dmnl]

Indicative calculation values for this methodology are only prepared for the lifetiroé
savingsdue to the wide range of industrial applications.

Table5: Indicative calculation value fouse of excess heat for osite applications

Lifetime of savings

Heat recovery in industry 10

Methodological aspects

Thecalculation formula considers the amount of recovered heat which is used in another
application and thus (partly) substitutes the energy source for the main heating system of
the application. To take heat generation losses into account, the efficiency bktmain
heating system of the other application is brought into the equation.

Presuming that the action would not have been implemented without an incentive, it is
obvious that the energy consumption of the existing application (without use of recovered
heat) equals the baseline for the evaluation of the action.

Behavioural reboundeffects may arise because the recovered waste heat is inexpensive
compared to any other energy carrier. For example, the use of waste heat for space heating
can trigger increase comfort requirements higher roomtemperature, increased heated
floor area).

Data sources for indicative calculation values

Due to the large variety of industrial processes and the wide scope of this methodology,
indicative calculation values are consided impracticable. Instead, this methodology
provides aguidancefor the evaluation of savingdased onmeasured values.

The methodology is intended to be applied by implementipgrties themselves.As there
are no indicative calculation values for the rexwered heat from processes and efficiencies
of heat consuming applications, data must be generated individually.

The Recovered heat consumption of the applicatiott)-c) should be measured by a heat
meter and, if applicable, converted into kWh. For monitog reasons it is suggested to use
measuring protocols including the installation layout, measurement setup and period.
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If the provided application is another production process on the site, the heat consumption
of this process probably needs to be normizkd. It is recommendedto do a normalization
based onproduction output rates:

= ne
U 5 1 ; o—
neé
Qrecynorm Normalized recovered heat consumption [kWh/a]

Qecmeasured  Measured recovered heatonsumption [kWh]
pOIt average annual production output over the lifetime of the action [units/a
POmp production output during the measuring period [units]

For the Conversionefficiency of the main heating system of the applicatioieffins),
applicationsspecific information is to be usedoreferably. In some cases, the conversion
efficiency is provided by the manufacturer of the application (e.g. on the etabel). If
specific values are unavailable, average efficiencies (e.g. from National &tards,
literature) may be taken into account.

If more than one application is fed by the recovered heat, energy consumption and
efficiency must be considered separatelfor each application

Thelifetime of savingscorresponds to the Indicative energy savings lifetimes of wadteat
recoveryin industry according to Appendix VIII of the Commission Recommendation (EU)
2019/1658 of 25 September 2019 on transposing the energy savings obligations under
the Energy Effi@ncy Directive(European Commission, 2019)

2.2.2 Calculation of impact on energy consumption (Article 3)

The calculation of final energy savings for Article 3 can be taken from chapBR.1 on
calculation of final energy savings (Article 7).

Due to the nature of the methodology presented, it cannot be used for Article 3ate
assessments. In order to prepare estimations on the amount of savings which can be
achieved in he area of heat recovery, national waste heat potentialmonitored under
Article 14 and Annex VIII EE& monitored savings of heat recovery projects from earlier
years (e.g. from previous periods of EED reporting or databases of subsidy schemes) could
be used. In case this database is not available, rough estimations can only be made (high
uncertainty).

The effect on primary energy consumptioran be calculated with the following equation

00 060084 0Pa: d Wi oi 0d@@s O0Fss @ : (BIdas Ry

Q6 Q0

EPEC Effect on primary energy consumption [kWh/a]
FEC Annual final energy consumption [KWh/a]
shareec Share of final energy carrier on final energy consumption [dmnl]
fPE,ec Final to primary energy conversion factor of the energy carnesed [dmnl]
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Baseline Index for the baseline situation of the action
Action Index for the situation after implementation of the action
ec Index of energy carrier

Because theenergy consumption of the respective process and appliancesmust be
measured anyway, the energy carrier distribution is implicithetermined as well. For this
reason, no indicative calculation values for thehares ofenergycarriersare provided here.
Furthermore, the diversity of industrial processes does not allow f@marrowing down to
specific energy carriers for the determination of emission factors.

EU27 average @lues for the conversion factors from final to primary energy for different
energycarriers are listed in chapterl.1.1 of this report.

2.2.3 Overview of costs related to the action
Overview of relevant cost components

Costs associated with the implementation of an industrial waste heat recovery system
include investment and operational expenditures.

Investment expenditurescover all costs for materials, components, engineering and
installation work. Components that need to bpurchased and installed at least include

0 heat exchanger(s)

o0 pipelines

0 circulating pumps

o0 measuring and control technology

Depending on the type and dimension of the process as well as the heat transfer medium
(steam or hot water), the list of components mabe extended widely.

Next to costs of components and materials, investment costs include labour costs initiated
by project design, installation work, commissioning of the facility and training of employees.
Costs caused by the interruption of the proces§roduction downtimes) due to heat
recovery installation work musalso be taken into account. Businesses may combine the
retrofitting of the facility with scheduled revisions tbmit costs.

Operational expendituresnclude fixed costs for periodic mairgnance and repair works of
the heat recovery system, in terms of labour and materials. Maintenance costs depend on
the installed technology which may result in increased labour and material costs or even
occasional downtimes of the facility. Variable opetianal expenditures include mostly
electricity costs for the circulation of the heat transfer medium (electricity consumed by
pumps and control units) and minor utilities.

In addition to the reduced fuel costs for the industrial process, excessr under
consumption of specific energy carriers may influence operating costs. Depending on the
energy carrier (e.g. natural gas, electricity), heat recovery can lead to reduced performance
peaks and therefore reduce performance related tariff components. On thiher hand, the
installation of a heat exchanger normally causes an additional pressure loss, which in the
end results in increased power consumption.
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Table6: Indicative costs (excl. VAT) fase of excess heat for omsite applicaiions

[euro2008-2021]

Total investment costs

‘ Investment costs

0.1000 . 56 ( redoveted\Heat

Design and Engineering wor]
(labour costs)

Hourly labour costdrom chapter1.2.1 (labour costs in
engineering)

Installation work (labour costs)

Hourly labour costdrom chapter1.2.1 (labour costs in
industry)

Training of personnel (labou|
Costs)

Hourly labour costdrom chapter1.2.1 (labour costs in
industry)

Production downtimes

[euro2021/a] ‘

Costs of reduced fuel input

Energy pricesfrom chapter 1.2.1 (depending on fuel

Not available

Variable operational costs

used in theon-site application)

Electricity costs

Energy pricesfrom chapter 1.2.1 (electricity for non
household consumers)

Cooling water costs
[euro2021/a] ‘

Maintenance (labour costs)

No data available
Fixed operational costs

2 % of equipment installed costs

Production downtimes
[euro2021/a] ‘

] |

Lifetime

No data available
Revenues

No revenue
Lifetime

10

Methodological aspects

Information on costs of heat recovery in industry is scarce, as such applications are highly

individual and usually sold as an overall service consisting of technical planning, legal
submissions, purchase of equipment and installation and calibration ofdtheat recovery
system. Such service contracts are private law agreements and not publicly available.

The data retrieved forinvestment costsw a s

published by o0kl

benchmarking programme for (inter alia) industry sectors funded by tAeistrian Ministry
for Climate Action (BMK). The databasmntains approximately 10Cheat recoveryprojects

which were implemented between 2008 and 2021. The lower and upper quantiles of the

listed projects were used to calculate theaboverange and to extude outliers.Investment

costs were examined pesector; however, no significant differences could be identified. As
no data on the installed power of the listed heat recovery systems is available, investment

costs are related to the quantity of recovereteat.

In order to estimatelabour costs chapter 1.2.1 offers data for the EU Member States. No

information on thenumber of working hours was found.
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Due to the implementation of heat recoveryariable operational costsof the existing
application will change as follows:

0 Costs of fuel input: Due to the heat recovery being used in another -gite
application, the fuel consunption of this application is reduced by the amount of
heat recovered. In order to calculate fuel cost savings, fuel price and conversion
efficiency of the application have to be considered.

0 Electricity costs: Additional heat exchanges in the system cause increased pressure
loss in the system. Additional pumping energy is needed to compensate for this.

o0 Cooling water costs: The amountf cooling water needed is reduced by the
implementation of heat recovery. Depending on national legislation regarding the
use of surface or groundwater in Member States, this may also lead to reduced
COsts.

Fixed operational costsnostly consist of the labour cost needed for maintenance of the
application.Astdy conducted by -ahdsUmwett fgrs&Emengi k
sets the averagemaintenance cost at 2% of the investment costs. Additionally, potential
production downtimes of the process during maintenance should be considered.

As the heat recoveed from a process is used in another csite application (and therefore
not sold to a third party), nadevenueis generated. However, amortisation of such projects
is achieved by reduced fuel consumption (cf. section aariable operational cost}.

Data sources for indicative cost values

The totalinvestment costs are related to the amount of recovered heat quantities and were
derived from a publicly availablebestcased at abase ( BMK, 2 &vd ) of
programme of the Austrian Ministry for ClimatAction (BMK).

I nformati on on maintenance cost i s taken fro
Energeund Umwel t forschung Hei del bergdé for the (
(Blomer et al., 2019).

2.2.4 Calculation of CQ savings

The greenhous gas savings can be calculated with the following equation:

"000YS GYOCY B Q@ 0 5

GHGSAV Greenhouse gas savingg [CQ/a]
TFES Total final energy saving [kWh/a]

sharescBaseline  Share of final energy carrier on final energy consumption before tr
implementation of the action [dmnl]

feHe Emission factor ofthe final energy carrier [[CQ/kWh]

Thetotal final energy savinggTFES of the action can be taken from the savingsalculation
for Article?7.

Because the energy consumption of the respective process must be measured anyway, the
energy carrier distribution is implicithdetermined as well. For this reason, no indicative
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calculation values for theshares of energy carriers are provided here. Furthermore, the
diversity of industrial processes does not allow fa narrowing down to specific energy
carriers for the determination of emission factors. The full table containing all emission
factors is available inchapter1.3.
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2.3 Heat recovery for feedn to a district heating grid

Aheat consuming industrial process (e.durnace) is retrofitted with a heat reovery system
(e.g.heat exchange}. The recovered heat is fed into a district heating network, allowing
more additional final customers to be supplied with district heating.

Baseline Action
Processl Processl

process input processoutput

process input process output

heat input heat input

excess heat

recovered h -
ecovered heat final

customers

) Hectricity input
final customers

Figure5: Schematic illustration offeedHin of excess heat to a district heating grid

According to the Energy Statistics Directif&uropean Commission, 2019)the production

of district heat is regarded as part ofthe energy transformation sector and does not
generate any final energy savings. Final energy savings can only be achieved atusaa
level in case of lower conversion losses in their specific heating system as a result of
switching to district heating.If additional district heating connections are triggered by
feeding recovered heat into the district heating network, ihcan therefore lead to final
energy savings.

When assessing additional district heating connections, it should be noted that thereais
risk of double counting of energy savings due to several possible incentive providers
(district heating network operator, district heating supplier, excess heat supplier, etc.). In
order to prevent double counting of energy saving actions between sevenatentive
providers, a legal framework for the allocation or sharing of energy savings is needed.

This evaluation method is limited twecovered excess heatAdditional combustion plants
producing district heating cannot be assessed with this method.
2.3.1 Calaulation of final energy savings (Article 7)

The final energy savings can be calculated with the following equation:
"Y'OO™) Op "Ob 0] P P op Q Op Q
Q"QQ Q"QQ

TFES Total final energy savinggkWh/a]

Qen Excess heat fed into the district heating grid [kWh/a]

HLlboHe Heat losses in the district heating grid [dmnl]

effsaseline Conversion efficiency ofhe reference heating systems [dmnl]
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effaction Conversion efficiency ofthe district heat consuming heating system:
[dmnl]

fei Factor to calculate extrinsic incentives [dmnl]

fBEH Factor to calculate rebound effec [dmnl]

Indicative calculation values for this methodology have beerepared in the following
table. Please keep in mind that these values are based on lile data and will need to
be adjusted to national circumstances.

Table7: Indicative calculation values for Article 7 of heat recovery for fe@udto a district
heating grid

HLoHc ‘ [dmnl]

Heat losses in the district heating grid 0.106
effsaseline ‘ [dmnl]
Efficiency of the eference heating system| 0.734
effaction ‘ [dmnl]
Efficiency of dstrict heating 0.827
fei \ [dmnl]
no otherincentive in force 0
Lifetime of savings ‘ [a]
Heat recovery in industry 10
feen ‘ [dmnl]
Rebound effects 0.20

Methodological aspects

When evaluating the final energgavings of heat recovery fofeed-in to a district heating

grid, it is important to note that the final energy savings do not occur directly when the heat

is fed into the district heating network, but at the final consumeside (households,
services, agriculture and industry) of the districheating network The formula for
evaluating final energy savings consists of three components:

1. The amount of heat that arrives at the final customer side from the recovered and fed
in heat quantity. For this purpose, the losses in the heatistribution network are
deducted from the amount of heat fedn.

n

The actual saving is calculated by the difference of the conversion efficiencies of the

district heating connection to the reference heating systems. For example, gas or oil

boilers consumemore fuel than the heat transfer station to provide the same amount

of useful heat (space heating, hot water). However, heat pumps as reference heating
systems would have a lower final energy consumption than district heating connections.

Depending on the heating system distribution, in terms of technologies and
manufacture dates, in the respective district heating supply area, both positive and
negative final energy savings can result.
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3. The factor of extrinsic incentives is used to subtract those installatis that were
implemented through other incentives (e.g. district heat pipeline expansion, subsidy
programs on district heat connections) or would have been installed in any event.

Data sources for indicative calculation values:

The excess heat fed into tle district heating grid (O=+) has to be determined by the
implementer of the heat recoveryAs energy savings actions are connected to a certain
lifetime in which they will deliver savings, this value should reflect an average annual
recovered heat quantiy to be fed into the district heating grid within the envisaged lifetime

of savings.

The heat losses in the district heating grid-{Lond for the EU27 were derived from the
complete energy balancegEurostat, 2021a). In the energy balances, district heatgy
corresponds to the standard i
the heat losses, the distribution losses must be divided by the sum of the final energy
consumption and the distribution losses. Since the recovered heat quantgiare collected
precisely, it would also be feasible to collect data on heat losses by the action implementer

for the specific heat distribution network.

nt erdTotobtann a |

For theconversion efficiencies of reference heating systemsf(z:scine), the use of seasonal
efficiencies is preferable. If these are not available, the efficiencies at nominal load can be
used as an approximation. The (seasonal) efficiencies are to be weighted over the energy
consumption of the technologies used, before the implementation of the actioim the
district heating supply area. For the EWide indicative values, the following procedure was

applied:

o The conversion efficiencies of space heating are taken from the latest year of the
tables RES _hh_eff and SER_hh_eff of the Integrat@htabase of the European
Energy System of the Joint Research Cen{dfantzos, 2018)

Table8: Ratio of energy service to energy consumption [KWRWh]

Heating system Residential Services

Solids 0.519 0.561
Liquified petroleum gas (LPG) 0.672 0.675
Gas/Diesel oil incl. biofuels (GDO) 0.685 0.681
Gas heat pumps 1.100
Gases incl. biogas 0.707 0.773
Biomass and wastes 0.564 0.738
Geothermal energy 0.851 0.825
Derived heat 0.831 0.818
Advanced electricheating 2.392 2.039
Conventional electric heating 0.815 0.785
Electricity in circulation 1.000 1.000

0 The conversion efficiencies per energy carrier were weighted by the final
consumption of both sectors which were extracted from the tables RES_hh_fec and
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SER_hh_fec of the Integrated Database of the European Energy System of the Joint
Research Cente(Mantzos, 2018).

Table9: Final energy consumption [ktoe] of the heating systems

Heating system Residential ‘ Services

Solids 7,411.2 1,024.8
Liquified petroleum gas (LPG) 977.6 163.4
Gas/Diesel oil incl. biofuels (GDO) 24,029.0 12,359.5
Gas heat pumps 266.2
Gases incl. biogas 69,635.1 33,151.7
Biomass and wastes 35,394.6 2,771.8
Geothermal energy 99.9 233.3
Derived heat 17,756.1 7,938.5
Advanced electric heating 2,344 .4 3,232.8
Conventional electric heating 8,648.7 8,075.1
Electricity in circulation 2,553.4 728.5

This data is based on EU averages of heating systems installed. As technologies used in
space heating in Member States may vary substantialipore precise information on the
shares ofreference heating ystems in the respective district heating supply area should
be usedpreferably.

Theconversion efficiency of district heat consuming heating systems(..:ior) is based on

the technical conversion efficiency fordderived heat of the tables RES_hh_eff and
SER_hh_eff Integrated Database of the European Energy System of the Joint Research
Center(Mantzos, 2018)

Thefactor to calculate extrinsic incentivesf{) can only be determined for a specific action
or for a given setting of policy instruments. For example, if a voluntary agreement for
industrial companies is combined with a support scheme for district heatingrid
expansion, then the savings between the twpolicy instruments could be credited in
proportion to their respective contribution.

Additionally, the formula foresees dactor for rebound effects(fz=+), as rebound effects
occur where increased efficiency of a product or service lowers the cost of samption
and, as a result, more consumption of this product or service occurs (Maxwell et al., 2011).
The research on rebound effects for the endise types heating and cooling in a residential
setting suggests a value between 10 and 30% (Sorrell et al., Maxwell et al., 2011,
Buchanan et al., 2014). The indicative value taken up in the table above here, therefore
amounts to 20%. It is recommended to use this indicative value in case of savings
estimationstriggered by additional connections to the digtt heating grid

Thelifetime of savingscorresponds to the Indicative energy savings lifetimes of wadteat
recovery of industry according to Appendix VIl of the Commission Recommendation (EU)
2019/1658 of 25 September 2019 on transposing the energysavings obligations under

the Energy Efficiency DirectivEuropean Commission, 2019)
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2.3.2 Calculation of impact on energy consumption (Article 3)

The calculation of final energy savings for Article 3 can be taken from chapBB.1 on
calculation of final energy savings (Article 7).

Due to the nature of the mehodology presented, it cannot be used for Article 3 @xte
assessments. In order to prepare estimations on the amount of savings which can be
achieved in the area of heat recovery, national waste heat potentials monitored under
Article 14 and Annex VIIIED or monitored savings of heat recovery projects from earlier
years (e.g. from previous periods of EED reporting or databases of subsidy schemes) could
be used.

The use of district heating generation as the basis for determining final energy savings
requires a modifiedcalculation formula for the evaluation of theeffect on primary energy
consumptioncompared tochapter 1.1.1:

00060 op OO 09,

EPEC Effect on primary energy consumptiofkWh/a]

Qen Excess heat fed into the district heating grid [kWh/a]
HlboHe Heat losses in the district heating grid [dmnl]

fre Primary energy factoof the reference heating systenjdmnl]

Indicative calculation values for this methodology have been prepared in the following
table. Please keep in mind that these values are based on &lile data and will need to
be adjusted to national circumstances:

Table10: Indicative calculaton values for Article 3 of heat recovery for feed to a
district heating grid

fre [dmnl]

Primary energy factoof the reference heating system 1.456
HLloHe [dmnl]
Heat losses in the district heating grid 0.106

Methodological aspects

In order to comply with Article 7, energy saving actions are normally implemented at the
end userlevel and in addition to final energy savings, also have an impact on primary
energy. In the context of this method, the effectroprimary energyconsumption namely
the reduction of energy input for district heating production, is used as a trigger for final
energy savings (installation of additional district heating connections).

Without this energy saving action, the excess heat would be released into #émyironment.
By feeding this excess heat into the grid, the fuel inpof the reference heating systems
can be compensated Therefore when assessing primary energy savings, the amount of
heat recovered and fed into the district heating network is multiplil by the primary energy
factors of the energy carriershat would have beerused for heat productioninstead of the
recovered heat
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Data sources for indicative calculation values

Theprimary energy factor of the reference heating syste(i»e) results from the weighted
primary energy factors of the energy carriers which would have been used without
connecting to the district heating grid.

Q NCARINC D /e Y
Q6
fre Primary energy factoof the reference heating systenjdmnl]
shareec Share of energycarriers of the reference heating systenidmnl]
frE.ec Primary energy factor othe energy carrier [dmnl]

The excess heat fed into the district heating gridCEH) has to be determined by the
implementer of the heat recoveryAs energy savings actions are connected to a certain
lifetime in which they will deliver savings, this value should reflect the annual reeced
heat quantity to be fed into the district heating grid within the envisaged lifetime of savings.

The heat losses in the district heating gridH{Lo-d for the EU27 were derived from the

complete energy balancegEurostat, 2021a). In the energy balancesdistrict heating
corresponds to the standard i nt erdTotohtann a l er
the heat losses, the distribution losses must be divided by the sum of the final energy
consumption and the distribution losses. Since the recovetdeat quantities are collected

precisely, it would also be feasible to collect data on heat losses by the action implementer

for the specific heat distribution network

Theprimary energy factas of energy carries (fr=.¢) are determined via the energy carrier
related conversionlossesand transport losses with the help of theomplete energy
balances(Eurostat, 2021a).

0 "0'00 "Y'O "YU ‘O""Y 00Y"YO
"000
frE.ec Primary energy factor of energy carrier [dmnl]
GIC Gross inland consumption [TJ]
TI Transformation inputd energy use [TJ]
TO Transformation outputd energy use [TJ]
ES Energy secto® energy use [TJ]
NEU Final consumptiond non-energy use [TJ]
SD Statistical differences [TJ]
FEC Finalconsumptiond energy use [TJ]

Theshares of energy carrieof the reference heating systen{share:c) for the EU27 were
derived from the complete energy balancedurostat, 2021a).
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Tablel11: Primaryfactors for energy carrier related to theeference heating system

. share frE, cE
Energy carrier
[dmnl] [dmnl]

Anthracite 0.09% 1.002
Other bituminous coal 2.15% 1.002
Lignite 0.19% 1.002
Coke oven coke 0.07% 1.002
Patent fuel 0.03% 1.002
Browncoal briquettes 0.13% 1.002
Peat 0.05% 1.000
Peat products 0.02% 1.000
Natural gas 31.98% 1.007
Liquefied petroleum gases 2.18% 1.119
Motor gasoline 0.18% 1.119
Kerosenetype jet fuel (excluding biofuel portion) 0.18% 1.119
Other kerosene 0.31% 1.119
Gas oil and diesel oil (excluding biofuel portion) 12.08% 1.119
Fuel oil 0.05% 1.119
Petroleum coke 0.01% 1.119
Geothermal 0.15% 1.001
Solar thermal 0.61% 1.001
Ambient heat (heat pumps) 2.90% 1.001
Primary solid biofuels 11.79% 1.001
Charcoal 0.10% 1.001
Blended biogasoline 0.00% 1.001
Pure biodiesels 0.01% 1.001
Blended biodiesels 0.12% 1.001
Other liquid biofuels 0.01% 1.001
Biogases 0.51% 1.032
Industrial waste (norrenewable) 0.04% 1.001
Renewable municipal waste 0.05% 1.000
Nonrenewable municipal waste 0.01% 1.000
Electricity 33.99% 2.281
Reference heating system 100.00% 1.456
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2.3.3 Overview of costs related to the action
Overview of relevant cost components

Costs for the implementer of the action

Costs associated with the implementation of an industrial waste heat recovery system
include investment and operational expenditures.

Investment expenditurescover all costs for materials, components, engineering and
installation work. Components that need to bpurchased and installed at least include

o0 heat exchanger(s)

0 pipelines

0 circulating pumps

o measuring and control technology

Depending on the type and dimension of the process as well as the heat transfer medium
(steam or hot water), the list of components mabe extended widely.

Next to costs of components and materials, investment costs include labour costs initiated
by project design, installation work, commissioning of the facility and training of employees.
Costs caused by the interruption of the proces§roduction downtimes) due to heat
recovery installation work must be taken into account. Businesses may combine the
retrofitting of the facility with scheduled revisions tbmit costs.

Operational expendituresnclude fixed costs for periodic maintenance and repair works of

the heat recovery system, in terms of labour and materials. Maintenance costs depend on
the installed technology which may result in increased labour and material costs or even
occasional davntimes of the facility. Variable operational expenditures include mostly

electricity costs for the circulation of the heat transfer medium (electricity consumed by
pumps and control units) and minor utilities.

The installation of a heat exchanger normalicauses an additional pressure loss, which in
the end results in increased power consumption.

- GA N°890147 60



D2.2 Guidance orsavingscalculation methodologies, including indicate values

Table12: Indicative costs (excl. VAT)r feedin to a district heating gridfor the

[euro2008-2021]
Total investment costs

implementing party

‘ Investment costs

0.10860 . 56 0O redovetedHeat

Design and Engineering wor]
(labour costs)

Hourly labour costdrom chapter1.2.1 (labour costs
in engineering)

Installation work (labour costs)

Hourly labour costdrom chapter1.2.1 (labour costs
in industry)

Training of personnel
Costs)

(labou

Hourly labour costdrom chapter1.2.1 (labour costs
in industry)

Production downimes
[euro2021/a] ‘

Costs of reduced fuel input

Not available
Variable operational costs

No reduction of fuel input

Electricity costs

Energy pricedrom chapter1.2.1 (electricity for non
household consumers)

Cooling water costs
[euro2021/a] ‘

Maintenance (labour costs)

No data available
Fixed operational costs

2 % of equipment installed costs

Production downtimes
[euro2021/a] ‘

] |

Lifetime

No data available
Revenues

No data available
Lifetime

10

Costs for the final customer

Investment expenditurescover all costs for materials, components, engineering and

installation work. Components that need to be purchased and installed at least include:

o0 heating device (boiler, heat pumpdistrict heating substation)

hot water storage
chimney modernisation

Qx Ox ox ox Ox o

installation of components

connection to grid (gas, district heat)
fittings and pumping systems
fuel tank (oil, wood pellets)heat storages (firewood)

o0 deep drilling (ground probe heat pump)

Operational expendituresinclude fixed costs for periodic maintenare of the heating

system Maintenance costs depend on the installed technology which may result in
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increased labour and material costs. Variable operational expenditures incluttee fuel
costs of the reference heating systems and the district heating tariff

Table13: Indicative costs (excl. VAT) fdlistrict heat connections and reference heating

systems
[euro2020] \ Investment costs
SFHexistingstock SFH newly built
District heat 14,731 14,731
Gas condensing boiler 9,223 8,607
Oil condensing boiler 14,615 12,993
Firewood boiler 15,286 no data
Wood pellet boiler 16,655 15,899
Heat pump- air 15,785 12,372
Heat pump- ground probe 25,426 20,002
[euro2020/a] \ Variable operational costs
Costsof e ulnpur | TP fom crapter 21 (e prices

[euro2020/a] Fixed operational costs:

Maintenance
District heat 1.15%
Gas condensing boiler 1.15%
Oil condensing boiler 212 %
Firewood boiler 2.55%
Wood pellet boiler 2.62 %
Heat pump- air 2.35%
Heat pump- ground probe 2.25%

[euro2021] \ Revenues

El | Lifetime
Lifetime 10

Methodological aspects

Costs for the mplementer of the action

Information on costs of heat recovery in industry is scarce, as such applications are highly
individual and usually sold as an overall service consisting of technical planning, legal
submissions, purchase of equipment and installation and calibration ofdtheat recovery
system. Such service contracts are private law agreements and not publicly available.

The data retrieved forinvestment costswas publ i shed by o0kl i maak
benchmarking programme for (inter alia) industry sectors funded by tAeistrian Ministry

for Climate Action (BMK). The databasm®ntains approximately 10Cheat recoveryprojects

which were implemented between 2008 and 2021. The lower and upper quantiles of the

listed projects were used to calculate theaboverange and to extude outliers.Investment

costs were examined pesector; however, no significant differences could be identified. As
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no data on the installed power of the listed heat recovery systems is available, investment
costs are related to the quantity of recovereteat.

In order to estimatelabour costs chapter 1.2.1 offers data for the EU Member States. No
information on thenumber of working hours was found.

Due to the impkmentation of heat recoveryyariable operational costsof the existing
application will change as follows:

o0 Costs of fuel input: In contrary to the methodologies for eite use of waste heat
recovery, no fuel reduction is triggered by feeding excess h@ab a district heating
grid.

0 Electricity costs: Additional heat exchanges in the system cause increased pressure
loss in the system. Additional pumping energy is needed to compensate for this.

o0 Cooling water costs: The amount cooling water needed is regd by the
implementation of heat recovery. Depending on national legislation regarding the
use of surface or groundwater in Member States, this may also lead to reduced
COsts.

Fixed operational costsnostly consist of the labour cost needed for maintenance of the
application. A study co-nduc tUendvebby fd@Irscthiutngt
sets the averagemaintenance cost at 2% of the investment costs. Additionally, potential
production dowvntimes of the process during maintenance should be considered.

Revenuesof recovered heat being fed into a district heating grié@sult from reimbursement
(feedHn tariffs) provided by the district heating grid operator. AbBese feedin tariffs are
private law agreements no data on reimbursement costs could be found.

Costs for the final customer

While this methodology is implemented at the premise of industrial enterprises, final
energy savings are achieved at the final customer side. Therefore, from palicy
perspective, the costs arising at final customer side will also be relevant.

Cost data was retrieved from an annual study comparing costs of heating systems
(0Hei zkostenvergleichod) cond(AEA 2080)Resultsbfh e  Aus
the study are published only as a full cost analysis, however, Austrian Energy Agency
provided more detailed data as input for thistreamSAVEeport. Most recent data from

the year 2020 was usedfor the values featured inTable13.

Investment costs are only available for single family houses (SFH). Expenses for
components included are mentioned above. Values for thexisting building stocck are
averages for nomretrofitted and retrofitted buildings.

Fixed operational costsonsist of the labour and equipment cost needed for maintenance

of the heating systemo Hei zkostenvergleiché offersbr infor
each componentof the heating system. The values presented ihiable 13 are weighted

averages based on the investment costs.

Thevariable operational costsare determined by the fuel pice. EU values for fuel prices
are provided inchapter1.2.1. However, it should be kept in mind that the rationale behind
this methodologyis a decreased price of district heating due to recovered heat being fed
into the grid. Therefore, this information can be used to determine the necessary district
heating tariff reduction in order to be more cost effective than the reference heating
system.
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Data sources for indicative cost values

Costs for the implementer of the action

The totalinvestment costs are related to the amount of recovered heat quantities and were
derived from a publicly availablebestcased at abase ( BMK, 2 &kiva ) of
programme of the Austrian Ministry for Climate Action (BMK).

I nformation on maintenance cost iIs taken fro
Energpund Umwel t f orschung Hei del bergo for the (
(Bléomer et al., 219).

Costs for the final customer

All information was retrieved from a study comparingosts of heating systems
(0Hei zkostenvergleichdé) condAEAI2020) by t he Aus

2.3.4 Calculation of CQ savings

The use of district heating generation as the data basis for determining final energy savings
requires a modifiedcalculation formula for the evaluation of GHGsavings compared to
chapter 1.3:

"000Y0 @ OJp 'O 20 mn

GHGSAV Greenhouse gas savingf CQ/a]

Qen Excess heat fed into the district heating grid [kWh/a]
HloHe Heat losses in the district heating grid [dmnl]
feHe Emission factor ofthe reference heating systenjg CQ/kWh]

The excess heat fed into the district heating grid can be taken from the savings calculation
for Article7.

Indicative calculation values for the estimation of greenhouse gas savings have been
prepared in the following table. Please keep in mind th#htis value isbased on ElWvide
data and will need to be adjusted to national circumstances:

Table14: Indicative calculation valuedor the GHG savings of district heating

‘ Emission factor of the reference heating system ‘ 158.6 \

Methodological aspects

This method evaluates thechanges to CQ emissions in district heating by feeding in
recovered waste heats opposed to the mix of energy carriers used in district heating in
case the action would not have been implementedit is therefore assumed that
conventional heating systems would be used or continue be operated without the feed

in of waste heat. For C®emissions, a weighted average is therefore calculated for the
energy carriers used byinal customers
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Q "B Q 20 i

feHe Emission factor ofthe reference heating systenmig CQ/kWh]

shareec Baseline Share of final energy carrier on final energy consumption before tl
implementation of the action [dmnl]

foHgec Emission factor ofthe final energy carrier [(CQ/kWh]

Data sources for indicativecalculation values

The excess heat fed into the district heating gridCt+) has to be determined by the
implementer of the heat recoveryAs energy savings actions are connected to a certain
lifetime in which they will deliver savings, this value shouldflect the annual recovered
heat quantity to be fed into the district heating grid within the envisaged lifetime of savings.

Theheat losses in the district heating gridH{Long) for the EU27 is similar to those of the

calculation of final energy savings anavere derived from the complete energy balances

(Eurostat, 2021) In the energy balances, district heating corresponds to the standard
international energy P. rTo dbtaint the cheah Possesf thec at i or
distribution losses must be divided by the sum of the final energy consumption and the
distribution losses. Since the recovered heat quantities are collected precisely, it would

also be feasible to collect data on heat losses by the action implementer for the sge&ci

heat distribution network

The shares of final energy carries (shareec gaseing for the EU27 were derived from the
complete energy balancegEurostat, 2021a).

Theemission factos of final energy carries (fcd are taken from Annex VI of the Regulation
on the monitoring and reporting of greenhouse gas emissiorfEuropean Commission,
2018).

Theemission factors ofthe reference heating systentfcc zaseingd result from the weighted
emissionfactors of the energycarriers:
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Table15: Emission factors for energy carrierelated to thereference heating system

. share feHg, ec
Energy carrier
[dmni] [g CQ/kWh]

Anthracite 0.09% 353.9
Other bituminous coal 2.15% 340.6
Lignite 0.19% 363.6
Coke oven coke 0.07% 385.2
Patent fuel 0.03% 351.0
Brown coal briquettes 0.13% 385.2
Peat 0.05% 381.6
Peat products 0.02% 381.6
Liguefied petroleum gases 31.98% 202.0
Motor gasoline 2.18% 227.2
Kerosenetype jet fuel (excluding biofuegportion) 0.18% 249.5
Other kerosene 0.18% 258.8
Gas oil and diesel oil (excluding biofuel portion) 0.31% 258.8
Fuel olil 12.08% 266.8
Petroleum coke 0.05% 278.6
Geothermal 0.01% 351.0
Solar thermal 0.15% -
Ambient heat (heat pumps) 0.61% -
Primary solid biofuels 2.90% -
Charcoal 11.79% -
Blended biogasoline 0.10% -
Pure biodiesels 0.00% -
Blended biodiesels 0.01% -
Other liquid biofuels 0.12% -
Biogases 0.01% -
Industrial waste (norrenewable) 0.51% -
Renewable municipal waste 0.01% 514.8
Nonrenewable municipal waste 0.04% -
Electricity 0.03% 514.8
Reference heating system 100.00% 158,6

National valuesfor the emission factors are reported on a yearly basis to théiNFCC@nd

are available in Table 1.A(a) of the Common Reporting Formats (CRF). The shares of energy
carrierscanbeadpt ed t o nati onal l evel according to
the EUROSTAT database

- GA N°890147 66


https://unfccc.int/ghg-inventories-annex-i-parties/2020
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nrg_bal_c&lang=en

D2.2 Guidance orsavingscalculation methodologies, including indicate values

2.4 Bibliography for heat recovery in industry and district heating

AEA. (2020). Heizkostenvergleich 2020. ViennRetrieved 26 08, 2021, from
https://www.energyagency.at/aktuellespresse/news/detail-
archiv/artikel/heizkostenvergleich2020 -daskostet-heizenim-
einfamilienhaus.html?no_cache=1

Blomer et al. (2019). EnEff:Warmenetzgebundene Nutzung industrieller Abwérme
(NENIA)Heidelberg.Retrieved 19 08, 221, from
https://www.ifeu.de/fileadmin/uploads/Schlussbericht EnEffW%C3%A4rrHSENIA.pdf

BMK (2021) Good Practice Beispiel® WarmertickgewinnungRetrieved from
https://www.klimaaktiv.at/energiesparen/energieeffiziente betriebe/good practice/gp
abwaermenutzung.html

Buchanan, K., Russo, R., Andawn, B. (2014).The question of energy reduction: The
problem(s) with feedbackEnergy Policy77, 89-96

European Commission. (2018). Commission Implementing Regulation (EU) 2018/2066
of 19 December 2018 on the monitoring and reporting of greenhouse gas emissions
pursuant to Directive 2003/87/EC of the European Parliament and of the Council and
amending Comnssion Regulation (EU) No 601. Retrieved frohttps://eur -
lex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A32018R2066

European Commission. (2019). Commission Recommendati(EU) 2019/1658 of 25
September 2019 on transposing the energy savings obligations under the Energy
Efficiency Directive. Brussels. Retrieved 05 28, 2021, frofttps://eur -
lex.europa.eu/eli/reco/2019/1658

European Commission. (2019). Commission Regulation (EU) 2019/2146 of 26
November 2019 amending Regulation (EC) No 1099/2008 of the European Parliament
and of the Council on energy statistics. Retrieved fronttps://eur {ex.europa.eu/legat
content/EN/ALL/?uri=CELEX:32019R2146

Eurostat. (2021a). Complete energy balares [NRG_BAL_C___custom_999352].
Retrieved 05 27, 2021, from
https://ec.europa.eu/eurostat/databrowser/view/nrg_bal c/default/table?lang=de

Eurostat. (2021b). DatasetCooling and heating degree days by countdyannual data
[NRG_CHDD_A__custom_1048241Retieved 06 10, 2021 from
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nrg_chdd_a&lang=en

Mantzos, L. M. (2018). The JRC Integrated Database of the Eurap&anergy System.
(JRC112474). (E. Commission, Ed.) Retrieved from
https://publications.jrc.ec.europa.eu/repository/handle/JRC112474

Maxwell, D., Owen, P., McAndrely,. Muehnel, K., Neubauer, A. (2011)Addressing the
Rebound Effect, a report for the European Commission DG Environment. Retrieved from:
https://ec.europa.eu/environment/eussd/pdf /rebound_effect_report.pdf

Sorrell, S., Dimitropoulos, J., Sommerville, M. (2008mpirical estimates of the direct
rebound effect. A reviewEnergy Policy, 37135661371

67 GA N°890147 “


https://www.energyagency.at/aktuelles-presse/news/detail-archiv/artikel/heizkostenvergleich-2020-das-kostet-heizen-im-einfamilienhaus.html?no_cache=1
https://www.energyagency.at/aktuelles-presse/news/detail-archiv/artikel/heizkostenvergleich-2020-das-kostet-heizen-im-einfamilienhaus.html?no_cache=1
https://www.energyagency.at/aktuelles-presse/news/detail-archiv/artikel/heizkostenvergleich-2020-das-kostet-heizen-im-einfamilienhaus.html?no_cache=1
https://www.ifeu.de/fileadmin/uploads/Schlussbericht_EnEffW%C3%A4rme-NENIA.pdf
https://www.klimaaktiv.at/energiesparen/energieeffiziente_betriebe/good_practice/gp_abwaermenutzung.html
https://www.klimaaktiv.at/energiesparen/energieeffiziente_betriebe/good_practice/gp_abwaermenutzung.html
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32018R2066
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32018R2066
https://eur-lex.europa.eu/eli/reco/2019/1658
https://eur-lex.europa.eu/eli/reco/2019/1658
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32019R2146
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32019R2146
https://ec.europa.eu/eurostat/databrowser/view/nrg_bal_c/default/table?lang=de
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nrg_chdd_a&lang=en
https://publications.jrc.ec.europa.eu/repository/handle/JRC112474
https://ec.europa.eu/environment/eussd/pdf/rebound_effect_report.pdf

D2.2 Guidance onsavingscalculation methodologies, including indicate values

Chapter 3  Savings calculation for building automation
and control systems

BACS omBuilding Automation and Control Systesncomprise all products, software and
engineering services for automatic controls (including interlocks), monitorirggtimization

for operation, human intervention and management to achieve energjficient,
economicd and safe operation of building servic.
imply that the system/device is restricted to control functions. Processing of data and
information is possible (CEN, 2017 Crucial in the operation of BACS is the correatsign,
installation, commissioning maintenance and use of themA survey conducted among
streamSAVE stakeholders during autumn 2020 indicated a high priority towards BACS,
implying the need exists to estimate energy savings for heating, cooling, domestat
water, ventilation and lighting across residential and namsidential sectors. However, as
BACS covers a wide range of product types, mapping the BACS already installed in the
building stock will be rather challenging. In addition, it is not easy teauate the energy
consumption of buildings in terms of energy consumption per ende type. In order to
correctly estimate the energy savings, consistent and reliable data must dletained, and
baselines must be clearly defined.

Methods to assess the impct of BACS on the energy performance of buildings, have been
developed in EN 15232 (CEN, 2017). Additionally, the standadkfines 4 BAC energy
efficiency classes, ranging from A, the most performant, to D, the least energy efficient. A
brief insight intothe specifications of each of these categories, is presented kigure6.

Class Energy efficiency |
A Corresponds to high energy performance BACS and TBM

+ Networked room automation with automatic demand control

+ Scheduled maintenance

+« Energy monitoring

+ Sustainable energy optimization

B Corresponds to advanced BACS and some specific TBM functions

+« Networked room automation without automatic demand control
* Energy monitoring

C Corresponds to standard BACS

+ Networked building automation of primary plants
+ No electronic room automation,

thermostatic valves for radiators
« No energy monitoring

D Corresponds to non-energy efficient BACS. Buildings with such systems shall be
retrofitted. New buildings shall not be equipped with such systems

*  Without networked building automation functions
* No electronic room automation
+« No energy monitoring

Note: TBM = Technical Building Management
Figure6: BAC Energy Efficiency ClassesEN 15232

Additionally, EN 15232 assignsll processing functions to one of these classes for both
residential and nonresidential buildings.Figure7 shows an example for automatic heating

control, more specifically, the function emission control of thermal energy. Several
processing functions are |isted, sucholas 06no
with communicationd and subsequently assigne
residential buildings.
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Definition of classes

Residential Non residential

D|C‘B|A D‘C|B‘A

AUTOMATIC CONTROL
1 HEATING CONTROL

1.1 Emission control

The control function iz applied to the heat emitter (radiators, underfloor heating, fan-col unit, indoor uni) at
room level, for type 1 one function can conirol several rooms

No automatic contral

Central automatic control

Individual room control
Individual room control with communication a a

Individual room control with communic ation and occupancy
detection (not applied to slow reacting heating emission
systems, e.g. floor heating)

| M = (D

a Incase of slow reacting heat (and cool) emission systems, e g. floor heating, wall heating, etc. functions
1.1.3 (and 3.1.3) are allccated to BAC class A

Figure7.Ex ampl e of requirements of the processin
energy® i n meigyfclassesent BAC e

streamSAVE has developed a methodology to calculate the effect on final energy
consumption of buildings, that occurs from installing or upgrading BACS. However, in
addition to energy savings and the related carbon savings, the use of BACS® gksnerates
benefits beyond energy efficiency. Examples are maintenance and fault prediction,
increased comfort, convenience and wellbeing and health, as well as information provision
to occupants of the buildings (Verbeke et al., 2020).

3.1 Building Automation and Control Systems in residential and
non+esidential buildings

The methodology described herein can be used for calculating the impact of installing or
upgrading BACS on the energy demand of a building. Determining the impact of an upgrade
is possibe by using the energy efficiency classes from E$232, where 4 classes are
defined, ranging from the least efficient (D) to the most efficient (A).

Further, EN 15232 defines over 40 BAC functions that have an impact on the energy
performance of buildings covering different sources of heating and cooling, and different
types of ventilation and air conditioning systems. Calculating the impact of BACS on the
energy demand can either be done in a detailed way, i.e. per BAC function, or by making
use of the nore generalized BAC factor. The calculation methodology described below, is
based on the BAC factor method and can be used for calculating savings in residential and
non-residential buildings, for five types of endse (heating, cooling, domestic hot water
ventilation and lighting) and for the three European climate regions.
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3.1.1 Calculationof final energy savings(Article 7)

The final energy savings can be calcutd with the following equation:

"Y'O0Y "0086 f 006 f JQ 'Q
"0006 0006 5 20

006 . . . .
000 j w——93000 j i 30
000
TFES Total final energy savings for endse type x[kWh/a]

FEGefore,x Final energy consumption for endse x, before implementation of the
action [kWh/a]

FEGiter,x Final energy consumption for endse x after implementation of the actior
[KWh/a]

fBEH Factor to calculate a rebound effect [dmnl]

cfx Regional or climate factor for endise type x [dmnl]

FEGoorbeforex  Specific  final energy consumption for endse type x, before
implementation of the action, per unit floor area [kWh/m?3/a]

A Total floor area of building [m?]

BAGiterx BAC energy fficiency factorafter BACS upgrade for endse type x [%],
based on EN15232

BAGefore,x BAC energy efficiency factdyefore BACS upgrade for endse type x [%0],
based on EN15232

Indicative calculation values for this methodology have been prepared in the following
tables. Please keep in mind that these values are based on Hlitle data and will need to

be adjusted to national circumstances. Concerning the average BAC factor (before
upgrade), the Ecodesign study (Van Tichelen et al., 2020) presents indicative values for
the distribution of BAC factors in the base year per end use, per climate region for the EU.
The average factors per end use and building type in the different clireatgions are taken
over below.It is important to note that the baseline is possibly impacted after 2025, when
the new provisions for article 14 and 15 of the recast EPBD take effechore information

on this aspect is taken up in the methodological seci below. Next to the average
baseline for the BAC factorsthe reference or baseline consumption before upgrade
(FEGefore) Needs to be established as well. Making use of the IDEES database (JRC, 2018),
indicative values at Edevel have been developed ficthe average FEC of the building stock,
per enduse and building types and for the three European climate regions.
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Table16: Estimated average stock of BAC factors for 2020 by emde and building ype,
for each climate regiond BAGefore,x

North Region Offices Wloiesalct Education R Hotels | Restaurants Other
Retail Healthcare
Space heating 1.010 | 1.004 | 1.195 1.139 1.128 1.000 1.000 | 1.000 1.109
Hot water 1.109 | 1.109 | 1.019 1.092 1.030 0.992 0.992 [ 0.992 1.030
Cooling 1.173 | 1.163 | 1.082 1.003 0.805 0.617 0.617 | 0.617 1.200
Ventilation 1.091 | 1.084 | 1.138 1.071 0.966 1.000 1.000 | 1.000 1.154
Lighting 1.079 | 1.079 | 0.989 | 0.991 0.991 1.000 1.000 | 1.000 1.000
Space heating pumps 1.008 | 1.006 | 1.121 1.103 1.072 1.038 1.038 | 1.038 1.073
Hot water pumps 1.109 | 1.109 | 1.018 1.092 1.029 0.991 0.991 [ 0.991 1.029

. . Wholesale/ . Hospitals/
West Region Education H Restaurants | Other

Retail Healthcare

Space heating

Hot water 1.109 | 1.109 | 1.019 | 1.092 1.030 0.992 0.992 | 0.992 1.030
Cooling 1.173 | 1.163 | 1.082 | 1.003 0.805 0.617 0.617 | 0.617 1.200
Ventilation 1.082 | 1.074 | 1.135 | 1.064 0.966 0.978 0.978 | 0.978 1.154
Lighting 1.079 | 1.079 | 0.989 | 0.991 0.991 1.000 1.000 | 1.000 1.000
Space heating pumps 0.999 | 0.997 | 1.118 | 1.097 1.072 1.030 1.030 | 1.030 1.073
Hot water pumps 1.109 | 1.109 | 1.018 | 1.092 1.029 0.991 0.991 | 0.991 1.029

South Region Offices Wholesalel Education Hospitals/ Restaurants | Other
Retail Healthcare
Space heating 1.028 | 1.022 | 1.341 | 1.139 1.128 1.063 1.063 | 1.063 1.109
Hot water 1.109 | 1.109 | 1.036 | 1.092 1.030 1.019 1.019 | 1.019 1.030
Cooling 1.173 | 1.163 | 1.205 | 1.003 0.816 0.656 0.656 | 0.656 1.200
Ventilation 1.101 | 1.092 | 1.273 | 1.071 0.972 1.063 1.063 | 1.063 1.154
Lighting 1.079 | 1.079 | 0.989 | 0.991 0.991 1.000 1.000 | 1.000 1.000
Space heating pumps 1.016 | 1.014 | 1.182 | 1.103 1.072 1.067 1.067 | 1.067 1.073
Hot water pumps 1.109 | 1.109 | 1.035 1.092 1.029 1.018 1.018 | 1.018 1.029

Note: European (climate) regions: North (Czech Republic, Denmark, Estonia, Finland, Latvia, Lithuania, Poland, Slovakia,
Sweden), West (Austria, Belgium, France, Germany, Ireland, Luxemburg, Netherlands) and South (Bulgaria, Croatia,
Cyprus, Greece, Hungaryaly, Malta, Portugal, Romania, Slovenia, Spain).

Abbreviations:SFH: Single Family House, MFH: Multi Family House
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Table17: Other indicative values for final energy consumption of baseline, European
climate region, lifetime and behsioural effectsof BACS

FEGefore.x ‘ [kwWh/m2 useful floor area/a] ‘
Residential Space heating 131.9
Space cooling 6.2
Water heating 27.5
Lighting 3.1
Ventilation Minor, about 0.5% of total FEC (*)
Non-Residential Space heating 130.2
(services) Space cooling 15.1
Water heating 22.1
Lighting 20.3
Ventilation 15.7
cfx ‘ North West South ‘
Residential Space heating 1.21 1 0.71
Space cooling 0.64 1 1.95
Water heating 1.19 1 0.97
Lighting 0.95 1 0.92
Ventilation
NonResidential Space heating 1.19 1 0.65
(services) Space cooling 0.74 1 1.45
Water heating 0.96 1 0.98
Lighting 1.05 1 1.08
Ventilation 1.10 1 1.18
Lifetime of savings
Lifetime of savings*
feen
Residential Space heating&
cooling

Note: European (climate) regions: North (Czech Republic, Denmark, Estonia, Finland, Latvia, Lithuania, Poland, Slovakia,
Sweden), West (Austria, Belgium, France, Germany, Ireland, Luxemburg, Netherlands) and South (Bulgaria, Croatia,
Cyprus, Greece, Hungaryaly, Malta, Portugal, Romania, Slovenia, Spain).

Source: (JRC, 2018), except (*) based on (Van Tichelen et al., 2020)
Methodological aspects

The methodology is based on the BAC factor method as stipulated in EN15232, allowing
to estimate the consumption atnational/regional level, without the need to collect the

details for each BAC function at the building level. Hence, it can be applied to calculate
savings on the national/regional scale; however, if details on the BAC factors and final
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energy consumptiorper enduse type are available at the building level, the methodology
can also be applied for a specific building

The savings formula takes into account the difference between the final energy
consumption before and after the upgrade in BACS class. Tieemula also foresees the
possibility to use factors to calculate rebound effects and to reflect the climate region.

Thefinal energy consumption beforé-EGerore xis calculated by multiplying thdinal energy
consumption for the considered endise, befae implementation of the action, per unit
floor area, with the total floor area of buildingsSeveral data sources exist to calculate
FEGerore,x It is either possible to work on the basis of building specific FEC per end use,
based on theEnergy Performace Certificate EPG score. This would be the case where
detailed information per building is available. In case such information is not available for
the individual building(s), it is also possible to work on the basis of regional or national
averages. h that case, data from EPC scores per climate region can be used to calculate
the average energy consumption of the building stock per end use and building type.
However, the applicability of EPCO6s to estin
their quality to reflect actual energy consumption. Multiple sources indicate that EPCs tend
to overestimate energy consumption of a building, as the first objective of EPCs is energy
labelling (Amirkhani et al., 2021). Instead of EPC, information from thetimaal or regional
energy statistics per end use and building type can be used to calculate the average energy
consumption of the building stock. The indicative values developed for k& in Table

17, follow the latter method and are based on the IDEES database (JRC, 2018), which
draws from the Eurostat data, Odyssee database, Building Stock Observatory and many
other sources as explainedelow. The indicative values for the baseline consumption can
be adjusted for external conditions by means ofr@gional or climatefactor cfy, and reflects

the average difference of final energy consumption of Northern and Southern countries in
comparisa to Member States in the West.

The final energy consumption after the BACS improvemeRt=Gierx is calculated by
multiplying the specific energy demand for atypeefnd use in the 60l do
(FEGoor,before) by the total floor area A andhe ratio of the new BAC factor to the old BAC

factor. As the BAC factors are reported in the BN232 for each BACS class, it is only
necessary to know the specific final energy consumption for the type of emgk before the
improvement in BAC efficiency class and the total floor area of the building. This formula

can be used for each endise, as BAG factors are available for heating, cooling, domestic

hot water, ventilation and lighting or on the more general level of thermal and electrical
energy.

Additionally, the formula foresees dactor for rebound effectsfzc+ as rebound effects
occur where increased efficiency of a product or service lowers the cost of consumption
and, as a result, more consumption of this product or service occurs (Maxwell et al., 2011).
The literature on rebound effects does not treat BACS as such but focuses on the-asel
types.Although this seems to go against the nature of BACS, which are designed to enable
optimal energy use of the building systeniiterature on rebound effects for the enelise
types heating and cooling in a residential setting suggests a value betweth and 30%
(Sorrell et al., 2009; Maxwell et al., 2011; Buchanan et al., 2014). The indicative value
taken up in the table above here, therefore amounts ®0%, reflectinga rebound effect or
decreased impact on energy savings of 20. It is recommended taise this indicative value

in case of savings estimations for the upgrade of BACS of the argks heating and cooling

in residential buildings.Overall, it is important that BACS angroperlydesigned, installed,
commissioned and maintained.
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With respectto the baseline, it will be necessary to map thdistribution of BACS classes in
the building stockBAGerore x The Ecodesign preparatory study (Van Tichelen et al., 2020)
has developed indicative values on the Eldvel, which have been taken um Table16. An
important side note in this respect consists of the expected impact from the recast energy
performance in buildings directive (EPBD) on the baseline of BACS. New provisions in
Articles 14 and 15 lay out mandatory requirements for the installation and retrofit of BACS
in nonresidential buildings (existing and new) with effective rated output of over 290 kW.
By 2025 these buildings must have BACS installedhich comply with the requirements
As a first order estimate, the BACS capabilities éft. 14 and 15 could correspond to
classB as defined in EN 15232, which has possible ramifications for the baseline as it
would imply that only savings that exceed those requirements, could teunted in frame

of Article 7 of the EED. Of course, this is also dependent on the national context.

Data sources for indicative calculation values

BAC factors per BACS claswe stipulated inthe standard EN 15232 (CEN, 2017. BAC
factors, which are the result breference calculations on the level of building types, exist
on an aggregated level of endse (thermal energy or electrical energy) and on a more
detailed level of enduse, for heating, cooling, domestic hot water, ventilation and lighting.
They are preoided for both residential building types, consisting of Single Family Homes
(SFH), Multi Family Homes (MFH), and nmesidential building types, comprising offices,
wholesale and retail, education, hospitals and healthcare, hotels, restaurants and other.
The BAC factors for aggregated and detailed types of emgk are included in sectior3.3.
The following assumptions were made:

0 For enduse typecooling detailed BAC factors §fc,g are only provided for the non
residential building types.However,for the enduse type heating, detailed BAC
factors (kac for the residential sector have been defined. Hence the excel
calculation tool uses the detailed values for cooling for neesidential building
types, and the detailed factors for heating #icH for the residential sector.

Addi tionally, no values have been provi
buil di Pmdho& parn dal gedidential sectord-ormducation buildings, the
factors for cooling from the bugdddforng t yr
the hospitals, the BAC factors for aggregated thermal energy in hospitals have been

used (kac.i.

0 For enduse type lighting, detailed BAC factors are only provided for the non
residential building types. Hence the excel calculation tool uses the detailed values
for lighting for nonresidential building types, and the aggregated factors for
electricity (fsac,e) for the residential sector.

0 For enduse type ventilation, detailed BAC factors are provided for the nen
residential building types (under Oauxil:i
uses the detailed values for auxiliary for noeresidential building types, and the
aggregated factors for electricity ghc,e) for the residential sector.

ol n EN 15232, BAC factors are provided for
as the Ecodesign study (Van Tichelen et al., 2020Wwhere theindicative values for
BAGefore xwere taken from- does not have this category, the values for lecture halls
have not been included in the excel calculation tool.

The estimated, average stocBAGefore x Of BAC factors for 2020 by endise and building
type, for each climate region have been developed by the Ecodesign preparatory study (Van
Tichelen et al., 2020).
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The FEGerore xOf the final energy consumption for endse, before implementation of the
action, per unit floor area [kWh/m?/a] is based onlie IDEES database (JRC, 2018). In the

Integrated Database of the European Energy Sector, JRC brings together all statistical

information related to the energy sector, and complements this with processed data that
further decomposes energy consumption. Theomplete output of JREDEES is accessible
to the general public and is revised periodically (Mantzos et al., 2017).

75

0 Thetotal Final Energy Consumptionorresponds to the Eurostat energy balances
for 2000-2015 of each Member State. This FEC is divided inénduse consumption

based on several studies and databases, such as: survey on Energy Consumption
in Households, EU Building Observatory, BPIE, TABULA, ENTRANZE, EPISCOPE on

buildings characteristics, preparatory studies of the eeatesign for energy usig
products, ODYSSEMURE database, JRC studies and reports.

0 Theuseful floorareac or r esponds to the total fl oor

stocks. The useful floor area is the floor area that is heated during most of the winter
months. Rooms that ae unoccupied and/or unheated during the heating season,
unheated garages or other unheated areas in the basement and/or the attic are
not considered. It is different from the gross floor area which includes common
areas in multifamily buildings (e.g. comlbrs), attics, basements or verandas

(Building Stock Observatory, 2021). For cooling, only the buildings having space

cooling are considered, and not the total building stock, @&on averaged 10% of
the EU27 residential stock is cooled and 40% of the ER7 non-esidential stock
(JRC, 2018). Same applies to ventilation in the neasidential sector.The indicative
values should be used with caution, given the uncertainty on the average-EU
floor area per enduse; and therefore, national specific data ae preferred, if
available.

o To normalize foyearly (e.g. weather) fluctuationghe indicative values for heating,
cooling, hot water and ventilation are based on values averaged for the period
2005-2015. The values for lighting are averaged for a smat period 2010-2015,
given the strong efficiency improvements for lighting during the previous decade.

The indicative values can badjusted for external conditiongy means of the regional
or climate factor. The three regions in ERY, as also used in (Va Tichelen et al., 2020),
comprise the following countries North (Czech Republic, Denmark, Estonia, Finland,

Latvia, Lithuania, Poland, Slovakia, Sweden), West (Austria, Belgium, France, Germany,

Ireland, Luxemburg, Netherlands) and SoutkiBulgaria, Croatia, Cyprus, Greece,
Hungary, Italy, Malta, Portugal, Romania, Slovenia, Spaifhe climate factor cfy is
determined from the JREADEES databasgereflecting the average deviation of final
energy consumptiorFEGefore x in all Northern andSouthern countries in canparison to
the Member States in the West, between 2002015 (heating, cooling, water,
ventilation) or 20102015 (lighting).

O Rebound effectshappen where increased efficiency of a product or service lowers
the cost of consumption a&ad, as a result, more consumption of this product or
service will occur (Maxwell et al., 2011)he literature on rebound effects does not
treat BACS as such but focuses on the eatse types. Space heating seems to be
the most researched enelise type, andSorrell et al. (2009) in their review found

that the savings from energy efficiency measures in heating may actually be lower

than what engineering models predict. This can partly be explained by #uecalled
temperature takeback, or the change in meannternal temperatures following the
energy efficiency improvement, in which both the physical characteristics of the

house and behavioural changes play a role. For example, for space heating a range
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between 10% and 30% (Maxwell et al., 2011; Buchanan et g2014) is put forward,
while another review mentions a mean value of 20% (Sorrell et al., 2009) (direct
rebound effect) for space heating and a range of-46% for household cooling. On
the contrary, not many sources dealt with behavioural effects on thackuse type
lighting, which is why we recommend using the suggested factor only for the end
use types heating and cooling.

3.1.2 Calculation of impact on energy consumption (Article 3)

The calculation of final energy savings for Article 3 can be taken fr@.1 on calculation
of final energy savings (Article 7).

The effect on primary energy consumptioran be calculated with the following equation:

00 006008y o d W10 oi 0dB @y O00Pno@®: (Big®no & s

EPEC Effect on primary energy consumption [kWh/a]
FEC Annual final energy consumption [kWh/a]
shareec  Share of finalenergy carrier on final energy consumption [dmnl]
fPE.ec Final to pimary energyconversionfactor of the used energy carriedmnl]
Baseline  Index for the baseline situation of the action
Action Index for the situation after themplementation of the action

ec Index of energy carrier

Indicative calculation values for theshares of energy carriers for different endse types
have been prepared in the following table. Please keep in mind that these values are based
on EUwide data and will need to be adjusted to national circumstances:

Table18: Shares of energy carriers per endse type in BACS

Share:c space heatin [dmnl]

Residential Solids 5%
LPG 1%
Gas/Diesel oil incl. biofuels (GDO) 17%
Natural gas, incl. biogas 37%
Biomass and wastes 21%
Geothermal energy 0%
District heat 12%
Electricity 7%
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Share.c space cooling

NonResidential Solids

(services) LPG 0%
Gas/Diesel oil incl. biofuels (GDO) 21%
Gases incl. biogas 46%
Biomass and wastes 2%
Geothermal energy 0%
District heat 13%
Electricity 15%

[dmnl]

Share:c ventilation
Residential

Electricity

Gas heat pumps 0,9%
Electric space cooling 99,1%
Sharex: hot water [dmnl]
Residential Solids 4%
Liguified petroleum gas (LPG) 6%
Gas/Diesel oil incl.biofuels (GDO) 13%
Gases incl. biogas 36%
Biomass and wastes 13%
Geothermal energy 0%
District heat 9%
Electricity 17%
Solar 3%
NonResidential Solids 0%
(services) Liquified petroleum gas (LPG) 3%
Gas/Diesel oil incl. Biofuels (GDO) 18%
Gases incl. Biogas 34%
Biomass and wastes 1%
District heat 9%
Electricity 34%
Solar 1%

[dmnl]
100%

Nonresidential

Electricity

100%

Sharex lighting [dmnl]
Residential Electricity 100%
Nonresidential Electricity 100%

EU27 average dlues for the conversion factors from final to primary energy of tlaove
mentioned energy carriers are listed in chaptet.1.1 of this report.
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3.1.3 Overview of costs related to the action
Overview of relevant cost components

Main components of a BACS system consist of sensors, controllers, output devices, the
communicdion protocol and the dashboard for data reporting and interaction with the
BACS system. Nevertheless, it is crucial to distinguish the role of the hardware and the
software within the boundaries of the BACS system. Obviously, the number of BACS
functions defines the actual investment cost for the installation of the BACS systems, as
different equipment has to be installed.Typical costs components associated with the
installation of BACS products are (Van Tichelen et al., 2020):

o Components and hardware cds

Software costs

Design costs

Engineering, installation and commissioning costs
Service and repair costs

Q. x x Ox ox

End of life costs.

The investment cost for the installation of the BACS systems is considered as the most
significant category of cost. The investmemost includes both the purchase of the main
components of the BACS system (product related costs) and the labour cost, which is
required for the installation of the equipment and the training of the personnel.

Similar to the proposed method for the calculation of the delivered energy savings, the

costs are determined per unit floor aredasis, so it becomes possible to scale these up for

the proportion of the building (stock) which is addressed by installed BA@roducts.

Indicative values are presented in the following table, both for the investment and the

mai ntenance & repair costs. These 1 n@T)cati v«
cover class C and class A BACS for the building types (single fammagne, multifamily

home, retail outlet or office) and are differentiated for an existing building or a new building

(Van Tichelen et al., 2020). Hardwired solutions were generally assumed for installations

in new buildings and wireless solutions for retfitting to existing buildings (Van Tichelen et

al., 2020).

Table19: Indicative costs (excl. VAT) of BACS as function of thilding type and BACS
class Aand C. The lower bound represents renovation of existing buildings; uppeuibd
of new buildings

Upgrade to BACS class C SFH MFH Offices L
Retail norHesidential

Product cost [02020/ mj 1.5-3.0 1.5-3.0 9.0 7.0 NA

I nvest ment costs, incl |2856 2.85.6 21.2 16.5 NA
Maintenance & repair [% per year] 3% 3% 3% 3% 3%
Product cost [(02020/ mj |477.1 4.3-7.0 13.3-14.7 12.0-13.2 NA

Il nvest ment costs, incl |11.1-16.8 10.1-16.5 31.2-34.6 28.2-31.1 30 (6-60)
Maintenance & repair [% per year] 3% 3% 3% 3% 3%
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Methodological aspects

Considering the investment costs for BACS upgrades, significant variations are found
depending upon the building type and climate zone (Verbeke et al., 2020), which is
reflected in the aboveTable19. It can also be noticed that the costs of installation are on
average a factor of 1.4 higher than the BACS produdsts. The labour or installation costs
are reflected in the difference between the investment costs and prodt costs. It should

be noted that the labour cost can be adjusted for each country separately by taking into
account the deviation of the mean labour expenditures from EU averages. The products
costs are assumed to be constant across the EU. Another casimponent of the BACS
system is the variable maintenance and repair costs. The maintenance costs are expressed
as a yearly percentage in relation to the required investment costs. Estimatthgse types

of costsof BACS is very challenging due to their exinely diverse nature (Van Tichelen et
al., 2020).

Except for other norresidential buildings, all indicative values for costs are based on the

recent Ecodesign preparatory study (Van Tichelen et al., 2020). For the buildings in other
non+esidential secors, a limited number of cost information could be collected, and

t herefore a ran goeoro fa r6eZdf asgpomed Qimere therlower end of

these cost rangess broadly in alignment with the costs for upgrading an existing BACS to

a Class BACS. The upper end reflects the inclusion of other rRBN15232 functionalities

in the project cost, such as plant controls, meters, digital services, ef¢an Tichelen et al.,

2020) . Based on (Waide, 2013) a roughtorest i me
an upgrade to class A of this building type.

The above costs may overestimate the true costs associated with a significant increase in
BACS deployment because they assume no economies of scale whereas in readity
significant proportion of BACS costs are related to labour including marketing and sales
support, both of which may well scale down on a per unit deployment basis if BACS
deployment is significantly accelerated (Waide, 2019).

Data sources for indicatie cost values

An extensive bibliographical review was conducted in order to identify unitary estimates
both for the investment and the variable maintenance cost of the BACS systems, such as
(Waide, 2013; Waide, 2019; Verbeke et al., 2020). A high variatiai unitary costs could

be identified for the investment costs, which can be explained by different parameters such
as the climate regions, the functionality levels, the energy performance classes, the
differences in baseline, etc. Neverthelesshe analyds of the collected data confirmed that
the unitary cost estimates for the case of the neresidential buildings are considerably
higher than the respective estimates for buildings in the residential sector.

It was decided to base the above, indicativealues for investments and maintenance costs

on the Ecodesign preparatory study of BACS (Van Tichelen et al., 2020), as this recent study
took previous assessments, such as (Waide, 2013; Verbeke et al., 2020) into account next
to survey results. As said, fothe buildings in other norAesidential sectors, a limited
number of cost information could be collected, and therefore a broader range was
assumed based on (Waide, 2013) and (Van Tichelen et al., 2020).
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3.1.4 Calculation of CQ savings

The greenhouse gasavings can be calculged with the following equation:

0008 & "00§gi 00t BB aB o1 dBens O00ns & ¢ | 1R a0 Wore P T
Qd Q0

GHGSAV  Greenhouse gas savingft CQ/a]

FEC Annual final energy consumption [kWh/a]

share Share of final energy carrier on final energy consumption [dmnl]
feHe Emission factor of final energy carrieg[CQ/kWh]

Baseline Index for the baselinesituation of the action

Action Index for the situation after implementation of the action

ec Index of energy carrier

The final energy consumption (FEC) of the baseline and the action can be taken from the
savings calculation for Articl& in chapter3.1.1.

Indicative calculation values for the estimation of greenhouse gas savings have been
prepared in the following table. Please keep in mind that thesalues are based on EU
wide data and will need to be adjusted to national circumstances:

Table20: Shares of energy carriers per endse type in BACS

Residential Solids 5%
LPG 1%
Gas/Diesel oil incl. biofuels (GDO) 17%
Natural gas, incl. biogas 37%
Biomass and wastes 21%
Geothermal energy 0%
District heat 12%
Electricity 7%
NonResidential Solids 2%
(services) LPG 0%
Gas/Diesel oil incl. biofuels (GDO) 21%
Gases incl. biogas 46%
Biomass and wastes 2%
Geothermal energy 0%
District heat 13%
Electricity 15%
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Share:c space cooling

[dmnl]

Gas heat pumps 0,9%
Electric space cooling 99,1%
Sharexc hot water [dmnl]
Residential Solids 4%
Liguified petroleum gas (LPG) 6%
Gas/Diesel oil incl. biofuels (GDO) 13%
Gases incl. biogas 36%
Biomass and wastes 13%
Geothermal energy 0%
District heat 9%
Electricity 17%
Solar 3%
NonResidential Solids 0%
(services) Liguified petroleum gas (LPG) 3%
Gas/Diesel oil incl. Biofuels (GDO) 18%
Gases incl. Biogas 34%
Biomass and wastes 1%
District heat 9%
Electricity 34%
Solar 1%
Residential Electricity 100%
Nonresidential Electricity 100%
Residential Electricity 100%
Norwesidential Electricity 100%

Values for the emission factors of theabovementioned energy carriers are listed in

chapter 1.3 of this report.

Data sources for indicative calculation values

Theshares of energy carriers per endse type and sectoare based on the IDEES database
(JRC, 2018). In the Integrated Databas# the European Energy Sector, JRC brings together
all statistical information related to the energy sector and complements this with processed
data that further decomposes energy consumption.

0 The total Final Energy Consumption per energy carrier corres@s to the Eurostat
energy balances for 20002015 of each Member State. This FEC is divided into end
use consumption based on several studies and databases, such as: EU Building
Observatory, BPIE, TABULA, ENTRANZE, EPISCOPE on buildings characteristics,
ODYSSEBMURE database, JRC studies and reports.
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0 To normalize for yearly fluctuations, the indicative shares per energy carrier for
heating, cooling and hot water are based on values averaged for the period 2605
2015.

0 The shares of energy carriers beforena after the implementation of the BACS
upgrade are assumed to be the same.

The shares of energy carriers per eagse type and sector can be adapted to national level
based on thelDEES resultsfor a specific Member State (JRC, 2018).

The emission factorsfor energy carriersare taken from Annex VI of the Regulation on the
monitoring and reporting of greenhouse gas emissions (2018/2066/EUNational values
for the emission factors are reported on a yearly basis to tidiNFCC@nd are available in
Table 1.A(a) of the Common Reporting Formats (CRF).
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3.3 BAC Efficiency Factors

In this section, you can find the BC efficiency factors, taken frorthe standardEN 15232
(CEN 2017).

3.3.1 Aggregated level

Factors for thermal energy(fsac,t) 8 Nonresidential

BACS efficiency factors thermal [,
D Cc B A
Ad d
Mon energy Standard mv:’;: High energy
efficient efer
e (r ence) efficiency performance
Offices 1.51 1 0.80 a.ro
Lecture halls 1.24 1 0.75 05"
Educational buildings (schools) 1.20 1 0.88 0.80
Hospitals 1.3 1 0.91 0.86
Hotels 1.31 1 0.85 068
Restaurants 1.23 1 077 068
Wholesale and retall buildings 1.56 1 073 06"
Other types:
+ Sport facilities
+ Slorage 1
+ Industrial facilities
*  glc.
2 The values are highly dependent on heating/cooling demand for ventilation

Source:CEN, 2017
Factors for thermal energy(fsact) 0 Residential

BACS efficiency factors thermal /5,
D c B A
Ad d
Mon energy Standard E::_:: High energy
efficient (referencea) efficiency performance

+ Single family dwellings
+  Multi family houses 110 1 088 081
« Apartment houses
+ Other residential or residential-ike buildings

Source:CEN, 2017
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Factors for electrical energy(feac.e) 8 Norvesidential

BACS efficiency factors electrical fu,.,
D C B A
Advanced
Mon energy Standard van High energy
efficient (reference) aff?cﬁiy performance
Offices 1.10 1 0.53 087
Lecture halls 1.06 1 0.94 0.89
Educational bulldings (schools) 1.07 1 083 0.86
Hospitals 1.05 1 0.98 0.96
Holels 1.07 1 0.95 0.90
Restaurants 1.04 1 0.96 092
Wholesale and retail bulldings 1.08 1 0.95 0.91
Other types:
+ Sport facilities
= Storage 1
+ Industrial facilities
glc.

Source:CEN, 2017
Factors for electrical energy(fsac,e) 0 Residential

BACS efficiency factors electrical fu. .,
D Cc B A
Advanced
Mon energy Standard van High energy
efficient (reference) ;;;;ng performance
+ Single family dwellings
+  Multi family houses 1.08 1 0.83 082
+ Apartment houses
+ Other residential or residentiakike buildings

Source:CEN, 2017
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3.3.2 Detalled level

Factors for heating(fsac,) 0 Nonresidential

Source:CEN, 2017
Factors for heating(fsac,) 0 Residential

Source:CEN, 2017
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