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I Introduction

The monitoring of energy efficiency targets be it on local, regional or national
level, requires assessing the impacts of energy efficiency policies and measures in
terms of energy savings and consequently their contribution to the energy
efficiency target. Possible impacts of such policies and measures can, on the one
hand, be assessed top down, i.e. by means of specific indicators such as energy
consumption in households for heating per m? On the other hand, so called
bottom-up methods can be used to assess the impact of single energy efficiency
measures. However, they allow evaluating single measures not only in terms of
energy savings but also in terms of their cost-effectiveness expressed as cost in
relation to energy saving impact (e.g. EUR/kWh). The energy savings obtained
through the implementation of a single energy efficiency measure can be
summed up to assess total energy savings in a specific area (e.g. heating).

The aim of the underlying report is to provide guidance on assessing the impacts
of energy efficiency measures bottom-up. It comprises a multitude of energy
efficiency measures for which bottom-up savings calculation methods, i.e. specific
calculation formulae have been developed. In order to apply these calculation
methods, country-specific calculation values, so called default values, have to be
defined (e.g. as baseline for calculating energy savings from the retrofit of
existing buildings, the average space heating demand of the building stock in a
given period in a particular country may be applied). However, one has to note
that savings calculated with bottom-up methods are foremost theoretical,
especially when default values instead of project specific values, i.e. values
specific to the building that has been retrofitted for the savings calculation are
used. Such calculated savings are called deemed savings as opposed to metered
savings where the savings from a particular measure 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 may affect
consumption”. Other forms of calculating the impact of energy efficiency
measures bottom-up are scaled savings and surveyed savings.

The majority of the formulae presented hereinafter have been developed by the
Austrian Energy Agency and the partners of the multEE project for the monitoring
of the implementation of Directive 2006/32/EC on Energy End-Use Efficiency and
Energy Services (ESD) and the Directive 2012/27/EU on Energy Efficiency (EED).
Some formulae were taken from the European Commission’s publication
“"Recommendations on Measurement and Verification Methods in the Framework

! Energy Efficiency Directive, Annex V, page 35.
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of Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services®”. In
addition, some bottom-up calculation formulae were newly developed by the
Austrian Energy Agency.

Hence, this document comprises bottom-up calculation formulae for measures
relating to the following areas:

Behavioural change and awareness raising
Building envelope and building components
Air-conditioning systems

Circulating Pumps

Cogeneration

District heating

Energy audits of technical processes

Heat pumps

Heating system improvement

Industrial motors

Introduction of energy management systems
Lighting

Mobility

Office equipment

Photovoltaic plants

Replacement of boilers

Smart district heating grids

Solar thermal panels

Stand-by Kkiller in households

Systems for heat recovery in buildings

White goods

The bottom-up calculation methods suggested in this document are to be
considered as guiding principles, not claiming to be the universal method to
calculate energy savings from single energy efficiency measures bottom-up.

2 https://www.energy-community.org/pls/portal/docs/906182.PDF, 30 June 2015
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IT Behavioural measures

Target sector: households

Behavioural measures and their savings calculation methods described hereunder
focus solely on the sector households and comprise the measures (1) Awareness
Raising, (2) Energy audits and (3) Smart Meters and informative billing.

Sector(s): specific target groups

A full implementation of the Energy Efficiency Directive requirements presupposes
that consumers will change behaviour and this will lead to persistent and long-
term energy-savings benefits.® According to Article 12 of the Energy Efficiency
Directive, Member States shall take appropriate measures to promote suitable
information and awareness-raising to inform citizens of the benefits of taking on
energy efficiency improvement measures.”

The method described hereunder applies to awareness raising and information
campaigns that spread information and messages on energy efficiency and
energy saving targeted to specific stakeholder groups. The objective of awareness
raising and information campaigns are to induce behaviour change by influencing
individual and organizational perceptions, preferences and abilities (e.g.:
consumer choice, building occupant behaviour, purchase or renovation
preferences of architects, owners, tenants, choice of transport mode, etc.). In
fact it is very difficult to verify possible savings through awareness raising and
information campaigns. The following method is an approximation.

* EEA Technical report (2013): Achieving energy efficiency through behaviour change: what does it take? No
5/2013, p. 8, Copenhagen.
* http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32012L0027&from=EN, Article 12,p.20
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II.I.I Awareness Raising campaigns

Campaigns may vary a lot from each other. They differ in content, target groups,
scale, media use, etc. Such campaigns may be information and motivation
campaigns; awareness raising programs or the provision of non-individualized
energy efficiency “tips” or counselling. Furthermore the message may be spread
via different channels (news, TV, brochures, etc.).

Awareness-raising and information campaigns should be supported by social
marketing. Social marketing seeks to develop and integrate marketing concepts
with other approaches to influence behaviours that benefit individuals and
communities for the greater social good. It seeks to integrate research, best
practice, theory, audience and partnership insight, to inform the delivery of
competition sensitive and segmented social change programs that are effective,
efficient, equitable and sustainable.’

In order to achieve any effects, it is imperative that the campaign is tailor-made
for the target group that should be reached. To address them, the most suitable
communication instruments should be used.

At this point it should be mentioned that the potential savings might be increased
when combined with so called enabling factors such as financial resources or new
skills for example and reinforcing factors such as feedback.® Nevertheless when it
comes to individual behaviour social interaction, lifestyles, norms and values as
well as technologies and policies should be kept in mind as they are all enabling
or constraining behavioural change as well.’

> International Social Marketing Association, European Social Marketing Association & Australian Association of
Social Marketing (2013). Consensus Definition of Social Marketing (4 October 2013).

® http://ec.europa.eu/energy/intelligent/projects/sites/iee-

projects/files/projects/documents/behave guidelines for behavioural change programmes_en.pdf

7 European Environment Agency (EEA): Achieving energy efficiency through behaviour change: what does it
take?, 2013 Copenhagen.
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The following formula is an approach to quantify potential savings through
awareness raising campaigns:

Bottom-up formula

TFES = FECr» 5,

FECrz = 0% FECperson

Definition

TFES Total Final Energy Savings [kWh/a]

FECs Final energy consumption of specific target group (either for
electricity or for electricity and heat) [kWh/a]

FECperson Final energy consumption of a person (either for electricity or for
electricity and heat) [kWh/a]

Sq Savings factor of the awareness raising campaign [%]

n Number of persons of a specific target group

Baseline

No awareness raising campaign has been launched.

Values:
Lifetime of the measure in years (default or project specific)

(Average) Final Energy Consumption of specific target group (either for electricity or for
electricity and heat) (default or project specific)

Final energy consumption of a person (either for electricity or for electricity and heat)
(default or project specific)

Savings factor of an awareness raising campaign (default or project specific)

Number of persons of a specific target group (project specific)
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I1.1.11 Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”,
behavioural measures or programmes, page 86%. A project specific value may be
used if results from empirical studies are available.

Average final energy consumption of specific target groups or a person:
the final energy consumption of the specific target group or a person for
electricity and heat can be calculated based on the national energy balance.
Alternatively, this information may also be sought from energy suppliers or
regulators, the national statistical office or from empirical studies.

Savings factor of information campaigns: If no empirical values are at hand
from recent studies or national surveys on the impacts of awareness raising
campaigns, findings from the following study may be considered:
http://ec.europa.eu/energy/intelligent/projects/sites/iee-
projects/files/projects/documents/behave guidelines for behavioural change pr
ogrammes_en.pdf, page 20. The maximum savings reported amount up to 1-2%.
This is an approximation which is quite high. It needs to be noted that the
savings achieved very much depend on the quality of the information campaign
and can therefore not be generalized.’

& Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
? http://ec.europa.eu/energy/intelligent/projects/sites/iee-
projects/files/projects/documents/behave guidelines for behavioural change programmes en.pdf, p. 20
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According to the Energy Efficiency Directive Article 8(3) ,Member States shall also
develop programmes to raise awareness among households about the benefits of
such audits through appropriate advice services."

Energy audits for households lead to awareness raising and may result in more
rational energy consumption behaviour patterns. In some cases, energy audits
may also induce investments in energy efficient technologies in households. In
this chapter, only the impacts of energy savings resulting from behavioural
change are analysed.

Energy audits for households may take different forms:

On-site audits in households: an energy auditor visiting the respective
household can directly identify energy saving potentials and discuss
possible interventions, be it behavioural or investment-driven with the
household.

On-site audits at information centres: provided at dedicated information
and advisory centres for individuals who seek information on how to
reduce their energy consumption, decrease energy cost etc. In contrast to
on-site audits in households, mostly information material is provided to
the individuals; an on-site inspection of the household does not take
place.

Telephone consulting: individuals seek information about specific issues
related to energy consumption and saving energy over the phone when
calling information centres, specific hotlines of regulators, energy
suppliers etc.

Internet-based consulting: specified internet masks developed by e.g.
energy suppliers or regulators allow to analyse a household’s energy
consumption patterns once specific information about the household’s
energy situation is provided (e.g. number and age of electrical appliances
in place, thermal quality of the building). Based on the information
provided, tailored advice on how to improve the household’s energy
efficiency can be generated through the internet mask.
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Energy savings resulting from energy audits for households may be assessed by
looking at the quality level of the energy audit. The quality level is determined as
follows'?:

Quality level 1: the final consumer receives personal advice either through
an energy auditor or through internet-based consulting (internet mask).
The consumer’s energy consuming patterns are analysed individually and
tailor-made suggestions for improving the energy efficiency of the
household are given. The audit takes no longer than 15 minutes.

Quality level 2: the final consumer receives personal advice through an
energy auditor. The consumers energy consuming patterns are analysed
individually and tailor-made suggestions for improving the energy
efficiency of the household are given. The audit takes no longer than 30
minutes.

Quality level 3: the final consumer receives advice through an energy
auditor either at an information centre or at home. In addition, an
individual energy concept for his/her household is developed (report). The
audit takes more than 60 minutes (e.g. thermography). The energy audit
has to be carried out by a qualified auditor who does not represent any
sort of specific technology or energy carrier.

The following formula applies to audits targeting either electricity consumption
only or heat and electricity consumption altogether.

Bottom-up formula

TFES = gy » FECyy S + Mgy * FECuy * Sgg +Mgg # FECppy » Sg

Definition

TFES Total Final Energy Savings [kWh/a]

Nq Number of energy audits at a specific quality level

FECun (Average) Final Energy Consumption of household(s) (either for
electricity or for electricity and heat) [kWh/a]

Sq1,2,3 Savings factor of an energy audit at a specific quality level [%]

Baseline

Household not having received an energy audit.

The quality levels were defined by the Austrian monitoring body for the specific case of Austria and may be
adapted by the partner countries.
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Values:
Lifetime of the measure in years (default or project specific)
Number of energy audits at a specific quality level (project specific)

(Average) Final Energy Consumption of household(s) (either for electricity or for
electricity and heat) (default or project specific)

Savings factor of an energy audit at a specific quality level (default or project specific)

I1.11.1 Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”,
behavioural measures or programmes, page 86''. A project specific value may be
used if results from empirical studies are available.

(Average) Final Energy Consumption of household(s): the final energy
consumption of households for electricity and heat can be calculated based on the
national energy balance. Alternatively, this information may be sought from
energy suppliers or regulators, the national statistical office or from empirical
studies. Also project specific values may be used if the household’s energy
consumption for electricity and heat is known.

Savings factor of an energy audit at a specific quality level: if no empirical
values are at hand from recent studies on the impacts of energy audits in
households, findings from different studies may be considered:

Achieving energy efficiency through behaviour change, page 43:
http://www.eea.europa.eu/publications/achieving-energy-efficiency-through-
behaviour.

A review of intervention studies aimed at household energy conservation,
chapter 3.3.3:
http://www.rug.nl/staff/e.m.steg/abrahamsestegvlekrothengatterreview.pdf.

The maximum savings reported in literature amount up to 20%. However, it
needs to be noted that the savings achieved very much depend on how the
intervention in the households was designed and they can therefore not be
generalized.

" bownload: https://www.energy-community.org/pls/portal/docs/906182.PDF
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The EU aims to replace at least 80% of electricity meters with smart meters by
2020 wherever it is cost-effective to do so. In EU Member States, many pilot
studies have been conducted in order to identify the energy savings potential of
smart meters. While the short-term effects have shown reductions in energy
consumption in households, the long-term effects of smart meters are still to be
examined. Smart meters have proven the most efficient when the installation of
the digital meter is combined with feedback systems (e.g. displays in the
households showing real-time consumption, billing at short intervals).

The formula below applies to smart meters installed for measuring the
consumption of electricity, gas or district heating in households. In order to
maximise the benefits of smart meters, the household shall receive real-time
feedback about its daily or monthly energy consumption e.g. through home
displays showing the actual consumption or short billing cycles.

Bottom-up formula

TFES = n » FECpy * Sspape

Definition

TFES Total Final Energy Savings [kWh/a]

n Number of smart meters installed in households

FECun (Average) Final Energy Consumption of household(s) (either for
electricity or for electricity and heat) [kWh/a]

Ssmart Savings factor resulting from the installation of a smart meter incl.
feedback mechanisms in households [%]

Baseline

Household not having received a smart meter with real-time feedback.

Values:
Lifetime of the measure in years (default or project specific)
Number of smart meters installed in households (project specific)

(Average) Final Energy Consumption for electricity and for electricity and heat
respectively of household(s) (default or project specific)

Savings factor resulting from the installation of a smart meter incl. feedback
mechanisms in households (default or project specific)
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II.III.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
86'2. A project specific value may be used if results from empirical studies are
available.

(Average) Final Energy Consumption of household(s) (either for
electricity or for electricity and heat): the final energy consumption of
households for electricity and heat can be calculated based on the national energy
balance. Alternatively, this information may be sought from energy suppliers or
regulators, the national statistical office or from empirical studies. Also project
specific values may be used if the household’s energy consumption for electricity
and heat is known.

Savings factor:

Data may be available from empirical (pilot) studies carried out in the
different EU Member States.

Results from the cost-benefit analyses of EU Member States on smart
meters: Commission Staff Working Document publishing savings factors
for the different EU Member States: Cost-benefit analyses & state of play
of smart metering deployment in the EU-27: http://eur-
lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:52014SC0189&from=EN

Report from the Commission (COM2014) 356 final: Benchmarking smart
metering deployment in the EU-27 with a focus on electricity: http://eur-
lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:52014DC0356&from=EN

2 bownload: https://www.energy-community.org/pls/portal/docs/906182.PDF
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I11 Building envelope and building
components

Target sectors: households (residential buildings), public and private services
(tertiary buildings)

Bottom-up methods for buildings comprise the introduction of building codes for
new residential and tertiary buildings and the thermal improvement of the
building envelope for (1) newly constructed residential buildings, (2) refurbished
residential buildings and (3) non-residential buildings (service buildings). In
addition, a method is provided for the thermal improvement of a single building
component.

It needs to be noted that measures related to improving the thermal quality of
building envelops not only reduce the heating demand but also the cooling
demand of the buildings.

The method introduction of building codes for new residential and tertiary
buildings provides for the evaluation of annual energy savings derived from the
introduction of new building codes with stricter requirements in relation to the
buildings space heating demand and from the implementation of measures that
promote buildings that go beyond existing building codes.*?

3 Recommendations on Measurement and Verification Methods in the Framework of Directive 2006/32/EC on
Energy End-Use Efficiency and Energy Services, page 66; Download: https://www.energy-
community.org/pls/portal/docs/906182.PDF, 30 June 2015
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Bottom-up formula'*

Option 1:

TFES = A » (SHDinicode * EFzes — SHDpewcots * EFesr)

Option 2:
TFES = 4 » (SHDEHDL'DI:E _ SHD?!E‘I'.'L'DI:E‘]
Ninicode Nnew

Definition

TFES: Total Final Energy Savings [kWh/a]

A Conditioned gross floor area of the newly constructed building [m?]

SHDinicode Specific Space Heating Demand of building constructed according to
the initial building code introduced after YYYY or of the building code
in force in YYYY [kWh/m?/a]

SHDpewcode Specific Space Heating Demand of building constructed according to
the new building code implemented in YYYY [kWh/m?/a]

EFRer Expenditure Factor of the heating system in the building constructed
according to the old building code

EFgs Expenditure Factor of the heating system in the building constructed
according to the new building code

N Annual use efficiency of the heating system in the building

micods constructed according to the old (inicode) building code
N Annual use efficiency of the heating system in the building
e constructed according to the new (newcode) building code
Baseline®®

Specific space heating demand of the initial building code in place in year YYYY or
introduced after YYYY. In case, no building code was in place in YYYY, the baseline is the
average space heating demand of buildings constructed in YYYY.

In case where measures promote buildings that go beyond the building code, the yearly
final energy savings are calculated based on the difference in the ratio between specific
space heating demand and energy efficiency of the heating systems between the initial
building code in place or introduced after YYYY and the ratio in the buildings promoted.

If the building code also imposes efficiency requirements for heating systems, these
should be included too.

The specific space heating demand values should be corrected with the relevant heating
degree days.

" Ibidem, page 67.
 Ibidem, page 66.
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Values:
Lifetime of the measure in years (default or project specific)
Conditioned gross floor area (default or project specific)

Specific Space Heating Demand of building constructed according to the initial building
code (default)

Specific Space Heating Demand of building constructed according to the new building
code (default)

Expenditure Factor of the heating system in the building constructed according to the
old building code (default or project specific)

Expenditure Factor of the heating system in the building constructed according to the
new building code (default or project specific)

Annual use efficiency of the heating system in the building constructed according to the
old building code (default or project specific)

Annual use efficiency of the heating system in the building constructed according to the
new building code (default or project specific)

I1I.1I.1 Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related to buildings and heating systems, a model building needs to be
defined, specifying the conditioned floor area of different building types, an
average space heating demand per building type (reference and energy efficient
building), an average hot water demand per building unit and the efficiency of the
heating system based on assumptions made related to the heating structure of
the country.

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
85-86'° for the lifetime of measures relating to the building shell incl. windows
and heating systems, if considered in the national building code. Alternatively, the
lifetime may be determined based on national empirical values.

Conditioned gross floor area: values for determining the conditioned gross
floor area are to be defined in the model building. The average gross floor area
may be calculated based on national statistics or may be available from analyses
of energy certificates, buildings databases etc.

'® Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Specific Space Heating Demand of building (old and new building code):
For the reference building, the specific space heating demand for different
building types (single- and multi-family houses, apartment blocks, non-residential
buildings) can be applied as stipulated in the initial building code.

For the energy efficient building, the specific space heating demand for different
building types (single- and multi-family houses, apartment blocks, non-residential
buildings) can be applied as stipulated in the new building code.

Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

The efficiency of the heating system shall be determined in the model building for
the reference and/or efficient heating system. EU Member States may have set
default values for the efficiency of the heating system when implementing the
Energy Performance Building Directive and consequently the energy performance
certificate.

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.
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Newly constructed buildings are considered energy efficient if they meet a higher
efficiency standard than stipulated in the national building code of new
constructions.

The following formula applies to single- and multi-family homes as well as to big
housing blocks.

Bottom-up formula

Option 1:
TFES = A = (SHDpo; — SHDzf7 ) = EFggy

Option 2:
TFES = A » (SHDa.r — SHDzpp ) »——
Neff

Definition

TFES: Total Final Energy Savings [kWh/a]

A Conditioned gross floor area of the newly constructed building [m?]

SHDges Specific Space Heating Demand of the reference building
[kWh/m?/a]

SHDgs Specific Space Heating Demand of the energy efficient building
[kWh/m?/a]

EFgq Expenditure Factor of the heating system in the newly constructed
building

NEf Annual use efficiency of the heating system in the newly constructed
building

Baseline

Maximum space heating demand allowed as stipulated in the national building code
[kWh/m?%/al.

The space heating demand values should be corrected with the relevant heating degree
days.
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Values:
Lifetime of the measure in years (default or project specific)

Conditioned gross floor area of the newly constructed building (default or project
specific)

Specific Space Heating Demand of the reference building (default or project specific)

Specific Space Heating Demand of the energy efficient building (default or project
specific)

Expenditure Factor of the efficient heating system in the newly constructed building
(default or project specific)

Annual use efficiency of the heating system in the newly constructed building (default or
project specific)

ITI.II.I Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related to buildings and heating systems, a model building needs to be
defined, specifying an average value of the conditioned floor area per building
type, an average space heating demand per building type (reference and energy
efficient building), an average hot water demand per building unit and the
efficiency of the heating system based on assumptions made related to the
heating structure of the country.

However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
85'7. Alternatively, the lifetime may be determined based on national empirical
values.

Conditioned gross floor area of the newly constructed residential
building: values for determining the conditioned gross floor area are to be
defined in the model building. The average gross floor area may be calculated
based on national statistics on newly constructed residential buildings or may be
available from analyses of energy certificates, buildings databases etc.

Y Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Specific Space Heating Demand (reference and energy efficient building):
values for determining the specific space heating demand are to be defined in the
model building.

For newly constructed buildings, the average specific space heating demand of
the reference building may be taken from the national building code.

The average specific space heating demand of the energy efficient building may
be determined by considering more ambitious regulations on the heating demand
of new buildings for example as set in subsidy guidelines.

Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

The efficiency of the heating system shall be determined in the model building for
the reference and/or efficient heating system. EU Member States may have set
default values for the efficiency of the heating system when implementing the
Energy Performance Building Directive and consequently the energy performance
certificate.

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.
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This method provides for evaluating the energy savings of measures related to
the thermal refurbishment of existing residential buildings. It should be noted
that the method does not provide for the replacement of the existing heating
system.

The following formula applies to single- and multi-family homes as well as to big
housing blocks.

Bottom-up formula

Option 1:
TFES = A ((SHDge; + HWD) = EFggr — (SHDz77 + HWD) = EE, )

Option 2:
TFES = A » (SHDEEI+HI.IFD _ SHDELF+HI.L'D]
NREF Teff
Definition
TFES: Total Final Energy Savings [kWh/a]
A Conditioned gross floor area of the refurbished building [m?]
SHDges Specific Space Heating Demand of the reference building
[kWh/m?/a]
SHDgg Specific Space Heating Demand of the energy efficient building
[kWh/m?/a]
HWD Specific Domestic Hot Water Demand [kWh/m?/a]
EErer Expenditure Factor of the heating system in the reference building
EFgs Expenditure Factor of the heating system in the efficient building
NRef Annual use efficiency of the heating system in the reference building
NEff Annual use efficiency of the heating system in the efficient building
Baseline

Area-related space heating demand prior to the thermal refurbishment of the building
[kWh/m?/a].

The space heating demand values should be corrected with the relevant heating degree
days.
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Values:

Lifetime of the measure in years (default or project specific)

Conditioned gross floor area of the refurbished building (default or project specific)
Specific Space Heating Demand of the reference building (default or project specific)

Specific Space Heating Demand of the energy efficient building (default or project
specific)

Specific Domestic Hot Water Demand (default or project specific)

Expenditure Factor of the heating system in the reference building (default or project
specific)
Expenditure Factor of the heating system in the efficient building (default or project
specific)
Annual use efficiency of the heating system in the reference building (default or project
specific)

Annual use efficiency of the heating system in the efficient building (default or project
specific)

ITI.ITI.I Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related to buildings and heating systems, a model building needs to be
defined, specifying an average value of the conditioned floor area per building
type, an average space heating demand per building type (reference and energy
efficient building), an average hot water demand per building unit and the
efficiency of the heating system based on assumptions made related to the
heating structure of the country.

However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
85'%. Alternatively, the lifetime may be determined based on national empirical
values.

Conditioned gross floor area of the refurbished building: values for
determining the conditioned gross floor area are to be defined in the model
building. The average gross floor area may be calculated based on national

8 Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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statistics on buildings for buildings in stock or may be available from analyses of
energy certificates, buildings databases etc.

Specific Space Heating Demand (reference and energy efficient building):
values for determining the specific space heating demand are to be defined in the
model building.

The average specific space heating demand of the reference building may be
calculated based on national statistics such as energy balance, useful energy
balance and statistics on buildings.

Alternatively, average values for a specific space heating demand for different
building types — whether they are thermally refurbished or not - may be available
from national empirical studies, analyses of energy certificates, buildings
databases etc. For selected European countries (mostly EU Member States),
reference can also be made to the EU-funded projects TABULA and EPISCOPE
(http://episcope.eu/welcome/) where national building typologies representing
the residential building stock have been developed.

For thermally refurbished buildings, the space heating demand may also be
determined by subsidy guidelines, specifying a certain thermal quality to be
reached when applying for subsidies for thermal refurbishment.

Specific Domestic Hot Water Demand (average value): values for
determining the area-related domestic hot water demand are to be defined in the
model building. It is calculated based on the building's gross floor area and the
efficiency of the heating system providing not only space heating but also hot
water. The efficiency of the heating system is determined by the efficiency of the
heating system, the distribution losses and energy demand of auxiliary systems.

Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:
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o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

The efficiency of the heating system shall be determined in the model building for
the reference and/or efficient heating system. EU Member States may have set
default values for the efficiency of the heating system when implementing the
Energy Performance Building Directive and consequently the energy performance
certificate.

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.
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This method applies to newly constructed service buildings which meet a higher
energy efficiency standard than stipulated in the national building code. Such
service buildings comprise offices, educational buildings, hospitals, nursing
homes, hotels and restaurants, sports facilities, wholesale and retail trade service
buildings and other types of energy-consuming buildings.

Bottom-up formula

Option 1:

TFES = A = (SHDpo; — SHDzf7 ) = EFggy

Option 2:
TFES = A (SHDg,s — SHDgp; ) »——
Nesy

Definition

TFES: Total Final Energy Savings [kWh/a]

A Conditioned gross floor area relating to the average space heating
demand of the reference building [m?]

SHDges Specific Space Heating Demand of the reference building
[kWh/m?/a]

SHDgg Specific Space Heating Demand of the energy efficient building
[kWh/m?/a]

EFgs Expenditure Factor of the heating system in the efficient building

NEf Annual use efficiency of the heating system in the efficient building

Baseline

Maximum allowed space heating demand as stipulated in the national building code for
newly constructed non-residential buildings [kWh/m?/a].

The space heating demand values should be corrected with the relevant Heating Degree
Days.
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Values:
Lifetime of the measure in years (default or project specific)

Conditioned gross floor area relating to the average space heating demand of the
reference building (project specific)

Specific Space Heating Demand of the reference building (default or project specific)

Specific Space Heating Demand of the energy efficient building (default or project
specific)
Expenditure Factor of the heating system in the efficient building (default or project
specific)

Annual use efficiency of the heating system in the efficient building (default or project
specific)

ITI.IV.I Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related to buildings and heating systems, a model building needs to be
defined, specifying an average value of the conditioned floor area per building
type, an average space heating demand per building type (reference and energy
efficient building), an average hot water demand per building unit and the
efficiency of the heating system based on assumptions made related to the
heating structure of the country.

However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
86'°. Alternatively, the lifetime may be determined based on national empirical
values.

Specific Space Heating Demand (reference and energy efficient non-
residential building): values for determining the specific space heating demand
are to be defined in the model building.

For newly constructed non-residential buildings, the average specific space
heating demand of the reference building may be taken from the national building
code as minimum energy efficiency requirement.

¥ bownload: https://www.energy-community.org/pls/portal/docs/906182.PDF
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The average specific space heating demand of the energy efficient non-residential
building may be determined by more ambitious regulations on the heating
demand of new non-residential buildings for example as set in subsidy guidelines.
Also project-specific values can be used for the savings calculation if a
representative default value is difficult to be determined.

Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

The efficiency of the heating system shall be determined in the model building for
the reference and/or efficient heating system. EU Member States may have set
default values for the efficiency of the heating system when implementing the
Energy Performance Building Directive and consequently the energy performance
certificate.

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.
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This method applies to existing service buildings which meet a higher energy
efficiency standard after thermal refurbishment than stipulated in the national
building code. The method does not foresee the replacement of the existing
heating system. Service buildings comprise offices, educational buildings,
hospitals, nursing homes, hotels and restaurants, sports facilities, wholesale and
retail trade service buildings and other types of energy-consuming buildings.

Bottom-up formula

Option 1:
TFES = A ((SHDge; + HWD) = EFggr — (SHDz77 + HWD) = EE, )

Option 2:
TFES = A » (SHDEEI+HI.IFD _ SHDELF+HI.L'D]
TREf Neff

Definition

TFES: Total Final Energy Savings [kWh/a]

A Conditioned gross floor area relating to the average space heating
demand of the reference building [m?]

SHDges Specific Space Heating Demand of the reference building
[kWh/m?/a]

SHDgs Specific Space Heating Demand of the energy efficient building
[kWh/m?/a]

HWD Specific Hot Water Demand [kWh/m?/a]

EFgrer Expenditure Factor of the heating system in the reference building

EFgq Expenditure Factor of the heating system in the efficient building

NRef Annual use efficiency of the heating system in the reference building

Nef Annual use efficiency of the heating system in the efficient building

Baseline

Specific space heating demand prior to the thermal refurbishment of the building
[kWh/m?%/a].

The space heating demand values should be corrected with the relevant heating degree
days.
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Values:
Lifetime of the measure in years (default or project specific)

Conditioned gross floor area relating to the average space heating demand of the
reference building (project specific)

Specific Space Heating Demand of the reference building (default or project specific)

Specific Space Heating Demand of the energy efficient building (default or project
specific)

Specific Hot Water Demand (default or project specific)

Expenditure Factor of the heating system in the reference building (default or project
specific)

Expenditure Factor of the heating system in the efficient building (default or project
specific)

Annual use efficiency of the heating system in the reference building (default or project
specific)

Annual use efficiency of the heating system in the efficient building (default or project
specific)

ITI.V.I Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related to buildings and heating systems, a model building needs to be
defined, specifying an average value of the conditioned floor area per building
type, an average space heating demand per building type (reference and energy
efficient building), an average hot water demand per building unit and the
efficiency of the heating system based on assumptions made related to the
heating structure of the country.

However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
86°°. Alternatively, the lifetime may be determined based on national empirical
values.

Specific Space Heating Demand (reference and energy efficient non-
residential building): values for determining the area-related space heating
demand are to be defined in the model building.

% pownload: https://www.energy-community.org/pls/portal/docs/906182.PDF
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The average specific space heating demand of the reference building may be
calculated based on national statistics such as the energy balance and useful
energy balance, if available for different types of non-residential buildings.

Alternatively, average values for specific space heating demand may be available
from national empirical studies, analyses of energy certificates, buildings
databases or the national building code in place at the time when the building
was constructed. For selected EU Member States, reference can also be made to
the EU-funded projects TABULA and EPISCOPE (http://episcope.eu/welcome/)
where national building typologies representing the residential and non-residential
building stock have been developed.

For thermally refurbished buildings, the space heating demand may be
determined by subsidy guidelines, specifying a certain thermal quality to be
reached when applying for subsidies. Also project-specific values can be used for
the savings calculation if a representative default value is difficult to be
determined.

Specific Domestic Hot Water Demand (average value): values for
determining the area-related domestic hot water demand are to be defined in the
model building. It is calculated based on the building's gross floor area and the
efficiency of the heating system providing not only space heating but also hot
water. The efficiency of the heating system is determined by the efficiency of the
heating system, the distribution losses and energy demand of auxiliary systems.

Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.
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The efficiency of the heating system shall be determined in the model building for
the reference and/or efficient heating system. EU Member States may have set
default values for the efficiency of the heating system when implementing the
Energy Performance Building Directive and consequently the energy performance
certificate.

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.

The method provides for evaluating the energy savings derived from the thermal
improvement of single building elements (e.g. windows, building shell). The
heating system will not be replaced while improving single building elements.

Bottom-up formula

Wall insulation:
Option 1:

TFESygy = {Uﬁe,r'_h'cii - U

7 wan) * A= HDD = f= EE ¢

Option 2:

TFES o = {U;e,r'_n-czz - U‘f,r'_h'cii} = A= HDD = f =

L

Nasf
Window replacement:
Option 1:

TFES yingows = {Uﬁe,r'_h'ir!dm-.' - Ug } +A=HDD = f +EFy

ETT windew

af
Option 2:

TFES yingows = \Unef window — Us )+ A=HDDsf»

EFT window

Nasr
Roof insulation:

Option 1:

TFES,o0r = (User roof — Usff roor ) * A = HDD = f = EFg,:

Option 2:

TFES yingows = {Uﬁe,r'_h'ir!dm-.' - Ug } *A=HDD = f »

ETT windew

Naef
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Definition

TFES:

Total Final Energy Savings [kWh/a]

URef wall U-value of the reference building element: overall heat transfer
URef_windows coefficient [W/m?K]

URef_roof

Ut wall U-value of the efficient building element: overall heat transfer
Ukt windows coefficient [W/m?K]

UEft_roof

A Area of the building element refurbished [m?]

HDDc Heating degree days at average climatic conditions [Kd/a]

f Conversion factor to kWh [kh/d]

EFRer Expenditure Factor of the heating system in the reference building
NRef Annual use efficiency of the heating system in the reference building
Baseline

U-value of each refurbished element or average U-value of each element in the period
of construction of the building undergoing refurbishment or in the year of last
refurbishment.

Values:

Lifetime of the measure in years (default or project specific)

U-value of the reference building element (default or project specific)
U-value of the efficient building element (default or project specific)
Area of the building element refurbished (project specific)

Heating Degree Days (default)

Conversion factor (default)

Expenditure Factor of the heating system in the reference building (default or project
specific)

Annual use efficiency of the heating system in the reference building (default or project
specific)

ITI.VI.I Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related to buildings and heating systems, a model building needs to be
defined, specifying an average value of the conditioned floor area per building
type, an average space heating demand per building type (reference and energy
efficient building), an average hot water demand per building unit and the
efficiency of the heating system based on assumptions made related to the
heating structure of the country.
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However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
85-862!, Alternatively, the lifetime may be determined based on national
empirical values.

U-values for the reference and energy efficient building element: for the
reference building element, the u-values valid in the year or period of
construction of the building may be used. Those can usually be found in the
national building regulations, i.e. building codes.

For the energy efficient building element, more ambitious u-values than
stipulated in the latest national building code may be determined by subsidy
guidelines, specifying a certain thermal quality to be reached when applying for
subsidies. Also project-specific values can be used for the savings calculation if a
representative default value is difficult to be determined.

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.

Conversion factor: the factor is 0,024 kilo hours per day if the heating system is
running 24 hours. This factor may be reduced as it is subject to the average daily
operating time of the heating system (e.g. heating system running from 06h00 to
22h00 => 0,024*0,67).

Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

1 Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

The efficiency of the heating system shall be determined in the model building for
the reference and/or efficient heating system. EU Member States may have set
default values for the efficiency of the heating system when implementing the
Energy Performance Building Directive and consequently the energy performance
certificate.
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IV Air-conditioning Systems
Sectors: households and services (residential and non-residential buildings)

The section “Air-conditioning systems” provides methods to calculate energy
savings resulting from the replacement of conventional air conditioning systems
with more energy efficient ones. Further on, a method is provided to calculate
energy savings from cooling buildings with a centralized district cooling system
instead of single decentralized ones.

The methods provided under air conditioning apply to the new installation and
replacement of central compression cooling systems (before the end of their
lifetime) as well as to room air conditioners with a cooling power output below 12
kW. Whereas one calculating option relates to the installed cooling power of the
cooling system, another one relates to the cooling demand of the building.

IV.I.ICentral compression cooling system
When applying the method “central compression refrigeration system”, the
following requirements have to be fulfilled:

The compressors must be powered by electrical energy.

Cooling systems with free cooling or heat recovery are not covered.

The method is valid for new installation and replacement of central compression
cooling systems. It can be used for residential and non-residential buildings.

Below, two calculation formulae are provided. The first option applies to cases
where the cooling demand of the building stays constant, only a more efficient
cooling system is put in place. The second option applies to cases where not only
the efficiency of the cooling system, but also the cooling demand of the building
improves.
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Bottom-up formula

Option 1 (for non-refurbished buildings):

TFE'S:{chhR]x( S — ]xn
f.

ESEERgey ESEERgs

Option 2 (for refurbished buildings lowering the cooling demand):

1
TFES = A # (5CDg.s » m — 5CDg57 = m:]
Definition
TFES: Total Final Energy Savings [kWh/a]
Pc Installed cooling power of the cooling system [kW]
hel Full-load hours related to the maximum installed cooling power [h]
ESEER*%res European Seasonal Energy Efficiency Ratio of the reference
compression cooling system
ESEERgs European Seasonal Energy Efficiency Ratio of the more efficient
compression cooling system
n Number of cooling systems installed at a specific cooling power
A Conditioned floor area of the building [m?]
SCDget Specific Cooling Demand of the reference building [kWh/m?/a]
SCDgs Specific Cooling Demand of the energy efficient building [kWh/m?/a]
Baseline

New installation and replacement after the end of its lifetime: the ESEER value of
the efficient compression cooling system is compared to the ESEER value of an average
compression cooling system available on the market.

Replacement before the end of its lifetime: the ESEER value of the efficient
compression cooling system is compared to the ESEER value of the existing compression
cooling system.

If savings are calculated based on the cooled floor area, the baseline is determined by
the efficiency of the cooling system installed before replacement (in case of new
installation, an average cooling system available on the market may serve as baseline)
as well as by the cooling demand of the reference building.

22 The European Seasonal Energy Efficiency Ratio (ESEER) is a weighed formula enabling to take into account the variation of
EER (Energy Efficiency Ratio) with the load rate and the variation of air or water inlet condenser temperature.

Source: http://www.eurovent-
certification.com/en/Certification Programmes/Programme Descriptions.php?lg=en&rub=03&srub=01&select prog=LCP-
HP, 13 July 2015.
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Values:

Lifetime of the measure in years (default or project specific)
Installed cooling power of the cooling system (project specific)
Full-load hours (project specific)

ESEER values for the central compression cooling system (reference system and energy
efficient system) - for air-cooled and water-cooled systems (default)

Number of cooling systems installed at a specific cooling power (project specific)
Cooled floor area of the building (default or project specific)

Specific Cooling Demand of the reference building (default or project specific)
Specific Cooling Demand of the energy efficient building (default or project specific)

IV.I.1I Room air conditioner < 12 kW cooling capacity

For applying the method “room air conditioner < 12 kW cooling capacity”, the
following requirements have to be fulfilled:

The room air conditioner must be powered by electrical energy.
The air conditioner must be stationary.

The method is valid for the new installation and replacement of room air
conditioners. It can be used for residential and non-residential buildings.

Stationary air conditioning systems with a cooling power output below 12 kW
have to be categorized according to Regulation 626/2011. The regulation
stipulates that split appliances are to be classified according to the SEER?® value,
single and double duct air conditioners are to be classified according to the EER*
value. The values can be found on the EU energy efficiency label.

Below, two calculation formulae are provided. The first option applies to cases
where the cooling demand of the building stays constant, only a more efficient
cooling system is put in place. The second option applies to cases where not only
the efficiency of the cooling system, but also the cooling demand of the building
improves.

% seasonal energy efficiency ratio (SEER) is the overall energy efficiency ratio of the unit, representative for the
whole cooling season, calculated as the reference annual cooling demand divided by the annual electricity
consumption for cooling.

Source: http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R0626&from=EN, Annex |.
Download: 1 July 2015.

4 Energy efficiency ratio (EER) means the declared capacity for cooling [kW] divided by the power input for
Cooling [kW] of a unit when providing cooling at standard conditions.

Source: http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R0626&from=EN, Annex I.
Download: 1 July 2015.
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Bottom-up formula

Option 1 (for non-refurbished buildings):

TFE'S:{PCHFJ.R]H( SR ]xn

SEERpef SEERgpjy

TFES = (B = hey) » (2 2 _Yun

EEF:I-_,EF_ EERzfr

Option 2 (for refurbished buildings lowering the cooling demand)::

1

TFES = A= {SED;EJ,- * m - .S'EDL—J,-J,- # m:]

TFES = A » (SCDgq; * FERnyy — SCDzpp » ij

Definition

TFES: Total Final Energy Savings [kWh/a]

Pc Installed cooling power of the cooling system [kW]

he Full-load hours related to the maximum installed cooling power [h]

SEERRes Seasonal Energy Efficiency Ratio of the reference air conditioning
system

SEERgs Seasonal Energy Efficiency Ratio of the more efficient air
conditioning system

EERRes Energy Efficiency Ratio of the reference air conditioning system

EERgs Energy Efficiency Ratio of the more efficient air conditioning system

n Number of room air conditioners < 12 kW installed

A Conditioned floor area of the building [m?]

SCDget Specific Cooling Demand of the reference building [kWh/m?/a]

SCDg¢ Specific Cooling Demand of the energy efficient building [kWh/m?/a]

Baseline

New installation and replacement after the end of its lifetime: the (S)EER value
of the efficient air conditioning system is compared to the (S)EER value of an average
air conditioning system available on the market.

Replacement before the end of its lifetime: the (S)EER value of the efficient air
conditioning system is compared to the (S)EER value of the existing air conditioning
system.

If savings are calculated based on the cooled floor area, the baseline is determined by
the efficiency of the cooling system installed before replacement (in case of new
installation, an average cooling system available on the market may serve as baseline)
as well as by the cooling demand of the reference building.

Values:
Lifetime of the measure in years (default or project specific)
Full-load hours [h/a] (project specific)

SEER values for the room air conditioner < 12 kW cooling capacity (reference system
and energy efficient system) (default)
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EER values for the room air conditioner < 12 kW cooling capacity (reference system and
energy efficient system) (default)

Number of cooling systems installed at a specific cooling power (project specific)
Cooled floor area of the building (default or project specific)
Specific Cooling Demand of the reference building (default or project specific)

Specific Cooling Demand of the energy efficient building (default or project specific)

IV.I.III Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
85-87%°. Alternatively, the lifetime of air conditioning devices may be defined in
national standards or project specific values may be available.

ESEER values: represent the average efficiency of the air conditioning system at
different operation levels. For determining default ESEER values, average values
of Eurovent certified air conditioning systems of different energy efficiency
standards may be calculated based on the Eurovent database:
http://www.eurovent-

certification.com/en/Certified products/Search Engine.php?rub=04&srub=04&ssr

ub=&Ilg=en

SEER values and EER values: requirements for the minimum energy efficiency
of air conditioning systems are stipulated in Regulation (EU) No 206/2012
implementing Directive 2009/125/EC with regard to eco-design requirements for
air conditioners and comfort fans: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1:2012:072:0007:0027:en:PDF

SEER and EER values: Regulation (EU) No 626/2011 supplementing Directive
2010/30/EU of the European Parliament and of the Council with regard to energy
labelling of air conditioners: http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32011R0626&from=EN

An overview of the Eco-design regulations of the EU can be found under:
https://ec.europa.eu/energy/sites/ener/files/documents/list of ecodesign measu

res.pdf

% Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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An overview of the Eco-labelling regulations of the EU can be found under:
https://ec.europa.eu/energy/sites/ener/files/documents/list of enegy labelling
measures.pdf

Conditioned floor area of the building: values for determining the cooled floor
area are to be defined in the model building. The average floor area may be
calculated based on national statistics or may be available from analyses of
energy certificates, buildings databases etc.

Specific Cooling Demand (reference and energy efficient building): values
for determining the area-related space cooling demand are to be defined in the
model building.

For newly constructed buildings, the average specific space cooling demand of the
reference building may be taken from the national building code.

The average specific space cooling demand of the energy efficient building may
be determined by considering more ambitious regulations on the cooling demand
of new buildings for example as set in subsidy guidelines.
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District cooling represents an alternative to conventional air conditioning systems,
delivering chilled water to buildings needing cooling. District cooling systems are
more efficient, as larger systems are considerably more energy-efficient than
small, individual units.

The method provides to replace several existing decentralized cooling systems
with a central cooling system (district cooling system).

Bottom-up formula

; prnbxfir +gp el
I’FES=( @ thJxﬂb—[(Qﬂ ki +a ]xtr]—prtf

COPS,; COPS,

Definition

TFES Total Final Energy Savings [kWh/a]

Qo Average cooling load per building [kW]

COPS4 Average System Coefficient of Performance (decentralized systems)
tq Average yearly operating hours (decentralized systems) [h/a]
nb Number of buildings

fst Simultaneity Factor

q Specific distribution losses [kW/m]

I Length of distribution grid [m]

COPS. System Coefficient of Performance (centralized system)

te Average yearly operating hours (centralized system) [h/a]

Pp Power of distribution pump [kW]

Baseline

Decentralized cooling systems

Values:

Lifetime of the measure in years (default)

Average cooling load per building (default or project specific)
Average System Coefficient of Performance (project specific)
Average yearly operating hours (project specific)

Number of buildings (project specific)

Simultaneity Factor (default or project specific)

Specific distribution losses (default or project specific)
Length of distribution grid (project specific)

Power of distribution pump (project specific)
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IV.II.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
852%°,

Average cooling load per building: values for determining the cooling load per
building are to be defined in the model building or can be project specific. The
value can be calculated based on national standards (e.g. Austria: ONORM H
6040 or VDI 2078).

Average System Coefficient of Performance: a system specific value. The
value can be found in national guidelines (e.g. Austria: VDMA-24247-5) or
studies. The following international database may also be recommended for
determining this coefficient: http://www.eurovent-certification.com/

Average yearly operating hours: project specific value dependent on the
climatic conditions in the different countries. Default values may be found in
relevant national publications.

Simultaneity Factor: Simultaneity is a concept which is used to describe that
separate customer’s peak load doesn’t occur at the same time due to (1) demand
occurring at different times of the day, (2) a variation of demand that occurs
randomly over time and is influenced by individual temperature regulation in both
district cooling and district heating systems, (3) different buildings are not
exposed to the maximum temperature at the same time due to shading etc. and
(4) different ways of operating the technical installations.?’

It is suggested to use a project specific value as simultaneity factor. It depends
on the number of buildings supplied with district cooling. Default values may be
found in national publications.

Specific distribution losses: project specific values. Default values can be
found in datasheets of distribution pipe manufacturers or national publications.

Length of distribution grid: project specific value. The value can be determined
from plans.

Power of distribution pump: project specific value. The value can be calculated
based on the mass flow and pressure losses.

% Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
> ECOHEATCOOL, Work Package 5, Possibilities with more district cooling in Europe:
http://www.euroheat.org/files/filer/ecoheatcool/documents/Ecoheatcool WP5 Web.pdf, p. 12
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V Circulating pump

Target sector: households (residential buildings), public and private services
(tertiary buildings)

The methods hereunder provide for the calculation of energy savings derived
from the installation of new energy efficient circulating pumps and from the
replacement of existing circulating pumps. A circulating pump is considered
efficient if it has an energy efficiency index of < 0.23 and therefore corresponds
to the minimum requirements as set in the Ecodesign-Directive 2009/125/EG
which specifies an energy efficiency index of < 0.23 for heating circulating pumps
as of 1°* August 2015.
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For the method “installation of a new heating circulating pump”, an energy
efficient circulating pump is compared to an average circulating pump available
on the market.

Bottom-up formula

TFES =n |

Pref*ta— FPefreta « fLPT )
100D

Calculation load profile:

fier = tqmn%& * Qoo + tq.'-sae *Qrsy + tqsn%& * Qson + tq:s%& * Q55

Definition

TFES: Total Final Energy Savings [kWh/a]

n Number of installed circulating pumps

PRres Electrical power of an average circulating pump available on the
market [W]

Petr Electrical power of an efficient circulating pump [W]

ta Average yearly operating hours of circulating pumps [h/a]

fLpr Factor load profile

Q Delivery rating of the pump

to Relative load time

Baseline

Electrical power of an average circulating pump available on the market

Values:

Lifetime of the measure in years (default or project specific)

Number of installed circulating pumps (project specific)

Electrical power of an average circulating pump (project specific)

Electrical power of an efficient circulating pump (project specific)

Average yearly operating hours of circulating pumps (default or project specific)
Delivery rating of the pump (default)

Relative load time (default)
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For the method “replacement of an existing heating circulating pump”, an energy
efficient circulating pump is compared to an average circulating pump installed in
a building.

Bottom-up formula

TFES =n»(

Pref*tla— Pofr* to* fLPT )
1000

Calculation load profile:

fier = tgioos * Q@uooss t Egrsse * Qs + Lgsoe * Psome T fpzsw * Qusse

Definition

TFES: Total Final Energy Savings [kWh/a]

n Number of installed circulating pumps

PRrer Electrical power of the installed energy inefficient circulating pump
(reference system) [W]

Petr Electrical power of an efficient circulating pump [W]

ta Average yearly operating hours of circulating pumps [h/a]

fLpr Factor load profile

Q Delivery rating of the pump

to Relative load time

Baseline

Electrical power of the installed energy inefficient circulating pump (reference system)

Values:

Lifetime of the measure in years (default or project specific)

Number of installed circulating pumps (project specific)

Electrical power of the installed energy inefficient circulating pump (project specific)
Electrical power of an efficient circulating pump (project specific)

Average yearly operating hours of circulating pumps (default or project specific)
Delivery rating of the pump (default)

Relative load time (default)
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V.II.I Guidance for identification of default values

Lifetime of the measure: information about the lifetime of circulating pumps
may be enquired from producers of circulating pumps. The information received
from producers in Austria is 15 years on average.

Average yearly full load hours: as a possible source, the publication "EU SAVE
IT Project Promotion of Energy Efficiency in Circulation Pumps, especially in
Domestic Heating Systems” can be referred to:
http://www.eci.ox.ac.uk/research/energy/downloads/eusave-pump-t2.pdf
Alternatively, values from (national) empirical studies - if available - can be
applied or information can be sought directly from manufacturers of circulating
pumps (e.g. Grundfos).

Factor load profile: a commonly known load profile is the so called “Blauer
Engel®®”, applicable for speed controlled circulating pumps. The (electrical) energy
consumption of the particular circulator is calculated using the “energy weighted”
method that takes account of the energy consumption of the circulator at the
25%, 50%, 75% and 100% flow points, as determined by a standard time-flow
profile curve.?”® The EU regulation No 622/2012 with regard to eco-design
requirements for glandless standalone circulators and glandless circulators
integrated in products also refers to this load profile:

http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32012R0622&from=EN

The load profile is as follows:

Delivery rate | Relative load
of the pump time [tq]
[Q] 25% - 100%
% %
100 6
75 15
50 35
25 44

8 English translation: Blue Angel

% http://www.ebpg.bam.de/de/ebpg_medien/011 studyf 08-04 circulators updated.pdf, page 27. Download

6 August 2015
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VI Cogeneration

Target sector: industry

The method targets industrial plants which install a CHP plant for electricity and
heat generation. Examples for CHP technologies are: gas turbines with heat
recovery system, back pressure steam turbines, condensation steam turbines and
block heat and power plants.

Applying this method requires that the thermal and electric capacity as well as
the efficiency of the installed CHP plant are known.

Bottom-up formula

Fetene newe  Felcar
rms:( LR +Q”-'5" _ S )-tlm-{l — fog)

Nelmef  Mehmef  TMelcer

Factor for feeding electricity and heat into the public grid

_ Qenpe + Weiss

fes = Qri:_c;—:.ﬂ + 1'1";;_:;-:;

Definition

TFES Total Final Energy Savings [kWh/a]

Pel,crp Electrical power of the CHP plant [kW,]

Nel,Ref Electrical efficiency of the reference electricity generation plant [%]
Qth,cHp Thermal power of the CHP plant [kW]

Nth,Ref Thermal efficiency of the reference heat generation plant [%]
Nel,cHpP Electrical efficiency of the CHP plant [%]

ti00 Average yearly full load hours of the CHP plant [h/a]

frg Factor for feeding electricity and heat into the public grid
Qth,pc Heat fed into the public grid (e.g. district heat)

Wel pc Electricity fed into the public grid

Qin,cHp Heat generated in CHP plant

Wei chp Electricity generated in CHP plant
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Baseline

Generation of heat and power through a separate system, i.e. not a combined one

Values:

Lifetime of the measure in years (default or project specific)

Electrical power of the CHP plant (project specific)

Electrical efficiency of the reference electricity generation plant (default)
Thermal power of the CHP plant (project specific)

Thermal efficiency of the reference heat generation plant (default)
Electrical efficiency of the CHP plant (project specific)

Average yearly full load hours of the CHP plant (project specific)

Factor for feeding electricity and heat into the public grid (project specific)

VI.I.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
85-87°C.

Electrical efficiency of the CHP plant (reference system): Decision
2011/877/EU establishing harmonised efficiency reference values for separate
production of electricity and heat: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1:2011:343:0091:0096:EN:PDF
(Annex I and Annex II)

Thermal efficiency of the CHP plant (reference system): Decision
2011/877/EU: establishing harmonised efficiency reference values for separate
production of electricity and heat: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1:2011:343:0091:0096:EN:PDF
(Annex I and Annex II)

* Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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VII District heating

Target sector: households (residential buildings)

Bottom-up methods for district heating comprise the connection of new and
existing residential buildings, both refurbished and non-refurbished, to the district
heating grid. Residential buildings cover single- and multi-family homes as well as
big housing blocks.

Attention has to be paid to the fact that the methods described below target
exclusively the connection of buildings to the district heating grid. The
improvement of the building shell, be it through applying higher energy efficiency
standards than requested to newly constructed buildings or refurbishing existing
buildings thermally, at the same time as connecting buildings to the district
heating grid is not covered by the methods in this section.

The method aims at connecting a building to the district heating grid and
therefore replacing an existing heating system. Both heating systems, i.e. the
existing and the new one, provide heat and hot water.

The method targets single-family and multi-family homes as well as apartment
blocks that have not been thermally refurbished (e.g. retrofit of the building shell,
exchange of windows).
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Bottom-up formula for single-family homes

Option 1:
TFES = A = ((SHD + HWD) = EFg,¢ — (SHD + HWD) = EF4¢)
Option 2:
(SHD + HWD SHD + HWD
TFES5 = A = - ]
Nasf Neff

Definition
TFES Total Final Energy Savings [kWh/a]
A Conditioned gross floor area of the non-refurbished residential

building connected to the district heating grid [m?2]
SHD Specific Space Heating Demand [kWh/m?/a]
HWD Specific Domestic Hot Water Demand [kWh/m?/a]
EFger Expenditure Factor of the reference heating system
EFes Expenditure Factor of the efficient heating system
TNRef Annual use efficiency of the reference heating system
NEff Annual use efficiency of the efficient heating system
Baseline

Average heating system producing heat and hot water.

The space heating demand values should be corrected with the relevant heating degree
days.

Values:
Lifetime of the measure in years (default or project specific)

Conditioned gross floor area of the non-refurbished residential building connected to the
district heating grid (default or project specific)

Specific Space Heating Demand (default or project specific)

Specific Domestic Hot Water Demand (default or project specific)

Expenditure Factor of the reference heating system (default or project specific)
Expenditure Factor of the efficient heating system (default or project specific)
Annual use efficiency of the reference heating system (default or project specific)
Annual use efficiency of the efficient heating system (default or project specific)
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Bottom-up formula for multi-family homes and apartment blocks

Option 1:

TFES = n+ Apy = ((SHD + HWD) = EFy,; — (SHD + HWD) = EFz¢)

Option 2:
(SHD + HWD S5HD +HWD]

TFES = n Apy * -
Nasf Nerf

Definition

TFES Total Final Energy Savings [kWh/a]

n Number of building units connected to the district heating grid

Apu Conditioned gross floor area of the building unit located in the non-
refurbished residential building connected to the district heating grid
[m?]

SHD Specific Space Heating Demand [kWh/m?/a]

HWD Specific Domestic Hot Water Demand [kWh/m?/a]

EFRer Expenditure Factor of the reference heating system

EFgq Expenditure Factor of the efficient heating system

MNRef Annual use efficiency of the reference heating system

NES Annual use efficiency of the efficient heating system

Baseline

Average heating system producing heat and hot water.

The space heating demand values should be corrected with the relevant heating degree
days.

Values:
Lifetime of the measure in years (default or project specific)
Number of building units connected to the district heating grid (project specific)

Conditioned gross floor area of the building unit located in the non-refurbished
residential building connected to the district heating grid (default or project specific)

Specific Space Heating Demand of the building unit (default or project specific)
Specific Domestic Hot Water Demand (default or project specific)

Expenditure Factor of the reference heating system (default or project specific)
Expenditure Factor of the efficient heating system (default or project specific)
Annual use efficiency of the reference heating system (default or project specific)

Annual use efficiency of the efficient heating system (default or project specific)
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VII.I.I Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related to buildings and heating systems, a model building needs to be
defined, specifying an average value of the conditioned floor area per building
type, an average space heating demand per building type (reference and energy
efficient building), an average hot water demand per building unit and the
efficiency of the heating system based on assumptions made related to the
heating structure of the country.

However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: reference can be made to the document
“Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
853!, Alternatively, the lifetime may be determined based on national empirical
values.

Conditioned gross floor area of the non-refurbished residential building
(average value) connected to the district heating grid: values for
determining the conditioned gross floor area are to be defined in the model
building. The average gross floor area may be calculated based on national
statistics on buildings for buildings in stock or may be available from analyses of
energy certificates, buildings databases etc.

Specific Space Heating Demand (average value): values for determining the
Specific space heating demand are to be defined in the model building.

The average specific space heating demand of the reference building may be
calculated based on national statistics such as energy balance, useful energy
balance and statistics on buildings.

Alternatively, average values for a specific space heating demand for different
building types may be available from national empirical studies, analyses of
energy certificates, buildings databases etc. For selected European countries
(mostly EU Member States), reference can also be made to the EU-funded
projects TABULA and EPISCOPE (http://episcope.eu/welcome/) where national
building typologies representing the residential building stock have been
developed.

1 Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Specific Domestic Hot Water Demand (average value): values for
determining the area-related domestic hot water demand are to be defined in the
model building. It is calculated based on the building's gross floor area and the
efficiency of the heating system providing not only space heating but also hot
water. The efficiency of the heating system is determined by the efficiency of the
heating system, the distribution losses and energy demand of auxiliary systems.

Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

The efficiency of the heating system shall be determined in the model building for
the reference and/or efficient heating system. EU Member States may have set
default values for the efficiency of the heating system when implementing the
Energy Performance Building Directive and consequently the energy performance
certificate.

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.
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The method aims at connecting a building to the district heating grid and
therefore replacing an existing heating system. Both heating systems, i.e. the
existing and the new one, provide heat and hot water.

The method targets single-family and multi-family homes as well as apartment
blocks that have been thermally refurbished (e.g. retrofit of the building shell,
exchange of windows), however already before the building has been connected
to the district heating grid.

Bottom-up formula for single family homes

Option 1:

TFES = A+ ((SHD + HWD) = EFg,; — (SHD + HWD) = EFz¢)

Option 2:
(S'HD + HWD SHD + Hl-t’.i'_)]
TFES5 = A = -
Nasf Neff
Definition
TFES Total Final Energy Savings [kWh/a]
A Conditioned gross floor area of the refurbished residential building(s)
connected to the district heating grid [m?]
SHD Specific Space Heating Demand [kWh/m?/a]
HWD Specific Domestic Hot Water Demand [kWh/m?/a]
EFres Expenditure Factor of the reference heating system
EFes Expenditure Factor of the efficient heating system
MNRef Annual use efficiency of the reference heating system
NEff Annual use efficiency of the efficient heating system
Baseline

Average heating system producing heat and hot water.

The space heating demand values should be corrected with the relevant heating degree
days.
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Values:
Lifetime of the measure in years (default or project specific)

Conditioned gross floor area of the refurbished residential building connected to the
district heating grid (default or project specific)

Specific Space Heating Demand (default or project specific)

Specific Domestic Hot Water Demand (average value) (default or project specific)
Expenditure Factor of the reference heating system (default or project specific)
Expenditure Factor of the efficient heating system (default or project specific)
Annual use efficiency of the reference heating system (default or project specific)
Annual use efficiency of the efficient heating system (default or project specific)

Bottom-up formula for multi-family homes and apartment blocks

Option 1:

TFES = n =+ Apy + ((SHD + HWD) = EFy.; — (SHD + HWD) = EFz¢)

Option 2:
(S'HD + HWD S5HD +HWD]

TFES = n Apy * -
Nasf Neff

Definition

TFES Total Final Energy Savings [kWh/a]

n Number of building units connected to the district heating grid

Apu Conditioned gross floor area of the building unit located in the
refurbished residential building connected to the district heating grid
[m?]

SHD Specific Space Heating Demand [kWh/m?/a]

HWD Specific Domestic Hot Water Demand [kWh/m?/a]

EFgrer Expenditure Factor of the reference heating system

EFes Expenditure Factor of the efficient heating system

NRef Annual use efficiency of the reference heating system

TNEfe Annual use efficiency of the efficient heating system

Baseline

Average heating system producing heat and hot water.
The space heating demand values should be corrected with the relevant heating degree
days.
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Values:
Lifetime of the measure in years (default or project specific)
Number of building units connected to the district heating grid (project specific)

Conditioned gross floor area of the building unit located in the refurbished residential
building connected to the district heating grid (default or project specific)

Specific Space Heating Demand of the building unit (default or project specific)
Specific Domestic Hot Water Demand (default or project specific)

Expenditure Factor of the reference heating system (default or project specific)
Expenditure Factor of the efficient heating system (default or project specific)
Annual use efficiency of the reference heating system (default or project specific)
Annual use efficiency of the efficient heating system (default or project specific)

VII.II.I Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related to buildings and heating systems, a model building needs to be
defined, specifying an average value of the conditioned floor area per building
type, an average space heating demand per building type (reference and energy
efficient building), an average hot water demand per building unit and the
efficiency of the heating system based on assumptions made related to the
heating structure of the country.

However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
85°2. Alternatively, the lifetime may be determined based on national empirical
values.

Conditioned gross floor area of the thermally refurbished residential
building (average value) connected to the district heating grid: values for
determining the conditioned gross floor area to be defined in the model building.
The average gross floor area may be calculated based on national statistics on
buildings for buildings in stock or may be available from analyses of energy
certificates, buildings databases etc.

32 Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Specific Space Heating Demand (average value): values for determining the
area-related space heating demand are to be defined in the model building.

Average values for the specific space heating demand of thermally refurbished
buildings may be available from national empirical studies, analyses of energy
certificates, buildings databases etc.

The space heating demand may also be determined by subsidy guidelines,
specifying a certain thermal quality to be reached when applying for subsidies for
thermal refurbishment.

Specific Domestic Hot Water Demand (average value): values for
determining the specific domestic hot water demand are to be defined in the
model building. It is calculated based on the building's gross floor area and the
efficiency of the heating system providing not only space heating but also hot
water. The efficiency of the heating system is determined by the efficiency of the
heating system, the distribution losses and energy demand of auxiliary systems.

Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

The efficiency of the heating system shall be determined in the model building for
the reference and/or efficient heating system. EU Member States may have set
default values for the efficiency of the heating system when implementing the
Energy Performance Building Directive and consequently the energy performance
certificate.

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.
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The method aims at connecting a newly constructed residential building to the
district heating grid instead of equipping the building with an average heating
system (e.g. central heating system). Both heating systems, i.e. the average and
the new one, provide heat and hot water.

The method targets single-family and multi-family homes as well as apartment
blocks.

Bottom-up formula for single-family homes

Option 1:

TFES = A+ ((SHD + HWD) * EFg.; — (SHD + HWD) = EFz¢¢)

Option 2:
(S'HD + HWD SHD + Hl-t’.i'.)]
TFES5 = A = -
Nasf Neff
Definition
TFES Total Final Energy Savings [kWh/a]
A Conditioned gross floor area of the newly built residential building(s)
connected to the district heating grid [m?]
SHD Specific Space Heating Demand [kWh/m?/a]
HWD Specific Domestic Hot Water Demand [kWh/m?/a]
EFres Expenditure Factor of the reference heating system
EFes Expenditure Factor of the efficient heating system
MNRef Annual use efficiency of the reference heating system
TNEfe Annual use efficiency of the efficient heating system
Baseline

Average heating system producing heat and hot water.

The space heating demand values should be corrected with the relevant heating degree
days.
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Values:
Lifetime of the measure in years (default or project specific)

Conditioned gross floor area of the newly built residential building connected to the
district heating grid (default or project specific)

Specific Space Heating Demand (default or project specific)

Specific Domestic Hot Water Demand (default or project specific)

Expenditure Factor of the reference heating system (default or project specific)
Expenditure Factor of the efficient heating system (default or project specific)
Annual use efficiency of the reference heating system (default or project specific)
Annual use efficiency of the efficient heating system (default or project specific)

Bottom-up formula for multi-family homes and apartment blocks

Option 1:

TFES = n =+ Apy + ((SHD + HWD) = EFy.; — (SHD + HWD) = EFz¢)

Option 2:
(SHD + HWD S5HD +H1-1FD]
TFES =n=Apy » -
Maef Ners
Definition
TFES Total Final Energy Savings [kWh/a]
n Number of building units connected to the district heating grid
Apy Conditioned gross floor area of the building unit located in the newly
built residential building connected to the district heating grid [m?]
SHD Specific Space Heating Demand [kWh/m?/a]
HWD Specific Domestic Hot Water Demand [kWh/m?/a]
EFgrer Expenditure Factor of the reference heating system
EFes Expenditure Factor of the efficient heating system
NRef Annual use efficiency of the reference heating system
NEff Annual use efficiency of the efficient heating system
Baseline

Average heating system producing heat and hot water.

The space heating demand values should be corrected with the relevant heating degree
days.
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Values:
Lifetime of the measure in years (default or project specific)
Number of building units connected to the district heating grid (project specific)

Conditioned gross floor area of the building unit located in the newly built residential
building connected to the district heating grid (default or project specific)

Specific Space Heating Demand of the building unit (default or project specific)
Specific Domestic Hot Water Demand (default or project specific)

Expenditure Factor of the reference heating system (default or project specific)
Expenditure Factor of the efficient heating system (default or project specific)
Annual use efficiency of the reference heating system (default or project specific)
Annual use efficiency of the efficient heating system (default or project specific)

VII.III.I Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related to buildings and heating systems, a model building needs to be
defined, specifying an average value of the conditioned floor area per building
type, an average space heating demand per building type (reference and energy
efficient building), an average hot water demand per building unit and the
efficiency of the heating system based on assumptions made related to the
heating structure of the country.

However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
853, Alternatively, the lifetime may be determined based on national empirical
values.

Conditioned gross floor area of newly constructed residential building
(average value) connected to the district heating grid: values for
determining the conditioned gross floor area are to be defined in the model
building. The average gross floor area may be calculated based on national
statistics on newly constructed residential buildings or may be available from
analyses of energy certificates, buildings databases etc.

3 Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Specific Space Heating Demand (average value): values for determining the
specific space heating demand are to be defined in the model building.

The average specific space heating demand may be taken from the national
building code or may be determined by considering more ambitious regulations
on the heating demand of new buildings for example as set in subsidy guidelines.

Average values for the specific space heating demand may also be available from
national empirical studies, analyses of energy certificates, buildings databases
etc.

Specific Domestic Hot Water Demand (average value): values for
determining the specific domestic hot water demand are to be defined in the
model building. It is calculated based on the building's gross floor area and the
efficiency of the heating system providing not only space heating but also hot
water. The efficiency of the heating system is determined by the efficiency of the
heating system, the distribution losses and energy demand of auxiliary systems.

Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

The efficiency of the heating system shall be determined in the model building for
the reference and/or efficient heating system. EU Member States may have set
default values for the efficiency of the heating system when implementing the
Energy Performance Building Directive and consequently the energy performance
certificate.

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.
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VIII Smart district heating grids

Target Sectors: energy generation and distribution, households and services
(residential and non-residential buildings)

Smart district heating and cooling grids manage the supply side through the
intelligent use of heat storage and absorption refrigerators, with appropriate
control systems. Such systems balance the heating or cooling available - taking
into account the availability of stored energy, waste heat from industry, heat from
CHP plants (which varies according to electricity demand), and solar heat - with
the current demand.**

Smart thermal grids distinguish themselves from conventional district heating by,
among others, their higher energy efficiency through a wider use of CHP,
renewable energy small scale installations and district heating, and by use of
industrial waste heat, waste incineration, geothermal, biomass and solar thermal
resources. This forms the basis of the energy savings achieved.>?

The method described hereafter considers different possibilities of measures to
generate energy savings through smart district heating grids:

Interaction with other energy producers (optimisation power plant timetable,
optimisation of CHP production)

Intelligent grid operation (integration and management of storages, adaptive
flow temperature control, demand side management, hydraulic optimization)

Interaction with consumers (feedback, smart metering)

Optimisation of system temperature level (reduction of return temperature,
cascading use, distributed low temperature grids)

The implementation of one measure leads to a change of several other
parameters. Therefore, the thermal energy savings can be evaluated only with
simulations or experiments.

3% https://setis.ec.europa.eu/energy-research/smart-district-heating-and-cooling-grids-supply (14 August 2015)
* https://eu-smartcities.eu/sites/all/files/Smart%20Thermal%20Grids%20-
%20Smart%20Cities%20Stakeholder%20Platform.pdf, page 17 (14 August 2015)
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Bottom-up formula

TFES, = ECep * foptn

Definition

TFESt, Total final thermal energy savings [kWh/a]

ECin Total thermal energy consumption (excl. the pumps own electricity
consumption) [kWh/a]

fsG, th Energy saving factor due to implementation of a smart measure [%]

Baseline

Conventional district heating grid.

Values:
Lifetime of the measure in years (default or project specific)
Thermal energy consumption (project specific)

Energy saving factor (default or project specific)

VIII.I.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
856,

Thermal energy consumption: the thermal energy consumption is a project
specific value which can be taken from the national energy balance.

Energy saving factor: the energy saving factor is a project specific value. It has
to be determined by a simulation of the smart district heating grid. Default values
may be found in national publications.

% Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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IX Energy Audits of technical
processes

Sectors: business and industry

Energy audits for companies: The Energy Efficiency Directive Article 1(25) defines
an energy audit as ,(...) a systematic procedure with the purpose of obtaining
adequate knowledge of the existing energy consumption profile of a building or
group of buildings, an industrial or commercial operation or installation or a
private or public service, identifying and quantifying cost-effective energy savings
opportunities, and reporting the findings.”

According to Article 8(2) of the Energy Efficiency Directive "Member States shall
develop programmes to encourage SMEs to undergo energy audits and the
subsequent implementation of the recommendations from these audits." On the
other hand, companies employing more than 250 employees are obligated to
carry out an energy audit (Article 8(4)) or alternatively, set up an energy or
environmental management system, provided that the management system
includes an energy audit (Article 8(6)).

The calculation of energy savings resulting from the implementation of energy
efficiency measures in companies is hereunder reflected in the method “Energy
audits of technical processes”. The measure is designed at increasing the energy
efficiency in technical processes by providing accurate data about the energy
consumption per unit of production before the implementation of energy
efficiency measures and calculated/envisaged energy consumption of
modernised/replaced industrial processes/equipment.
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Bottom-up formula

Epegore Eofrer
TFE_S:(#—; P .
Pine,r'nre P::,r'rer areer

Definition

TFES Total Final Energy Savings [kWh/a]

Epefore Energy consumption of industrial process before implementation of
energy efficiency measure [kWh/a]

Eafter Energy consumption of industrial process after implementation of
energy efficiency measure [kWh/a]

Poefore Industrial production volume in wunits of production before
implementation of energy efficiency measure

Patter Industrial production volume in wunits of production after
implementation of energy efficiency measure

Baseline

Energy consumption of a process or equipment for one production unit (or combined
volume of units)

Values
Lifetime of the measure in years (default or project specific)

Energy consumption of industrial process before implementation of energy efficiency
measure (project specific)

Energy consumption of industrial process after implementation of energy efficiency
measure (project specific)

Industrial production volume in units of production before implementation of energy
efficiency measure (project specific)

Industrial production volume in units of production after implementation of energy
efficiency measure (project specific)

IX.I.I Guidance for identification of default values

Lifetime of the measure: depending on the implemented measure, reference
can be made to the document “Recommendations on Measurement and
Verification Methods in the framework of Directive 2006/32/EC on Energy End-
Use Efficiency and Energy Services”, page 85-87°".

Energy consumption before and after implementation of the measure:
company specific data (measured data).

Industrial production volume: company specific data (measured data)

3" Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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X Introduction of energy management
systems

Energy savings resulting from the introduction of a computerized system for
managing energy, from introducing the ISO 50001 standard or other
management system standards, are calculated based on the annual final energy
consumption (separately for electricity and heating energy) prior to the
introduction of the energy management system.

Savings of final energy are calculated according to the equation below. When
applying the formula, attention needs to be paid to the following:

The method may focus on specific usages only and not necessarily on the
total final energy consumption of the company, especially when the energy
management system only targets specific usages (e.g. lighting, cooling). In
such cases, the total final energy consumption only refers to the
consumption of the specific usage. The same applies when the energy
management only focusses on specific energy carriers (e.g. gas).

Other factors that influence the final energy consumption of the company
need to be taken into consideration before claiming energy savings from this
measure (e.g. development of the number of employees compared to the
base period, changes in production, heated floor area).

Attention shall be paid that no double counting occurs when the introduction
of the energy management system has led to an investment (e.g.
modernization of the lighting system by introducing an energy efficient
system). In such case, the savings shall only be claimed from one of the
measures.

The energy management system shall be implemented by a qualified energy
manager or similar experts.
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Bottom-up formula

TFES = FECy, =7y + FECy 1y

Definition

TFES Total Final Energy Savings [kWh/a]

FECg, Final energy consumption for electricity [kWh/a] in a company in
the last year before the introduction of the energy management
system

e Savings factor for electricity resulting from the introduction of the
energy management system

FECH Final energy consumption for heating [kWh/a] in a company in the
last year before the introduction of the energy management
system

'y Savings factor for heating resulting from the introduction of the
energy management system

Baseline

Energy consumption before the introduction of the energy management system.

The final energy consumption should be corrected with the relevant heating degree
days / cooling degree days. In addition, the data shall further be normalized if
necessary (e.g. if heated floor area expands).

Values:
Lifetime of the measure in years (default or project specific)

Final energy consumption for electricity in the last year before the introduction of the
energy management system (project specific)

Savings factor for electricity resulting from the introduction of the energy
management system (default or project specific)

Final energy consumption for heating in the last year before the introduction of the
energy management system (project specific)

Savings factor for heating resulting from the introduction of the energy management
system (default or project specific)
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X.I.I Guidance for identification of default values

Lifetime of the measure: depending on the implemented measure, reference
can be made to the document “Recommendations on Measurement and
Verification Methods in the framework of Directive 2006/32/EC on Energy End-
Use Efficiency and Energy Services”, page 86%.

Final energy consumption for electricity or heating in the last year before
the introduction of the energy management system: it is recommended to
use a project specific value.

Savings factor for electricity and heating: if national empirical values are
available, these shall be used. Studies carried out in Austria and Germany show
savings of approximately 2,8% per year resulting from the introduction of energy
management systems.

IREES & Fraunhofer ISI (2010): Evaluation des Fdrderprogramms
~Energieeffizienzberatung”® als eine Komponente des Sonderfonds'
Energieeffizienz in kleinen und mittleren Unternehmen (KMU)?*°, page 70.
http://www.isi.fraunhofer.de/isi-
wAssets/docs/e/de/publikationen/evaluation-foerderprogramm-
energieeffizienzberatung.pdf

AEA, KEC, OEKV (2010): Energiemanagement fur Osterreich - Bericht zur
Auswertung der Ergebnisse der Pilotstudie — Potenzialabschitzung®®. Page
24:
http://www.energyagency.at/fileadmin/dam/pdf/projekte/industrie/EM201
0 Bericht zur Potenzialanalyse.pdf

*® Download: https://www.energy-community.org/pls/portal/docs/906182.PDF

3 English: Evaluation of the funding programme ,,Energy efficiency advice” as a component of the special fund
»energy efficiency in small and medium enterprises”.

a0 Energy management in Austria — evaluation report of the pilot study — assessment of the energy saving
potential.
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X1 Heat pumps

Target sector: households (residential buildings)

The methods described hereunder refer to the installation of soil-, water and air-
source heat pumps in new as well as existing residential buildings. They apply to
single-family homes, multi-family homes and apartment blocks.

Attention has to be paid to the fact that the methods described below target
exclusively the installation of heat pumps in buildings. The improvement of the
building shell, be it through applying higher energy efficiency standards than
requested to newly constructed buildings or refurbishing existing buildings
thermally, at the same time as installing heat pumps is not covered by the
methods in this section.

The method provides for evaluating the energy savings derived from the
installation of soil, water- or air-source heat pumps in newly constructed
residential buildings. An average heating system for producing heat and hot water
serves as reference system.

When applying the formula, the following conditions have to be met:

The criteria for the minimum Seasonal Performance Factor (SPF) according
to Annex VII of the Renewable Energy Directive 2009/28/EC must be
taken into account.

When installing the heat pump, all technical prerequisites for the optimal
functioning of the heat pump have to be met.
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Bottom-up formula for single-family homes

Option 1:

TFES = A + ({SHD + HWD) = EFg.;s — (SHD + HWD) » EP;—;';'J)

Option 2:
TFES = A (SHD + HWD _SHD +HWD]

Naef Neff
Definition
TFES Total Final Energy Savings [kWh/a]
A Conditioned gross floor area of the newly constructed building [m?]
SHD Specific Space Heating Demand [kWh/m?2/a]
HWD Specific Domestic Hot Water Demand [kWh/m2/a]
EFger Expenditure Factor of the reference heating system
EFes Expenditure Factor of the efficient heating system
INRef Annual use efficiency of the reference heating system
NEfE Annual use efficiency of the efficient heating system
Baseline

Average heating system producing heat and hot water.

The space heating demand values should be corrected with the relevant heating degree
days.

Values:
Lifetime of the measure in years (default or project specific)

Conditioned gross floor area of the newly constructed building (default or project
specific)

Specific Space Heating Demand (default or project specific)

Specific Domestic Hot Water Demand (default or project specific)

Expenditure Factor of the reference heating system (default or project specific)
Expenditure Factor of the efficient heating system (default or project specific)
Annual use efficiency of the reference heating system (default or project specific)
Annual use efficiency of the efficient heating system (default or project specific)
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Bottom-up formula for multi-family homes and apartment blocks

Option 1:

TFES =n=Apy * | (SHD + HWD) = EFy.- — (SHD + HWD) = EFz )
T IT

Option 2:
PFES = n s Agy » (SHD + HWD _.SHD +HWD]
Naef Neff
Definition
TFES Total Final Energy Savings [kWh/a]
n Number of building units concerned
Apu Conditioned gross floor area of the building unit located in the newly
constructed building and supplied by the heat pump
SHD Specific Space Heating Demand [kWh/m?2/a]
HWD Specific Domestic Hot Water Demand [kWh/m2/a]
EFger Expenditure Factor of the reference heating system
EFes Expenditure Factor of the efficient heating system
MNRef Annual use efficiency of the reference heating system
TEfe Annual use efficiency of the efficient heating system
Baseline

Average heating system producing heat and hot water.

The space heating demand values should be corrected with the relevant heating degree
days.

Values:
Lifetime of the measure in years (default or project specific)
Number of building units concerned (project specific)

Conditioned gross floor area of the building unit located in the newly constructed
building (default or project specific)

Specific Space Heating Demand of the building unit (default or project specific)
Specific Domestic Hot Water Demand (default or project specific)

Expenditure Factor of the reference heating system (default or project specific)
Expenditure Factor of the efficient heating system (default or project specific)
Annual use efficiency of the reference heating system (default or project specific)
Annual use efficiency of the efficient heating system (default or project specific)
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XI.I.I Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related to buildings and heating systems, a model building needs to be
defined, specifying an average value of the conditioned floor area per building
type, an average space heating demand per building type (reference and energy
efficient building), an average hot water demand per building unit and the
efficiency of the heating system based on assumptions made related to the
heating structure of the country.

However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
85*. Alternatively, the lifetime may be determined based on national empirical
values.

Conditioned gross floor area of newly constructed residential building
(average value) connected to the district heating grid: values for
determining the conditioned gross floor area are to be defined in the model
building. The average gross floor area may be calculated based on national
statistics on newly constructed residential buildings or may be available from
analyses of energy certificates, buildings databases etc.

Specific Space Heating Demand (average value): values for determining the
specific space heating demand are to be defined in the model building.

The average specific space heating demand may be taken from the national
building code or may be determined by considering more ambitious regulations
on the heating demand of new buildings for example as set in subsidy guidelines.

Average values for the specific space heating demand may also be available from
national empirical studies, analyses of energy certificates, buildings databases
etc.

Specific Domestic Hot Water Demand (average value): values for
determining the specific domestic hot water demand are to be defined in the
model building. It is calculated based on the building's gross floor area and the

“! Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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efficiency of the heating system providing not only space heating but also hot
water. The efficiency of the heating system is determined by the efficiency of the
heating system, the distribution losses and energy demand of auxiliary systems.

Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

The efficiency of the heating system shall be determined in the model building for
the reference and/or efficient heating system. EU Member States may have set
default values for the efficiency of the heating system when implementing the
Energy Performance Building Directive and consequently the energy performance
certificate.

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.
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The method provides for evaluating the energy savings derived from the
installation of soil, water- or air-source heat pumps in existing refurbished
residential buildings. An average heating system for producing heat and hot water
serves as reference system.

When applying the formula, the following conditions have to be met:
The criteria for the minimum Seasonal Performance Factor (SPF) according

to Annex VII of the Renewable Energy Directive 2009/28/EC must be
taken into account.

When installing the heat pump, all technical prerequisites for the optimal
functioning of the heat pump have to be met.

Bottom-up formula for single-family homes

Option 1:

TFES = A » (r;sm:n + HWD) = EFg ;s — (SHD + HWD) » EP;—;;J)

Option 2:
TFES = 4 (SHD + HWD B SHD + HWD )

Nref Neff
Definition
TFES Total Final Energy Savings [kWh/a]
A Conditioned gross floor area of the existing building [m?]
SHD Specific Space Heating Demand [kWh/m2/a]
HWD Specific Domestic Hot Water Demand [kWh/m?/a]
EFger Expenditure Factor of the reference heating system
EFes Expenditure Factor of the efficient heating system
MNRef Annual use efficiency of the reference heating system
TEfe Annual use efficiency of the efficient heating system
Baseline

Average heating system producing heat and hot water.

The space heating demand values should be corrected with the relevant heating degree
days.
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Values:
Lifetime of the measure in years (default or project specific)

Conditioned gross floor area of the newly constructed building (default or project
specific)

Specific Space Heating Demand (default or project specific)

Specific Domestic Hot Water Demand (default or project specific)

Expenditure Factor of the reference heating system (default or project specific)
Expenditure Factor of the efficient heating system (default or project specific)
Annual use efficiency of the reference heating system (default or project specific)
Annual use efficiency of the efficient heating system (default or project specific)

Bottom-up formula for multi-family homes and apartment blocks

Option 1:

TFES =n=Apy = | (SHD + HWD) = EFg.¢ — (SHD + HWD) = EFgs)
T IT

Option 2:
(SHD + HWD SHD + Hl-t’.i'_)]

TFES = nApy * -

Naef Neff
Definition
TFES Total Final Energy Savings [kWh/a]
n Number of building units concerned
Apy Conditioned gross floor area of the building unit located in the

existing building and supplied by the heat pump
SHD Specific Space Heating Demand [kWh/m2/a]
HWD Specific Domestic Hot Water Demand [kWh/m?/a]
EFRes Expenditure Factor of the reference heating system
EFes Expenditure Factor of the new heating system
MNRef Annual use efficiency of the reference heating system
TEfe Annual use efficiency of the efficient heating system
Baseline

Average heating system producing heat and hot water.

The space heating demand values should be corrected with the relevant heating degree
days.
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Values:
Lifetime of the measure in years (default or project specific)
Number of building units concerned (project specific)

Conditioned gross floor area of the building unit located in the newly constructed
building (default or project specific)

Specific Space Heating Demand of the building unit (default or project specific)
Specific Domestic Hot Water Demand (default or project specific)

Expenditure Factor of the reference heating system (default or project specific)
Expenditure Factor of the efficient heating system (default or project specific)
Annual use efficiency of the reference heating system (default or project specific)

Annual use efficiency of the efficient heating system (default or project specific)

XI.II.I Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related to buildings and heating systems, a model building needs to be
defined, specifying an average value of the conditioned floor area per building
type, an average space heating demand per building type (reference and energy
efficient building), an average hot water demand per building unit and the
efficiency of the heating system based on assumptions made related to the
heating structure of the country.

However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
852, Alternatively, the lifetime may be determined based on national empirical
values.

Conditioned gross floor area of the thermally refurbished residential
building (average value): values for determining the conditioned gross floor
area are to be defined in the model building. The average gross floor area may be
calculated based on national statistics on buildings for buildings in stock or may
be available from analyses of energy certificates, buildings databases etc.

2 Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Specific Space Heating Demand (average value): values for determining the
specific space heating demand are to be defined in the model building.

Average values for the specific space heating demand of thermally refurbished
buildings may be available from national empirical studies, analyses of energy
certificates, buildings databases etc.

The space heating demand may also be determined by subsidy guidelines,
specifying a certain thermal quality to be reached when applying for subsidies for
thermal refurbishment.

Specific Domestic Hot Water Demand (average value): values for
determining the specific domestic hot water demand are to be defined in the
model building. It is calculated based on the building's gross floor area and the
efficiency of the heating system providing not only space heating but also hot
water. The efficiency of the heating system is determined by the efficiency of the
heating system, the distribution losses and energy demand of auxiliary systems.

Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

The efficiency of the heating system shall be determined in the model building for
the reference and/or efficient heating system. EU Member States may have set
default values for the efficiency of the heating system when implementing the
Energy Performance Building Directive and consequently the energy performance
certificate.

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.
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XII Heating system improvement

Target sector: households (residential buildings) and services (nhon-residential
buildings)

This section provides a method for the calculation of energy savings resulting
from the partial or complete improvement of the heating system. In addition, it
provides methods for calculating savings related to:

Improved thermal insulation of hot water tanks
Thermal insulation of pipes in the heating system

Installation of thermostatic valves on radiators

The formula for heating system improvements may be applied to residential and
non-residential buildings. The savings calculation may consider the following
options:

New installation and replacement of boilers:

o Regular replacement of existing boilers after the end of their lifetime
with new boilers being more energy efficient than the old ones;

o Early replacement of defect old boilers (instead of repair) and
installation of new boilers being more energy efficient;

o Early replacement of existing boilers and installation of new boilers
being more energy efficient;

o New buildings: installation of boilers being more efficient than the
standard one.

Partial or complete replacement of the heaters
Partial or complete replacement or improvement of distribution network

New installation or improvement of control system

The method also allows for calculating the energy savings of the different heat
subsystems (generation, distribution, and emission, each including its controls)
by comparing the system losses and defining system performance factors.
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The annual energy savings should be referred to end-use actions related to the
installation of condensing boilers with modulated burners operating with a return-
water temperature not exceeding 60°C which can be associated or not with an
improvement in heat distribution.

Bottom-up formula

Option 1:
TFES = A= 5SHD = (EFp.; — EFzif)

L

Option 2:

1 1
TFES = A «5HD = -—
Men Mep

Nro = Tirb Nre Tird
Nep = Neb MNee MNed

Definition

TFES Total Final Energy Savings [kWh/a]

A Conditioned gross floor area of the building [m?2]
SHD Specific Heating Demand [kWh/m?a]

EFgrer Expenditure Factor of the reference heating system
EFes Expenditure Factor of the new heating system

ep Annual use efficiency of replaced heating system
Nep Annual use efficiency of condensing heating system
Nrb Annual use efficiency of replaced boiler

Nre Annual use efficiency of replaced heaters

Nrd Annual use efficiency of replaced distribution system
Neb Annual use efficiency of efficient new boiler

Nee Annual use efficiency of new heaters

Ned Annual use efficiency of efficient distribution system
Baseline

Replacement of the boiler at the end of its lifetime: market average of an energy
inefficient boiler.

Anticipated replacement: market average of an energy inefficient boiler or of boilers in
stock.

New installation: market average of an energy inefficient boiler or of boilers in stock.

The space heating demand values should be corrected with the relevant heating degree
days.
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Values:

Lifetime of the measure in years (default or project specific values)

Specific Heating Demand (default or project specific values)

Conditioned gross floor area of the building (default or project specific values)
Expenditure Factor of the reference heating system (default or project specific)
Expenditure Factor of the new heating system (default or project specific)

Annual use efficiency of replaced heating system (with participating parts) (default or
project specific values)

Annual use efficiency of condensing heating system (with participating parts) (default or
project specific values)

XII.I.I Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related buildings and heating systems, a model building needs to be
defined, specifying the conditioned floor area of the different building types, an
average space heating demand per building type (reference and energy efficient
building), an average hot water demand per building unit and the efficiency of the
heating system based on assumptions made related to the heating structure of
the country.

However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: the document “Saving lifetimes of Energy Efficiency
Improvement Measures in bottom-up calculations Final CWA draft (CEN WS 27)”
defines the following lifetimes*’:

Boilers 17 years (default)
Heating control 5 years (default)
Heat reflecting radiator panels 18 years (harmonized)
Insulation of hot water pipes >25 years (harmonized)
Replacement of hot water storage tank 15 years (harmonized)

Alternatively, the lifetime may be determined based on national empirical values.

Specific Heating Demand: values for determining the specific space heating
demand are to be defined in the model building.

3 http://energie.wallonie.be/servlet/Repository/CWA 27 final draft .PDF?IDR=7973
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For newly constructed buildings, the average specific space heating demand of
the reference building may be taken from the national building code or may be
determined by considering more ambitious regulations on the heating demand of
new buildings for example as set in subsidy guidelines.

For buildings in stock, the average specific space heating demand may be
calculated based on national statistics such as energy balance, useful energy
balance and statistics on buildings. Alternatively, average values for a specific
space heating demand for different building types - whether they are thermally
refurbished or not — may be available from national empirical studies, analyses of
energy certificates, buildings databases etc. For selected European countries
(mostly EU Member States), reference can also be made to the EU-funded
projects TABULA and EPISCOPE (http://episcope.eu/welcome/) where national
building typologies representing the residential building stock have been
developed. For thermally refurbished buildings, the space heating demand may
also be determined by subsidy guidelines, specifying a certain thermal quality to
be reached when applying for subsidies for thermal refurbishment.

Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Reference may be made to the document “EMEEES bottom-up case
application 4: Residential condensing boilers in space heating”, page 14:
http://www.evaluate-energy-

savings.eu/emeees/downloads/EMEEES WP42 Method 4 resboilers 0806
09.pdf. Alternatively, the national empirical values can be used.
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Supplementary information may be sought under:

Domestic heating and hot water - Choice of fuel and system type, Good
Practice Guide, GPG 301: Domestic heating and hot water - Choice of
fuel and system type, Good Practice Guide, GPG 301:
http://www.perfectheatingandplumbing.com/Docs/gpg301 Dom Htg a

nd HW.pdf
Domestic Central Heating and Hot Water: Systems with Gas and OQil-
fired Boilers, GPG 284:

http://requlations.completepicture.co.uk/pdf/Energy%20Conservation/
Heating%20Systems%20-
%?20Boilers/Domestic%20central%?20heating%20and%?20hot%?20water
-%20systems%20with%?20gas%20and%?200il-fired%20boilers%20-.pdf

Controls for domestic Central Heating and Hot Water, GPG 302:
http://www.draytoncontrols.co.uk/uploadedFiles/Drayton/Industry Reg
ulation/Good Practise Guide 302 ENG.pdf

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.
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When applying the formula, assumptions have to be made with regard to the
volume of the tank to be insulated (in litres), the insulation thickness in cm and
the location of the tank (heated or non-heated room).

The method can be applied to single- and multi-family homes as well as to
apartment blocks.

Bottom-up formula for single-family homes

Option 1:

TFES =n * (Qioes—oig — Qross—new) * EF

Option 2:
TFES = @108z —o1d — Qigss —new

N
Definition
TFES Total Final Energy Savings [kWh/a]
n Number of insulated tanks
Qioss-old Yearly heat loss of a non-insulated tank [kWh/a]
Qioss-new Yearly heat loss of a well-insulated tank [kWh/a]
EF Expenditure factor of the heating system in place
n Annual use efficiency of the existing heating system
Baseline

Yearly heat loss of a poorly insulated tank

Values:

Lifetime of the measure in years (default or project specific)

Number of insulated tanks (project specific)

Yearly heat loss of a poorly insulated tank (default or project specific)

Yearly heat loss of an insulated tank (default or project specific)

Expenditure Factor of the heating system in place (default or project specific)

Annual use efficiency of the existing heating system (default or project specific)
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XII.II.I Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related to buildings and heating systems, a model building needs to be
defined, specifying an average value of the conditioned floor area per building
type, an average space heating demand per building type (reference and energy
efficient building), an average hot water demand per building unit and the
efficiency of the heating system based on assumptions made related to the
heating structure of the country.

However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: reference can be made to the document
“Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
85%. Alternatively, the lifetime may be determined based on national empirical
values.

Yearly heat loss of the tank (poorly insulated and well insulated):
information about the heat loss of tanks may be sought from producers of warm
water tanks.

Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:

o Space heating demand (plus domestic hot water demand) and

4 Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

The efficiency of the heating system shall be determined in the model building for
the reference and/or efficient heating system. EU Member States may have set
default values for the efficiency of the heating system when implementing the
Energy Performance Building Directive and consequently the energy performance
certificate.

The method can be applied to residential and non-residential buildings.

Bottom-up formula

(Qinie — Grewd # L« HD = 24 = ¢
TFES = Binit — Tnew

1000
Definition
TFES: Total Final Energy Savings [kWh/a]
Qinit Initial pipe heat loss [W/m]
Qnew Pipe heat loss after thermal insulation [W/m]
L Length of insulated pipes [m]
o Intermittency coefficient depending on not continuous operation of
the heating system
HD Heating Days
Baseline

New installation: the q value of the heat loss of pipes with thermal insulation is
compared to the existing q value of the heat loss.

Values:

Lifetime of the measure in years (default or project specific)
Initial pipe heat loss (default or project specific)

Pipe heat loss after thermal insulation (default or project specific)
Length of insulated pipes (project specific)

Intermittency coefficient (default or project specific)

Heating Days (default)
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XII.III.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
85%. Alternatively, the lifetime may be determined based on national empirical
values.

Initial pipe heat loss: National empirical or statistical values may be used. The
heat losses are calculated according to EN 15316-2-3.

Pipe heat loss after thermal insulation: National empirical or statistical values
may be used. The heat losses are calculated according to EN 15316-2-3.

Intermittency coefficient: National empirical or statistical values may be used.
Intermittency coefficient is calculated according to EN ISO 13790.

Heating Days: Heating Days figures may be available either at the national
meteorological institute or at the national statistical office.

> Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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The method is valid for new installation of thermostatic valves on radiators
without thermostatic valves. It can be applied to residential and non-residential
buildings.

It shall be noted that the same formula as provided for the calculation of energy
savings from the installation of thermostatic valves on radiators can be applied
for calculating energy savings from making the whole heating system (heat
generation, distribution and emission) or only part of it more energy efficient
(heat generation or heat distribution or heat emission).

Bottom-up formula

TFES = A+ SHD » ;( = 1)
Nooilsr * Ndiz  “Mimi Tmew
Definition
TFES: Total Final Energy Savings [kWh/a]
SHD Specific heating demand of the building [kWh/m?/a]
A Conditioned gross floor area [m?2]
Nboiler Annual use efficiency of heat generation
Ndis Annual use efficiency of heat distribution
Nini Annual use efficiency of initial heat emission
Nnew Annual use efficiency of hew heat emission
Baseline

New installation: the n value of the heat emission efficiency with thermostatic valves is
compared to the n value of the heat emission efficiency without thermostatic valves.
The space heating demand values should be corrected with the relevant heating degree
days.

Values:

Lifetime of the measure in years (default or project specific)

Specific Heating Demand of the building (default or project specific)
Conditioned gross floor area (default or project specific)

Annual use efficiency of heat generation (default or project specific)
Annual use efficiency of heat distribution (default or project specific)
Annual use efficiency of initial heat emission (default or project specific)
Annual use efficiency of new heat emission (default or project specific)
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XII.IV.I Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related buildings and heating systems, a model building needs to be
defined, specifying the conditioned floor area of the different building types, an
average space heating demand per building type (reference and energy efficient
building), an average hot water demand per building unit and the efficiency of the
heating system based on assumptions made related to the heating structure of
the country.

However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: reference can be made to the document
“Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
85%. Alternatively, the lifetime may be determined based on national empirical
values.

Specific Heating Demand of the Building: values for determining the specific
space heating demand are to be defined in the model building.

For newly constructed buildings, the average specific space heating demand of
the reference building may be taken from the national building code or may be
determined by considering more ambitious regulations on the heating demand of
new buildings for example as set in subsidy guidelines.

For buildings in stock, the average specific space heating demand may be
calculated based on national statistics such as energy balance, useful energy
balance and statistics on buildings. Alternatively, average values for a specific
space heating demand for different building types - whether they are thermally
refurbished or not — may be available from national empirical studies, analyses of
energy certificates, buildings databases etc. For selected European countries
(mostly EU Member States), reference can also be made to the EU-funded
projects TABULA and EPISCOPE (http://episcope.eu/welcome/) where national
building typologies representing the residential building stock have been
developed. For thermally refurbished buildings, the space heating demand may
also be determined by subsidy guidelines, specifying a certain thermal quality to
be reached when applying for subsidies for thermal refurbishment.

“¢ Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Heat generation efficiency / Heat distribution efficiency / Heat emission
efficiency: reference can be made to the document “EMEEES bottom-up case
application 4: Residential condensing boilers in space heating”, page 14:

http://www.evaluate-energy-
savings.eu/emeees/downloads/EMEEES WP42 Method 4 resboilers 080609.pdf.

Alternatively or complementary, national (empirical) values can be used.

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.
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XIII Industrial Motors

Target sector: industry

Measures related to industrial motors comprise the replacement of electric motor
drives, the use of rotational electrical motors and the installation of variable
speed drives (VSDs).

In order to decrease the energy consumption of electric motor drives in industry,
an existing electric motor drive is replaced with a more efficient one. The other
system components (control, load) remain the same.

The formula below can only be applied for calculating the savings of exactly
identical motor drives and identical use patterns. If the technical data or the field
of use varies between the motor drives, the bottom-up formula cannot be applied
and the energy savings have to be calculated separately.

Bottom-up formula

1 1
TFES =Fst=f = * Ny

Neer  Merr
Definition
TFES Total Final Energy Savings [kWh/a]
P Electrical power of the installed motor drive [kW]
t Average yearly operating hours [h/a]
fi Average load factor [%]
Nref Efficiency of the replaced motor drive [%]
Neff Efficiency of the new motor drive [%]
Nm Number of identical electric motors replaced
Baseline

The baseline is an existing electric motor drive (e.g. IE1).
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Values:

Lifetime of the measure (default or project specific)
Electrical power of the installed motor drive (project specific)
Average yearly operating hours (default or project specific)
Average load factor (default or project specific)

Efficiency of the replaced motor drive (project specific)
Efficiency of the new motor drive (project specific)

Number of identical electric motors replaced (project specific)

XIII.I.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
874,

Electrical power of the installed motor drive: a project specific value; the
value can be found in the datasheet of the motor drive.

Average yearly operating hours: project specific value; the number of
operating hours varies between the different areas of application. However,
default values can be found in the EUP Lot 11: http://www.eup-
network.de/fileadmin/user upload/Produktgruppen/Lots/Final Documents/Lotl1
Motors FinalReport.pdf.

Average load factor: a project specific value; default values can be found in the
EUP Lot 11: http://www.eup-
network.de/fileadmin/user upload/Produktgruppen/Lots/Final Documents/Lot11
Motors FinalReport.pdf.

Efficiency of the replaced motor drive: project specific value; the value can
be found in the datasheet of the replaced motor drive.

Efficiency of the new motor drive: project specific value; the value can be
found in the datasheet of the new motor drive.

Minimum requirements for the efficiency of motor drives can be found in the EU
Regulation 640/2009 with regard to eco-design requirements for electric motors:

*” Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32009R0640&from=EN.

Number of identical electric motors replaced: project specific value.

Motors that run many hours per year at light loading, e.g. below 20%, should be
replaced by smaller energy efficient motors. Therefore, savings achieved result
from the resizing of the motor. In order to account for energy savings from this
measure, a minimum level of energy performance of the motor has to be met: it
is suggested that the motor runs above 20% of its rated power most of the time.

Bottom-up formula

TFES = (P:-'sef *frer  Feer * f:.‘e,r')x -
Naef Nefs
Definition
TFES Total Final Energy Savings [kWh/a]
Pref Mechanical power of the existing motor [kW]
Pese Mechanical power of the resized motor [kW]
t Average yearly operating hours [h/a]
fref Average load factor of existing motor [%]
feer Average load factor of resized motor [%]
Nref Efficiency of the standard motor [%]
Nef Efficiency of the energy efficient, resized motor [%]
n Number of equal rotational electrical motors replaced by equal
energy efficient, resized motors
Baseline

New sales: IE1 (almost equivalent to EFF2 motors).
Replacement of inefficient motors: EEF3.

It is recommended to reconsider the original baselines after three years to make them
dynamic and reflect autonomous change in market and stock values of energy
efficiency.
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Values:

Lifetime of the measure in years (default or project specific)
Mechanical power of the existing motor (project specific)
Mechanical power of the resized motor (project specific)

Average yearly operating hours (default or project specific)

Average load factor of existing motor (default or project specific)
Average load factor of the resized motor (default or project specific)
Efficiency of the standard motor (project specific)

Efficiency of the energy efficient, resized motor (project specific)

Number of equal rotational electrical motors replaced by equal energy efficient, resized
motors (project specific)

XIII.II.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
8748,

Mechanical power of the installed motor: project specific value; the value can
be found in the datasheet of the motor.

Average yearly operating hours: project specific value; the number of
operating hours varies between the different areas of application. However,
default values can be found in the EUP Lot 11: http://www.eup-
network.de/fileadmin/user upload/Produktgruppen/Lots/Final Documents/Lot11
Motors FinalReport.pdf.

Average load factor: a project specific value; default values can be found in the
EUP Lot 11: http://www.eup-
network.de/fileadmin/user upload/Produktgruppen/Lots/Final Documents/Lot11
Motors FinalReport.pdf.

Efficiency of the standard motor: project specific value; the value can be
found in the datasheet of the standard motor.

“*8 Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Efficiency of the energy efficient motor: project specific value; the value can
be found in the datasheet of the new motor.

Minimum requirements for the efficiency of motor drives can be found in the EU
Regulation 640/2009 with regard to eco-design requirements for electric motors:
http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32009R0640&from=EN.

Energy efficiency standards are also set in the international standard IEC 60034-
30.

Number of identical electric motors replaced: project specific value.

In order to decrease the energy consumption of electric motor drives in industry,
existing motor drives are equipped with variable speed drives. The motor drive
and the load remain the same. Only the control unit is replaced. The formula is
valid for pump and ventilation systems.

The formula below can only be applied for calculating the savings of exactly
identical VSDs and identical use patterns. If the technical data or the field of use
varies between the VSDs, the bottom-up formula cannot be applied and the
energy savings have to be calculated separately.

Bottom-up formula

1
TFES = P st s fyop #— *fysp
1

Definition

TFES Total Final Energy Savings [kWh/a]

P Electrical power of the installed motor drive [kW]

t Average yearly operating hours [h/a]

fusp Energy saving factor due to installation of a VSD [%]
n Efficiency of the installed motor drive [%]

Nvsp Number of variable speed drives installed

Baseline

The baseline system is an existing electric motor drive (e.g. IE1) with a mechanical
control.
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Values:

Lifetime of the measure in years (default or project specific)

Electrical power of the installed motor drive (project specific)

Average yearly operating hours (default or project specific)

Energy saving factor due to installation of a VSD (default or project specific)
Efficiency of the installed motor drive (project specific)

Number of VSDs installed (project specific)

XIII.III.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
87%.

Electrical power of the installed motor drive: project specific value; the
value can be found in the datasheet of the motor drive.

Average yearly operating hours: project specific value; the number of
operating hours varies between the different areas of application. However,
default values can be found in the EUP Lot 11: http://www.eup-
network.de/fileadmin/user upload/Produktgruppen/Lots/Final Documents/Lot11
Motors FinalReport.pdf.

Energy saving factor due to installation of a VSD: project specific value;
default values can be found in the EUP Lot 11: http://www.eup-
network.de/fileadmin/user upload/Produktgruppen/Lots/Final Documents/Lotl1
Motors FinalReport.pdf.

Efficiency of the installed motor drive: project specific value; the value can
be found in the datasheet of the motor drive.

Number of VSDs installed: project specific value.

9 Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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XIV  Lighting

Target sectors: households (residential buildings), public and private services
(non-residential buildings incl. hotels and gastronomy), public sector (street
lighting), industry.

Bottom-up methods for lighting aim at the replacement of energy inefficient
lamps (conventional light bulbs until their total phase-out, halogen lamps) with
energy efficient ones (CFL, LED). The measures target the following areas:

Residential buildings (households),

Private and public service buildings (offices, hotels & gastronomy),
Street lighting and

Lighting in industrial buildings.

The measure aims at the replacement of energy inefficient lamps in households
with energy saving lamps or LEDs.

Bottom-up formula

n= I:Psmric Average — Paest ‘-IcricﬂrFrnrrnrﬁdj =T
TFES = AVETAgE 5 TArE, £

1000
Definition
TFES: Total Final Energy Savings [kWh/a]
n Number of lamps replaced/sold
Pstock_Average Power average of existing lamp [W]

Pgest_Market_promoted POWer of the market promoted efficient lamp [W]

t Average yearly operating hours [h/a]

Baseline

Average power input of stock of conventional/inefficient lighting system (halogen lamps
as conventional light bulbs have been phased out through the EU Regulation 244/2009).
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Values:

Lifetime of the measure in years (default or project specific)

Number of lamps replaced/sold (project specific)

Power average of the existing lamp (default or project specific)

Power of the market promoted efficient lamp (default or project specific)
Average yearly operating hours (default or project specific)

XIV.I.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
85°%, Alternatively, the lifetime of energy efficient lamps may be determined
based on their average yearly operating hours and/or in consultation with the
respective guild.

Power average of the existing light bulb: the reference lamp and its power
average have to be determined. To define the lamp’s power average, sales data
of this type of lamp may be analysed or lamp manufacturers be consulted.

Power average of the market promoted efficient lamp: the market
promoted efficient lamp (e.g. LED, Energy Saving Lamp (ESL)) and its power
average have to be determined. To define the lamp’s power average, sales data
of this type of lamp may be analysed or lamp manufacturers be consulted. The
energy efficiency minimum requirements as specified in the EU regulations for
eco-design have to be considered.

Average yearly operating hours: may be determined based on standard
values and/or in consultation with the respective industry.

Supplementary information may be sought under:

Regulation (EC) No 244/2009: eco-design requirements for non-directional

household lamps: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:076:0003:0016:
en:PDF

** Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Regulation (EC) No 859/2009: amending Regulation (EC) No 244/2009:
http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:247:0003:0005:
en:PDF

Regulation (EC) No 245/2009: eco-design requirements for fluorescent
lamps without integrated ballast, for high intensity discharge lamps, and
for ballasts and Iluminaires able to operate such lamps: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:076:0017:0044:
en:PDF

Regulation (EC) No 347/2010: amending Regulation (EC) No 245/2009:
http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32010R0347&from=EN

Regulation (EU) No 1194/2012: eco-design requirements for directional
lamps, light emitting diode lamps and related equipment: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1:2012:342:0001:0022:
en:PDF

An overview of the Eco-design regulations of the EU can be found under:
https://ec.europa.eu/energy/sites/ener/files/documents/list of ecodesign measu

res.pdf

An overview of the Eco-labelling regulations of the EU can be found under:
https://ec.europa.eu/energy/sites/ener/files/documents/list of enegy labelling

measures.pdf

96 Lighting


http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:247:0003:0005:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:247:0003:0005:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:247:0003:0005:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:076:0017:0044:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:076:0017:0044:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:076:0017:0044:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:342:0001:0022:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:342:0001:0022:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:342:0001:0022:en:PDF
https://ec.europa.eu/energy/sites/ener/files/documents/list_of_ecodesign_measures.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/list_of_ecodesign_measures.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/list_of_enegy_labelling_measures.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/list_of_enegy_labelling_measures.pdf

The measure mainly applies to office buildings where the existing inefficient
lighting system is replaced with a new efficient lighting system.

Bottom-up formula

A= {Pﬁef — Pepp = Freg) =t

TFES = 1000
Definition
TFES: Total Final Energy Savings [kWh/a]
A Floor area of ofzfice building where lighting system has been
refurbished [m~]
Pref Installed lighting power before replacement per m? [W/m?]
Perr Installed lighting power after replacement per m? [W/m?]
Fred Reduction factor for additional measures (e.g. dimming)
Partial dimming
Interval timer
Occupancy sensor
Automatic adaption to daylight
t Average yearly operating hours [h/a]
Baseline

Average power input of the inefficient lighting system per m?

Values:
Lifetime of the measure in years (default or project specific)

Floor area of office building where lighting system has been refurbished (project
specific)

Installed lighting power before replacement per m? (default or project specific)
Installed lighting power after replacement per m? (default or project specific)
Reduction factor for additional measures (e.g. dimming) (default or project specific)

Average yearly operating hours (default or project specific)
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XIV.II.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
86°. Alternatively, the lifetime of energy efficient lamps may be determined
based on their average yearly operating hours and/or in consultation with the
respective guild.

Installed lighting power before replacement per m?: figures for the lighting
power per m? of the reference building may be defined in national standards,
studies or similar. Also, lighting specialists and/or industry representatives may
be consulted to determine such value. Alternatively, project-specific values can
be applied if a representative default value is difficult to determine.

Installed lighting power after replacement per m?: lighting specialists
and/or industry representatives may be consulted to determine such value. Also
project-specific values can be applied if a representative default value is difficult
to determine. Information about the most efficient lighting devices in non-
residential buildings may also be obtained from www.topten.eu.

Reduction factor for additional measures: the publication “Task 4.2:
harmonised bottom-up evaluation methods; Method 9, Improvement of lighting
systems (Tertiary Sector) - Final draft for consultation” states dimming values:
http://www.evaluate-energy-
savings.eu/emeees/en/countries/France/docs/EMEEES Method 9 Lighting final.p
df, page 50. Alternatively, project specific values may be used.

Average yearly operating hours: the publication “Task 4.2: harmonised
bottom-up evaluation methods; Method 9, Improvement of lighting systems
(Tertiary Sector) — Final draft for consultation” states a value of 2.580 hours for
office buildings:

http://www.evaluate-energy-
savings.eu/emeees/en/countries/France/docs/EMEEES Method 9 Lighting final.p
df, page 21. Alternatively, project specific values may be used.

Supplementary information may be sought under:

*! Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Regulation (EC) No 347/2010 amending Commission Regulation (EC) No
245/2009:
http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=0J1:L:2010:104:00
20:0028:EN:PDF

Regulation (EC) No 245/2009: eco-design requirements for fluorescent
lamps without integrated ballast, for high intensity discharge lamps, and
for ballasts and Iluminaires able to operate such lamps: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:076:0017:0044:
en:PDF

Regulation (EU) No 1194/2012: eco-design requirements for directional
lamps, light emitting diode lamps and related equipment. Download:
http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1:2012:342:0001:0022:
en:PDF

Regulation (EC) No 859/2009: amending Regulation (EC) No 244/2009:
http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:247:0003:0005:
en:PDF

Regulation (EC) No 244/2009: eco-design requirements for non-directional
household lamps:
http://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:076:0003:0016:
en:PDF

An overview of the Eco-design regulations of the EU can be found under:
https://ec.europa.eu/energy/sites/ener/files/documents/list of ecodesign measu
res.pdf

An overview of the Eco-labelling regulations of the EU can be found under:
https://ec.europa.eu/energy/sites/ener/files/documents/list of enegy labelling
measures.pdf
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http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:076:0003:0016:en:PDF
https://ec.europa.eu/energy/sites/ener/files/documents/list_of_ecodesign_measures.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/list_of_ecodesign_measures.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/list_of_enegy_labelling_measures.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/list_of_enegy_labelling_measures.pdf

The measure aims at the replacement of energy inefficient lamps with energy
saving lamps or LEDs.

Bottom-up formula

n= {Psmrk_.xwercge - Pﬁ“esr__‘-z‘cr'icer_ﬁrnmnred} =t

TFES = 1000

Definition

TFES: Total Final Energy Savings [kWh/a]

n Number of lamps replaced/sold
Pstock_Average Power average of the existing lamp [W]

Pgest Market_promoted POWEr of the market promoted efficient lamp [W]

t Average yearly operating hours [h/a]

Baseline

Average power input of stock of conventional/inefficient lighting system (halogen lamps
as conventional light bulbs have been phased out through the EU Regulation 244/2009).

Values:

Lifetime of the measure in years (default or project specific)

Number of lamps replaced/sold (project specific)

Power average of the existing lamp (default or project specific)

Power of the market promoted efficient lamp (default or project specific)

Average yearly operating hours (default or project specific)

XIV.III.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
85°2, Alternatively, the lifetime of energy efficient lamps may be determined
based on their average yearly operating hours and/or in consultation with the
respective guild.

*2 Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Power average of the existing light bulb: the reference lamp and its power
average have to be determined. To define the lamp’s power average, sales data
of this type of lamp may be analysed or lamp manufacturers be consulted.

Power average of the market promoted efficient lamp: the market
promoted efficient lamp (e.g. LED, Energy Saving Lamp (ESL)) and its power
average have to be determined. To define the lamp’s power average, sales data
of this type of lamp may be analysed or lamp manufacturers be consulted. The
energy efficiency minimum requirements as specified in the EU regulations for
eco-design have to be considered.

Average yearly operating hours: The publication “EMEEES bottom-up case
application 9: Improvement of Lighting Systems (Tertiary Sector)” lists on page
27 average yearly operating hours of lighting devices in tertiary buildings:
http://www.emeees.eu/emeees/downloads/EMEEES Method 9 Lighting final.pdf
Alternatively, the value may be determined based on standard values and/or in
consultation with the respective industry.

Supplementary information may be sought under:

Regulation (EC) No 244/2009: eco-design requirements for non-directional
household lamps:

http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:076:00
03:0016:en:PDF

Regulation (EC) No 859/2009: amending Regulation (EC) No 244/2009:
http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:247:00
03:0005:en:PDF

Regulation (EC) No 245/2009: eco-design requirements for fluorescent
lamps without integrated ballast, for high intensity discharge lamps, and
for ballasts and luminaires able to operate such lamps: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:076:0017:0044:
en:PDF

Regulation (EC) No 347/2010: amending Regulation (EC) No 245/2009:
http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32010R0347&from=EN

Regulation (EU) No 1194/2012: eco-design requirements for directional
lamps, light emitting diode lamps and related equipment: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1:2012:342:0001:0022:
en:PDF
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An overview of the Eco-design regulations of the EU can be found under:
https://ec.europa.eu/energy/sites/ener/files/documents/list of ecodesign measu
res.pdf

An overview of the Eco-labelling regulations of the EU can be found under:

https://ec.europa.eu/energy/sites/ener/files/documents/list of enegy labelling
measures.pdf

For improving the energy efficiency of street lighting systems, old inefficient
technologies are being replaced with efficient ones. In addition, the measure
provides for energy consumption for street lighting being further reduced by
implementing provisions for night setback of between 50% and 100% of
luminance intensity.

Bottom-up formula

TFES = ((Laer - Boor) = (Legy - Pepy - Fraa) ) -t

Definition

TFES Total Final Energy Savings [kWh/a]

Lref Number of light points of the energy inefficient street lighting

system

Les Number of light points of the energy efficient street lighting system

PRres Power output per light point of the energy inefficient system [W]

Pest Power output per light point of the energy efficient system [W]

Fred Reduction factor for additional measures (e.g. dimming)
Without night setback (0% power reduction)
Partial night setback (e.g. 50% power reduction, e.g.

between 11 pm and 6 am)

Complete Night setback (100% power reduction)

t Average yearly operating hours [h/a]

Baseline

Average installed lighting power in year XX
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Values:

Lifetime of the measure in years (default or project specific)

Number of light points of the energy inefficient street lighting system (project specific)
Power output per light point of the energy inefficient system (default or project specific)
Power output per light point of the energy efficient system (default or project specific)
Reduction factor for additional measures (default or project specific)

Average yearly operating hours (default or project specific)

XIV.IV.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
86°3. Alternatively, the lifetime may be determined based on the lighting system'’s
average yearly operating hours and/or in consultation with the respective guild.

Power output per light point of the lighting system (inefficient and
efficient): the respective lighting system and its average power output have to
be determined. Either project specific values may be applied or default values for
a specific power output per light point are determined (either through desk
research or in consultation with the lighting industry).

Reduction factor for additional measures: for determining the reduction
factor, the total daily operational time of the street lighting system (average
number for the whole year) has to be defined as well as the time period during
which the street lights are being dimmed on a daily basis.

Average yearly operating hours: is to be determined based on the total daily
operational time of the street lighting system (average number for the whole
year).

Supplementary information may be sought under:

Regulation (EC) No 245/2009: eco-design requirements for fluorescent
lamps without integrated ballast, for high intensity discharge lamps, and
for ballasts and Iluminaires able to operate such lamps: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:076:0017:0044:
en:PDF

>3 Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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An overview of the Eco-design regulations of the EU can be found under:
https://ec.europa.eu/energy/sites/ener/files/documents/list of ecodesign measu
res.pdf

An overview of the Eco-labelling regulations of the EU can be found under:

https://ec.europa.eu/energy/sites/ener/files/documents/list of enegy labelling
measures.pdf

For the measure energy efficient lighting in industrial buildings, it is assumed that
conventional inefficient lighting systems are being replaced with new efficient
lighting systems.

Bottom-up formula

(Pae — Pepp * Beg) =t

TFES = 1000 ®11

Definition

TFES: Total Final Energy Savings [kWh/a]

PRrer Installed lighting power before replacement [W]

Pess Installed lighting power after replacement [W]

Fred Reduction factor for additional measures (e.g. dimming)

Partial dimming
Interval timer
Motion sensor

Automatic adaption to day-light

t Average yearly operating hours [h/a]
n Number of lighting systems modernized
Baseline

Existing lighting power and operating hours are compared to new power and operating
hours.
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Values:

Lifetime of the measure in years (default or project specific)

Power output per light point of the energy inefficient system (default or project specific)
Power output per light point of the energy efficient system (default or project specific)
Reduction factor for additional measures (default or project specific)

Average yearly operating hours (default or project specific)

Number of lighting systems modernized (project specific)

XIV.V.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
85-86°*. Alternatively, the lifetime may be determined based on national
empirical values.

Power output per light point of the lighting system (inefficient and
efficient): the respective lighting system and its average power output have to
be determined. For that reason, either project specific values are used or default
values for a specific power output per light point are determined (either through
desk research or in consultation with the lighting industry).

Reduction factor for additional measures: reference can be made to the
document “EMEEES bottom-up case application 9: Improvement of Lighting
Systems (Tertiary  Sector)”, page 56: http://www.evaluate-energy-
savings.eu/emeees/downloads/EMEEES Method 9 Lighting final.pdf.

Alternatively, the lifetime may be determined based on national empirical values.

Average yearly operating hours: they may be determined based on standard
values and/or in consultation with the respective industry.

Supplementary information may be sought under:

Regulation (EC) No 245/2009: eco-design requirements for fluorescent
lamps without integrated ballast, for high intensity discharge lamps, and
for ballasts and luminaires able to operate such lamps: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J]:L:2009:076:0017:0044:
en:PDF

>* Download: https://www.energy-community.org/pls/portal/docs/906182.PDF

105 Lighting


http://www.evaluate-energy-savings.eu/emeees/downloads/EMEEES_Method_9_Lighting_final.pdf
http://www.evaluate-energy-savings.eu/emeees/downloads/EMEEES_Method_9_Lighting_final.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:076:0017:0044:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:076:0017:0044:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:076:0017:0044:en:PDF
https://www.energy-community.org/pls/portal/docs/906182.PDF

Regulation (EU) No 1194/2012: eco-design requirements for directional

lamps, light emitting diode lamps and related equipment: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2012:342:0001:0022:
en:PDF

An overview of the Eco-design regulations of the EU is available from:
https://ec.europa.eu/energy/sites/ener/files/documents/list of ecodesign _measu
res.pdf

An overview of the Eco-labelling regulations of the EU is available from:

https://ec.europa.eu/energy/sites/ener/files/documents/list of enegy labelling
measures.pdf
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XV Mobility

Target sectors: households, companies

The methods in the sector mobility comprise of the purchase of new cars without
replacing an old one, replacing vehicles with efficient ones (new gas driven cars,
CNG, electric cars), eco-driving, efficiency improvement through the use of new
lubricants and efficient tyres and modal shifts in passenger transport.

The method refers to the purchase of an alternative fuel car, both with and
without replacing an old conventionally fuelled car.

When a more efficient car is purchased without an old car being replaced, this
leads to additional energy consumption. However, the additional energy
consumption is lower if an alternative fuel car is purchased instead of a
conventional car.

On the other hand, energy can actually be saved if an old car is replaced by a
new car.

Bottom-up formula

Mil

TFES = n = (sFECgy; — sSFEFz£ ) » 00

Definition

TFES Total Final Energy Savings [kWh/a]

n Number of efficient cars purchased

FECres Specific Final energy consumption of the reference passenger car
[kWh/100 km]

FECegs Specific Final energy consumption of the efficient passenger car
[kWh/100 km]

Mil Average yearly mileage [km/a]

Baseline

Purchase of an alternative fuel car without replacement of an old conventional car:
average final energy consumption of a new conventional fuel car.

Replacement of an old conventional car with an alternative fuel car: average final
energy consumption of an old passenger car (stock).
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Values:

Lifetime of the measure in years (default or project specific)

Number of efficient cars purchased (project specific)

Final energy consumption of the reference passenger car (average value) (default)
Final energy consumption of the efficient passenger car (average value) (default)
Average yearly mileage (default or project specific)

XV.I.I Guidance for identification of default values

Lifetime of the measure: Reference can be made to the document
“Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
86°°. Lifetime determined in kilometres. Alternatively, the lifetime may be
determined based on national standard values or other national data available.

Specific Final energy consumption of the reference passenger car:

Baseline cars in stock: the average specific final energy consumption of the
reference passenger car may be calculated based on the national energy balance
or be obtained from the national statistical office, the national Ministry of
Transport or other institutions dealing with national transport data (e.g. national
environmental office, transport associations).

Baseline new conventional fuel car (no replacement of an old car): figures for the
average specific energy consumption of new conventional fuel cars may be
available at the national statistical office, the national Ministry of Transport or
other institutions dealing with national transport data (e.g. national
environmental office, transport associations).

Alternatively, figures are available in the Odyssee database that shows the
average specific final energy consumption of cars (in stock and new cars) in
litres: http://www.indicators.odyssee-mure.eu/online-indicators.html). In this
case, a conversion factor (litre to kWh) needs to be applied. The conversion factor
may be available at the national Ministry of Transport or other institutions dealing
with national transport data (e.g. national environmental office, transport
associations). Alternatively, conversion factors are published in the EU Directive
2009/33/EC “Promotion of clean and energy-efficient road transport vehicles”
(http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:120:0005:001
2:EN:PDF, Annex Table 1: Energy content of motor fuels, p.8)

> Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Specific Final energy consumption of the efficient passenger car:

Electric passenger cars: To calculate the average specific energy consumption for
pure electric cars, electric cars with a range extender, as well as plug-in hybrid
drives, the standard specific consumption of a selection of available electric
vehicles can be used constituting an average over this. Figures for the available
electric vehicles may be available at the national statistical office, the national
Ministry of Transport or other institutions dealing with national transport data
(e.g. national environmental office, transport associations) or it can be sought
from the Clean Vehicle Portal that provides an overview of the electric and plug-in
hybrid car models available on the market www.cleanvehicle.eu/.

CNG passenger cars: To calculate the average specific energy consumption for
compressed natural gas (CNG) powered vehicles the norm consumption of a
chosen selection of available CNG-cars can be used constituting an average over
this. For the CNG powered vehicles the average specific fuel consumption can be
determined by taking the manufacturer’s information concerning the norm
specific consumption. The manufacturer’s information on the vehicle specific fuel
consumption is in kg/100km. To generate the specific consumption in
kWh/100km, a conversion factor has to be applied:

There might be a recommended conversion factor available at the national
Ministry of Transport or other institutions dealing with national transport data
(e.g. national environmental office, transport associations). The conversion
factors may also be sought from the EU Directive 2009/33/EC “Promotion of clean
and energy-efficient road transport vehicles”
(http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:120:0005:001
2:EN:PDF, Annex Table 1: Energy content of motor fuels, p.8)

Average yearly mileage: this value (km/a) may be obtained from the national
statistical office, the national Ministry of Transport or other institutions dealing
with national transport data. Furthermore, the average mileage could also be
available from household or transport surveys. It should be based on observed
annual data and should not be extrapolated, as it can fluctuate a lot from one
year to the other depending on the economic situation and fuel prices.
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Trainings in eco-driving have spread over the past years and form in some
countries already a compulsory part of driving lessons. Today eco-driving
trainings do not only target private persons, but also professional drivers.

In order to really change driving behaviour and save fuel in the long term, it is
not sufficient that drivers just follow some tips listed, but drivers should also
attend to an eco-driving training given by a qualified driving instructor. Such
trainings must consist of a theoretical part as well as a practical driving part on
public roads. Hence, only trainings should be recognized which include a practical
part and are led by a certified trainer.

Criteria for the recognition of fuel-saving training

In Austria the criteria of training manuals for cars, commercial vehicles and
tractors of the Federal Ministry of Environment (BMLFUW>®) are used as a basis
for the recognition of fuel-saving trainings.

Table 1: Criteria for the recognition of fuel-saving training

.. Duration of Max_. |:|umber of Practical part of
Type of training - participants per . .
training c the training
trainer

Passenger . cari g Training Sessions 6 4 Training Sessions
group training
Pa_ss_enger car eco- 1 Training Session 1 1 Training Session
driving hour
Ut'!'t.y VI il 8 Training Sessions 4 2 Training Sessions
training
Ut.IIIFy vElnE - 2 Training Sessions 1 2 Training Sessions
driving hour

One training session equals 50 minutes

Certified trainer:

Trainers have to participate in a certification seminar in order to be listed as a
certified trainer.

The following formula can be applied to calculating energy savings from trainings
in eco-driving of private and professional persons.

> BMLFUW (2011): Spritsparen — Modern Driving, Pkw Trainerhandbuch, Wien./ BMLFUW (2011): Spritsparen —
Modern Driving, NFZ Trainerhandbuch, Wien.
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Bottom-up formula

For eco-drive trainings related to private cars of households

Ngpn

e

* Myehicles, b * 'FECEL‘E‘_D * 599_[1'

For in-house eco-drive trainings related to commercial vehicles of fleet-operating

companies
" NEp;
TFES = * Myghicies,i * FECapei * S
= e
Definition
TFES Total Final Energy Savings of a single fleet-operating company or of
a number of private households [kWh/a]
i Vehicle category
= 0 = private cars
= 1 = commercial cars,
= 2 = light commercial vehicle (below 3.5 t),
= 3 = buses and trucks (above 3.5 t)
. Number of eco-driving training participants driving a specific vehicle
EPd category
. Total number of persons driving a specific vehicle category (trained
TR + untrained)
e Total nhumber of vehicles of a specific vehicle category existing in a
pemsiss fleet-operating company or a number of private households with
participants trained
FECave,i Average yearly final energy consumption of vehicle of a specific
vehicle category [kWh/a] before training
See,i Savings factor related to the final energy consumption of a specific
vehicle category [%]
Baseline

Total final energy consumption of all vehicles of a single fleet-operating company or a
number of private households with persons taking part at eco-driving trainings, before

the training
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Values:
Lifetime of the measure in years (default or project specific)

Number of eco-driving training participants driving a specific vehicle category (project
specific)

Total number of persons driving a specific vehicle category (trained + untrained)
(project specific)

Total number of vehicles of a specific vehicle category existing in a fleet-operating
company or a number of private households with participants trained (project specific)

Savings factor related to the final energy consumption of a certain vehicle category
(default or project specific)

Total final energy consumption for a specific vehicle category (car, truck) before training
(default or project specific)

XV.II.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
87°’. A project specific value may be used if results from empirical studies are
available.

Average yearly final energy consumption of vehicles of private persons
participating in the training: this value may be obtained from the national
statistical office, the national Ministry of Transport or other institutions dealing
with national transport data (e.g. national environmental office, transport
associations).

Savings factor related to eco-driving trainings: The energy saving factors
are as follows (Austrian values, can be redefined by the partner countries):

Private Professional
driver driver
Sece | Savings after an eco-driving group training for 10 % 10 %
passenger cars (8 lessons)
See | Savings after an eco-driving individual training
5% 5%
for passenger cars (1 lesson)
See | Savings after an eco-driving group training for ) 6.5 %
commercial vehicles 1270

" Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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The compliance with the criteria mentioned in the description for eco-driving
training is a prerequisite for accounting of these savings values. To estimate the
effectiveness of eco-driving trainings, national surveys may be used.

(Total) final energy consumption for a specific vehicle category:

Baseline cars in stock: the average final energy consumption of the reference
passenger car may be obtained from the national statistical office, the national
Ministry of Transport or other institutions dealing with national transport data
(e.g. national environmental office, transport associations).

Alternatively, figures are available in the Odyssee database that shows the
average final energy consumption of cars (in stock and new cars) in litres:
http://www.indicators.odyssee-mure.eu/online-indicators.html). In this case, a
conversion factor (litre to kWh) needs to be applied. The conversion factor may
be available at the national Ministry of Transport or other institutions dealing with
national transport data (e.g. national environmental office, transport
associations). Alternatively, conversion factors are published in the EU Directive
2009/33/EC “Promotion of clean and energy-efficient road transport vehicles”
(http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:120:0005:001
2:EN:PDF, Annex Table 1: Energy content of motor fuels, p.8)

Average yearly mileage: this value may be obtained from the national
statistical office, the national Ministry of Transport or other institutions dealing
with national transport data. Furthermore the average mileage could be also
available from household or transport surveys. It should be based on observed
annual data and should not be extrapolated, as it can fluctuate a lot from one
year to the other depending on the economic situation and fuel prices.

Total final energy consumption for a specific vehicle category [car, light
commercial vehicle (below 3.5 t), buses and trucks (above 3.5 t)]: project
specific values may be used.
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This method distinguishes between passenger cars and commercial vehicles.
Passenger cars are motor vehicles with at least four wheels, used for the
transport of passengers, and comprising no more than eight seats in addition to
the driver's seat. Commercial vehicles include light commercial vehicles, heavy
trucks, coaches and buses.®®

Within this method vehicles may be equipped with fuel-saving motor oil and
tyres. The following lubricants and tyres are considered fuel-saving:>°

Eligible lubricants: 5W-30 or OW-30°°
Eligible tyres: environmental label “blue angel” RAL-UZ 89°!

This formula must be separately evaluated for different types of passenger cars
(e.g., mini, compact, vans). It must not be evaluated across the board of all
types of vehicles, since this would grossly overestimate the energy savings.

*® http://www.evaluate-energy-

savings.eu/emeees/downloads/EMEEES WP42 Method 14 Vehicle EE_080226.pdf
*% http://www.evaluate-energy-

savings.eu/emeees/downloads/EMEEES WP42 Method 14 Vehicle EE_080226.pdf
% http://ec.europa.eu/environment/gpp/pdf/tbr/transport_tbr.pdf, p. 15

®1 http://www.eceee.org/policy-areas/EEES/public sector/GermanyAppendixPROST.pdf
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Bottom-up formula

TFES = ES, g = m;

Enggr Mil

ESyga = Enggs » (1 " Eriger EViyp * Evu.r] * 100

Definition

TFES Total Final Energy Savings [kWh/year]

n; Number of vehicles equipped with fuel saving motor oil and tyres

i Vehicle type

ESuga Unitary gross annual final energy savings [kWh/a]

Enger Average specific fuel consumption of reference vehicle [kWh/100
km]

Engg Average specific fuel consumption of efficient vehicle [kWh/100 km]

EViwp Efficiency value for fuel-saving lubricants [0;1]

EViyr Efficiency value for fuel-saving tyres [0;1]

Mil Average yearly mileage [km/a]

Baseline

Passenger cars: The European Commission has proposed to set the emission target for
passenger cars to 130 g CO,/km as of 2012.%% The EU emissions targets are taken to
define the threshold between efficient and inefficient vehicles for this case (Enges).
Commercial cars: The commercial vehicles include light commercial vehicles, heavy
trucks, coaches and buses. The baseline assumptions should be the average energy
consumption of the current vehicle fleet or the national stock.

Values:

Life time of the measure in years (default or project specific)

Number of vehicles equipped with fuel saving motor oil and tyres (project specific)
Average specific fuel consumption of reference vehicle (default)

Average specific fuel consumption of efficient vehicle (default)

Efficiency value for fuel-saving lubricants (default or project specific)

Efficiency value for fuel-saving tyres (default or project specific)

Average yearly mileage (default or project specific)

%2 http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02009R0443-20140408&from=EN ,p. 4
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XV.III.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
87°%. A project specific value may be used if results from empirical studies are
available.

Average yearly mileage: this value may be obtained from the national
statistical office, the national Ministry of Transport or other institutions dealing
with national transport data. Furthermore, the average mileage could also be
available from household or transport surveys. It should be based on observed
annual data and should not be extrapolated, as it can fluctuate a lot from one
year to the other depending on the economic situation and fuel prices.

Average fuel consumption of efficient vehicle (default or project
specific): this value may be obtained from the national statistical office, the
national Ministry of Transport or other institutions dealing with national transport
data (e.g. national environmental office, transport associations).

Fuel consumption in the baseline case (default or project specific): this
value may be obtained from the national statistical office, the national Ministry of
Transport or other institutions dealing with national transport data (e.g. national
environmental office, transport associations). Alternatively, figures are available
in the Odyssee database that shows the average final energy consumption of cars
(in stock and new cars) in litres: http://www.indicators.odyssee-mure.eu/online-
indicators.html). In this case, a conversion factor (litre to kWh) needs to be
applied. The conversion factor may be available at the national Ministry of
Transport or other institutions dealing with national transport data (e.g. national
environmental office, transport associations). Alternatively, conversion factors are
published in the EU Directive 2009/33/EC "“Promotion of clean and energy-
efficient road transport vehicles”
(http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:120:0005:001
2:EN:PDF, Annex Table 1: Energy content of motor fuels, p.8)

Efficiency value for fuel-saving lubricants: These values may be sought from
http://www.evaluate-energy-

% Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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savings.eu/emeees/downloads/EMEEES WP42 Method 14 Vehicle EE 080226.p
df, p. 20.

Efficiency value for fuel-saving tyres: These values may be sought from
http://www.evaluate-energy-

savings.eu/emeees/downloads/EMEEES WP42 Method 14 Vehicle EE 080226.p
df, p. 20.

Modal shift is defined as covering distances that would have been travelled
anyway with less energy intensive (more sustainable) transport modes. The
distance covered remains the same. With respect to short distance trips, policies
aim at strengthening non-motorised transport modes and urban public transport.
With respect to long distance trips, rail-bound transport is regarded more
sustainable than air transportation and individual motor car traffic.®*

Instruments facilitating the increase of the share of more sustainable transport
modes range from spatial planning, regulatory policies and fiscal incentives to
motivation and qualification measures.

The choice of a certain mode of transport is crucially determined by the distance
to be covered and other geographic and socio-economic circumstances.

Bottom-up formula

J"ll-

TFES = pr}?sgion * Zﬂ:ﬁ{: * {MCREI}' i MC.Eff i} * Eﬂ.i
i=1

Definition

TFES Total Final Energy Savings per person [kWh/a]

NPregion Number of persons on which the evaluated mobility mix is based on

Mil, Average yearly mileage travelled in a transport mode [km/a]

i Mode of transport

MCref, i Share of mode of transport i used (Modal Choice), baseline [0;1]

MCes, i Share of mode of transport i used (Modal Choice), new [0;1]

En; Specific energy consumption of mode of transport i
[kWh/person-km]

N Number of modes of transports concerned

® http://www.emeees.eu/emeees/downloads/EMEEES WP42 15 Modal Shifts Final.pdf
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Baseline

The baseline is the average specific energy consumption of the modes of transport
concerned and the respective annual distance travelled. This baseline will be valid, both
if the objective is to calculate additional energy savings compared to autonomous
trends, and all energy savings.

Values:

Lifetime of the measure in years (default or project specific)

Average yearly mileage travelled in a transport mode (default or project specific)
Share of mode of transport used (Modal Choice), baseline (project specific)
Share of mode of transport used (Modal Choice), new (project specific)

Specific energy consumption, distinguished by mode of transport (default or project
specific)

Number of modes of transport concerned (project specific)
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XV.IV.I Guidance for identification of default values

Lifetime of the measure in years: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
86°%°. Alternatively, the lifetime may be determined based on empirical values.

Average yearly mileage in a transport mode: Figures for the specific annual
distance travelled in a mode of transport may be derived from direct
measurements, studies or surveys. Alternatively, project specific values may be
applied if a representative default value is difficult to determine.

Specific energy consumption, distinguished by mode of transport: Figures
for the specific energy consumption distinguished by the mode of transport may
be derived from direct measurements, studies or surveys. Alternatively project
specific values may be applied if a representative default value is difficult to
determine.

Occupancy level: Figures for the occupancy level per vehicle may be sought
from the national statistics or derived from direct measurements or surveys.

® Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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XVI  Office equipment

Target sectors: public and private services (tertiary buildings)

The bottom-up formula provides for the evaluation of annual energy savings from
the installation of new office equipment in tertiary buildings or the replacement of
existing equipment with more efficient one.®®

The annual total final energy savings should be calculated by type of office
appliance (e.g. PCs, monitors, printers, copiers, faxes, and multi-functional
devices).®’

The formulae provided allow for the calculation of energy savings resulting from
the replacement of existing or installation of new office equipment for three
different modes:®®

1. Final energy savings for the active mode
2. Final energy savings for the standby mode and

3. Final energy savings for usage mode change, referring to the improvement
of the standby/on-mode of the same equipment by programmes or
measures (without replacement).

% Recommendations on Measurement and Verification Methods in the Framework of Directive 2006/32/EC on
Energy End-Use Efficiency and Energy Services, page 82; Download: https://www.energy-
community.org/pls/portal/docs/906182.PDF, 30 June 2015

% Ibidem

® |bidem
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Bottom-up formula®®

For active mode:

{P’qre,r'er'enre yearetockarerage _P’qr'eferenre 'Ecri;'esrper,r'mcriierj

TFES=mn= 1000 * Racrive
For standby:
PS sfereanceys, kopes s _PS sferenceysarbs. s ks
TEES = 1 + { referenceyeavstochaverage referenceyearbestper fmar _f:] T
1000 Heny

For improvement of the usage mode:

P-l'q.:-'.:-.:- SV 5 kaps .:-xh' |'1.:-+P5.:-'.:-.:- SV 5 kops g ¥ By
TFES = n x{ referenceyearstocRarerage aotivs referenceysarstocRarsrags standby _
1000

r.-'“-“‘-}:ﬂ'."h::riue"’Fjr:m'."h:r:r:dE'}':'}

1000 )
Definition
TFES Total Final Energy Savings [kWh/a]
n Number of equal office equipment replaced or newly installed
PA\eferenceyearstockaverage Electrical power input per appliance in active mode [W]

PAreferenceyearbestperfmarket  El€Ctrical power input in active mode per the efficient
equipment from the market [W]

PSteferenceyearstockaverage Electrical power input per appliance in standby mode [W]

PSeferenceyearbestperfmarket Electrical power input in standby mode per the efficient
equipment from the market [W]

PA ew Electrical power input per appliance in active mode, after
modification of existing appliance [W]

PShew Electrical power input per appliance in standby mode, after
modification of existing appliance [W]

hactive Hours in active mode [h/a]

Rstandby Hours in standby mode [h/a]

Baseline

For active mode: calculated as the difference between electrical power consumption in
active mode per appliance of the existing stock in the reference year and the power
consumption in active mode of the efficient office equipment sold on the market
multiplied by the number of hours in active mode.

For standby: calculated as the difference between electrical power consumption in
standby mode per equipment of the existing stock in the reference year and the power
consumption in standby mode of the efficient equipment sold on the market multiplied

% Recommendations on Measurement and Verification Methods in the Framework of Directive 2006/32/EC on
Energy End-Use Efficiency and Energy Services, page 83; Download: https://www.energy-
community.org/pls/portal/docs/906182.PDF, 30 June 2015
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by the number of hours in standby mode.

For improvement of the usage mode: improvement of the standby/on-mode ratio of the
same equipment by programmes or measures (without replacement) and calculation as
the difference between the number of hours in on-mode operation per equipment of the
existing stock before and the number of hours in on-mode after operation.

Values:

Lifetime of the measure in years (default or project specific)

Number of office equipment replaced or newly installed (project specific)
Electrical power input per appliance in active mode (default or project specific)

Electrical power input in active mode per the efficient equipment from the market
(default or project specific)

Hours in active mode (default or project specific)
Electrical power input per appliance in standby mode (default or project specific)

Electrical power input in standby mode per the efficient equipment from the market
(default or project specific)

Hours in standby mode (default or project specific)

XVI.I.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
867°,

For the different types of office appliances, their use patterns have to be
specified. Consequently, it needs to be decided whether energy savings resulting
from this measure will be calculated with default or project specific values.

Electrical power input per appliance in active mode (reference appliance)
(average value): for computers, reference can be made to the EU Regulation No
617/2013 with regard to eco-design requirement setting minimum energy
efficiency requirements: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1:2013:175:0013:0033:EN:PDF.
Alternatively, information may be sought from technical documentations of the
respective appliances.

" Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Electrical power input per appliance in active mode (efficient appliance)
(average value): energy efficient office appliances are listed under
www.topten.eu where technical specifications of specific types of office appliances
can be sought from. Moreover, the EU Energy Star database www.energystar.eu
lists the energy consumption of the different modes (on, standby, sleep) of a
huge number of appliances.

Hours in active mode and in standby mode (average value): European
Default values (desktop PC, monitors, laptop PC): Recommendations on
Measurement and Verification Methods in the framework of Directive 2006/32/EC
on Energy End-Use Efficiency and Energy Services”, page 84:
https://www.energy-community.org/pls/portal/docs/906182.PDF

Alternatively: LOT 3: Personal Computers (desktops and laptops) and Computer
Monitors Final Report (Task 1-8), chapter 3.1.4.2 onwards:

http://www.eup-

network.de/fileadmin/user upload/Produktgruppen/Lots/Final Documents/EuP L
ot3 PC FinalReport.pdf

Electrical power input in standby mode (reference appliance) (average
value): EU Regulation No 801/2013 amending Regulation (EC) No 1275/2008
with regard to eco-design requirements for standby, off mode electric power
consumption of electrical and electronic household and office equipment sets
minimum energy efficiency requirements: http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32013R0801&from=EN

Alternatively:
www.topten.eu/uploads/File/STANDBY%?20Topten%20EU%20policy%20recomme
ndations%20Feb%?2013.pdf

Electrical power input in standby mode (efficient appliance) (average
value): energy efficient office appliances are listed under www.topten.eu where
technical specifications of specific types of office appliances can be sought from.
Moreover, the EU Energy Star database www.energystar.eu lists the energy
consumption of the different modes (on, standby, sleep) of a huge number of
appliances.

An overview of the Eco-design regulations of the EU is available from:
https://ec.europa.eu/energy/sites/ener/files/documents/list of ecodesign measu

res.pdf
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XVII Photovoltaic plants

Target sectors: households (residential buildings), public and private services
(tertiary buildings)

The bottom-up formula provides for the evaluation of annual energy savings from
the installation of photovoltaic plants (PV plants) to cover the final consumer’s
own electricity consumption. Only the amount of electricity used to cover the
consumer’s final energy consumption (own consumption) may be considered
when claiming for energy savings within the monitoring of the implementation of
the EED; electricity fed into the public grid may therefore not be considered.

This measure results in reduction of final energy sold to customers of energy
utilities (and thereby possible primary energy savings) and not in final energy
savings.
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Bottom-up formula

Option 1:
TFES = Pay »t = PR » (1 - eg14)

Option 2:

1
rFESzPFV * SPT"Hm" Hep * ':1 _P:.nss:]“ {1_995”'5:1}

Fa

Definition

TFES Total Final Energy reduction of electricity delivered from public grid
[kWh/a]

Ppy Installed peak power of the PV system [kWeak]

t Sunshine duration at 1000 W/m? (full-time load) at site [h/a]

PR Performance ratio of the PV plant: ratio of the actual and theoretical
energy output of the PV plant [%]

€€grig Share of electricity that is fed into the public grid and cannot be
counted as reduction of energy sold [%]

SPpy Specific peak power of the PV system [kWear/m?2 module area]

Hn Average sum of global irradiation per square meter received by the
modules of the given system with a certain slope (e.g. 35°) and
azimuth (e.g. 0°, i.e. oriented towards south) (kWh/m?)

Nel Average electric efficiency of the modules

P Combined PV system losses [% of H,]

o - Estimated losses due to temperature and low irradiance:

8.1% (using local ambient temperature)”?
- Estimated loss due to angular reflectance effects: 2.9%"*
- Other losses (cables, inverter etc.)
Baseline

No PV system installed; all electricity needed by final customer is supplied via public
electricity grid.

"L source: PVGIS - Joint Research Centre — Europa: http://re.jrc.ec.europa.eu/pvgis/
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Values:

Lifetime of the measure in years (default or project specific)

Installed peak power of the PV system (default or project specific)

Sunshine duration at 1000 W/m? (full-time load) at site (default or project specific)

Performance ratio of the PV plant: ratio of the actual and theoretical energy output of
the PV plant [%](default or project specific)

Share of electricity that is fed into the public grid and cannot be counted as reduction of
energy sold (default or project specific)

Specific peak power of the PV system related to installed module area (default or project
specific)

Average sum of global irradiation per square meter received by the modules of the
given system (default or project specific)

Average electric efficiency of the modules (default or project specific)
Combined PV system losses (default or project specific)

XVII.I.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
8572,

Installed peak power of the PV system: this data shall be available in market
analysis or plant licenses.

Sunshine duration at 1000 W/m? (annual full-time load operating hours)
at site: (regional) data shall be available at the national meteorological institute.

Performance ratio of the PV plant: if not surveyed through empirical studies
monitoring the performance ratio of PV plants, empirical values for some EU
countries (some “old” EU Member States) can be found in:

Monitoring of Photovoltaic Systems: Good Practices and Systematic Analysis:
http://www.ise.fraunhofer.de/de/veroeffentlichungen/konferenzbeitraege/konfere
nzbeitraege-2013/28th-eupvsec/woyte.pdf

International Energy Agency: Analysis of Long-Term Performance of PV Systems:
Different Data Resolution for Different Purposes, Report IEA-PVPS T13-05:2014

"2 Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Share of electricity that is fed into the public grid: electricity that is
generated and its share that is fed into the public grid depend on the size of the
PV plant, its orientation and sloping of the roof as well as on the country-specific
situation (irradiation, sunshine duration). If no national analyses are already
available defining an average feed-in factor of electricity generated from PV into
the public grid, such factor needs to be defined for each country.

Specific peak power of the PV system related to installed module area:
This data shall be available in the manufacturer specifications

Average sum of global irradiation per square meter received by the
modules of the given system: (regional) data shall be available at PVGIS -
Joint Research Centre - Europa: http://re.jrc.ec.europa.eu/pvgis/.

Average electric efficiency of the modules: This data shall be available in the
manufacturer specifications or surveyed through empirical studies.

Combined PV system losses: if not surveyed through empirical studies
monitoring the performance ratio of PV plants, empirical values for some EU
countries (some “old” EU Member States) can be found in:

Monitoring of Photovoltaic Systems: Good Practices and Systematic Analysis:
http://www.ise.fraunhofer.de/de/veroeffentlichungen/konferenzbeitraege/konfere
nzbeitraege-2013/28th-eupvsec/woyte.pdf

International Energy Agency: Analysis of Long-Term Performance of PV Systems:
Different Data Resolution for Different Purposes, Report IEA-PVPS T13-05:2014
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XVIII Replacement of energy
inefficient boilers

Target sectors: households (residential sector), public and private services (non-
residential buildings)

The following methods provide for the calculation of energy savings resulting from
the replacement of old boilers with efficient oil-, gas or biomass boilers. The
methods apply to single- and multi-family homes as well as to apartment blocks
and may also be applied to service buildings if suitable data is available to apply
the calculation formulae.

Attention has to be paid to the fact that the methods described below target
exclusively the replacement of energy inefficient boilers. The improvement of the
building shell at the same time as replacing boilers is not covered by the methods
in this section.

The following formula can be applied to single- and multi-family homes as well as
to apartment blocks where existing oil or gas boilers for heating and hot water
are replaced with efficient oil or gas boilers. The formula may also be applied to
service buildings provided that default values for the savings calculation are
available.
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Bottom-up formula

Option 1:

TFES = n+A« ((SHD + HWD) » EFg; — (SHD + HWD) » EFg1))

Option 2:
1

TFES=n=A= (SHD + HWD) » ( ——]

Mref MEefr
Definition
TFES Total Final Energy Savings [kWh/a]
n Number of boilers replaced
A Conditioned gross floor area of the building [m?]
SHD Specific Space Heating Demand [kWh/m2/a]
HWD Specific Domestic Hot Water Demand [kWh/m?2/a]
EFRer Expenditure Factor of the existing heating system
EFesx Expenditure Factor of the new heating system
Ref Annual use efficiency of the existing heating system
Nes Annual use efficiency of the new heating system
Baseline

Replacement at the end of the boiler’s lifetime: average oil or gas fired boiler generating
heat and hot water available on the market.

Replacement before the end of the boiler’s lifetime: average efficiency of oil and gas
boilers in stock.

The space heating demand values should be corrected with the relevant heating degree
days.

Values:

Lifetime of the measure in years (default or project specific)

Number of boilers replaced (project specific)

Conditioned gross floor area of the building (default or project specific)

Specific Space Heating Demand (default or project specific)

Specific Domestic Hot Water Demand (default or project specific)

Expenditure Factor of the existing heating system (default or project specific)
Expenditure Factor of the efficient heating system (default or project specific)
Annual use efficiency of the existing heating system (default or project specific)
Annual use efficiency of the new heating system (default or project specific)
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XVIII.I.I Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related to buildings and heating systems, a model building needs to be
defined, specifying an average value of the conditioned floor area per building
type, an average space heating demand per building type (reference and energy
efficient building), an average hot water demand per building unit and the
efficiency of the heating system based on assumptions made related to the
heating structure of the country.

However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
8573, Alternatively, the lifetime may be determined based on national (empirical)
values.

Specific Space Heating Demand (reference and energy efficient building):
values for determining the specific space heating demand are to be defined in the
model building.

The average specific space heating demand of the reference building may be
calculated based on national statistics such as energy balance, useful energy
balance and statistics on buildings.

Alternatively, average values for a specific space heating demand for different
building types — whether they are thermally refurbished or not — may be available
from national empirical studies, analyses of energy certificates, buildings
databases etc. For selected European countries (mostly EU Member States),
reference can also be made to the EU-funded projects TABULA and EPISCOPE
(http://episcope.eu/welcome/) where national building typologies representing
the residential building stock have been developed.

For thermally refurbished buildings, the space heating demand may also be
determined by subsidy guidelines, specifying a certain thermal quality to be
reached when applying for subsidies for thermal refurbishment.

3 Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Specific Domestic Hot Water Demand (average value): values for
determining the specific domestic hot water demand are to be defined in the
model building. It is calculated based on the building's gross floor area and the
efficiency of the heating system providing not only space heating but also hot
water. The efficiency of the heating system is determined by the efficiency of the
heating system, the distribution losses and energy demand of auxiliary systems.

Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parametrs for the calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Reference may be made to the document “EMEEES bottom-up case
application 4: Residential condensing boilers in space heating”, page 14:
http://www.evaluate-energy-

savings.eu/emeees/downloads/EMEEES WP42 Method 4 resboilers 0806
09.pdf. Alternatively, the national empirical values can be used.

Supplementary information may be sought under:

Domestic heating and hot water - Choice of fuel and system type, Good
Practice Guide, GPG 301: Domestic heating and hot water - Choice of
fuel and system type, Good Practice Guide, GPG 301:
http://www.perfectheatingandplumbing.com/Docs/gpg301 Dom Htg a

nd HW.pdf
Domestic Central Heating and Hot Water: Systems with Gas and OQil-
fired Boilers, GPG 284

http://requlations.completepicture.co.uk/pdf/Energy%20Conservation/
Heating%20Systems%20-
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http://www.perfectheatingandplumbing.com/Docs/gpg301_Dom_Htg_and_HW.pdf
http://regulations.completepicture.co.uk/pdf/Energy%20Conservation/Heating%20Systems%20-%20Boilers/Domestic%20central%20heating%20and%20hot%20water-%20systems%20with%20gas%20and%20oil-fired%20boilers%20-.pdf
http://regulations.completepicture.co.uk/pdf/Energy%20Conservation/Heating%20Systems%20-%20Boilers/Domestic%20central%20heating%20and%20hot%20water-%20systems%20with%20gas%20and%20oil-fired%20boilers%20-.pdf

9%20Boilers/Domestic%20central%20heating%20and%20hot%20water
-%?20systems%20with%20gas%20and%200il-fired%20boilers%20-.pdf

Controls for domestic Central Heating and Hot Water, GPG 302:
http://www.draytoncontrols.co.uk/uploadedFiles/Drayton/Industry Reg
ulation/Good Practise Guide 302 ENG.pdf

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.
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The formula provides for calculating the energy savings resulting from the
replacement of old inefficient boilers used for heating and hot water (oil, gas or
biomass) with energy efficient biomass boilers. It can be used for single- and
multi-family homes as well as for apartment blocks.

Bottom-up formula

Option 1:

TFES = n»A» ((SHD + HWD) » EFge; — (SHD + HWD) » EFyss))

Option 2:
1 1

TFES =n=A= (SHD + HWD) = ( - ]

Nesf  Mefr
Definition
TFES Total Final Energy Savings [kWh/a]
n Number of boilers replaced
A Conditioned gross floor area of the building [m?]
SHD Specific Space Heating Demand [kWh/m2/a]
HWD Specific Domestic Hot Water Demand [kWh/m2/a]
EFRer Expenditure Factor of the existing heating system
EFes Expenditure Factor of the new heating system
Nasf Annual use efficiency of the existing heating system
Neff Annual use efficiency of the new heating system
Baseline

Replacement at the end of the boiler’s lifetime: average oil, gas or biomass fired boiler
generating heat and hot water available on the market.

Replacement before the end of the boiler’s lifetime: average efficiency of oil and gas
boilers in stock.

The space heating demand values should be corrected with the relevant heating degree
days.
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Values:

Lifetime of the measure in years (default or project specific)

Number of boilers replaced (project specific)

Conditioned gross floor area of the building (default or project specific)

Specific Space Heating Demand (default or project specific)

Specific Domestic Hot Water Demand (default or project specific)

Expenditure Factor of the reference heating system (default or project specific)
Expenditure Factor of the efficient heating system (default or project specific)
Annual use efficiency of the reference heating system (default or project specific)
Annual use efficiency of the efficient heating system (default or project specific)

XVIII.II.IGuidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related to buildings and heating systems, a model building needs to be
defined, specifying an average value of the conditioned floor area per building
type, an average space heating demand per building type (reference and energy
efficient building), an average hot water demand per building unit and the
efficiency of the heating system based on assumptions made related to the
heating structure of the country.

However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
857, Alternatively, the lifetime may be determined based on national empirical
values.

Specific Space Heating Demand (reference and energy efficient building):
values for determining the specific space heating demand are to be defined in the
model building.

The average specific space heating demand of the reference building may be
calculated based on national statistics such as energy balance, useful energy
balance and statistics on buildings.

* Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Alternatively, average values for a specific space heating demand for different
building types — whether they are thermally refurbished or not - may be available
from national empirical studies, analyses of energy certificates, buildings
databases etc. For selected European countries (mostly EU Member States),
reference can also be made to the EU-funded projects TABULA and EPISCOPE
(http://episcope.eu/welcome/) where national building typologies representing
the residential building stock have been developed.

For thermally refurbished buildings, the space heating demand may also be
determined by subsidy guidelines, specifying a certain thermal quality to be
reached when applying for subsidies for thermal refurbishment.

Specific Domestic Hot Water Demand (average value): values for
determining the specific domestic hot water demand are to be defined in the
model building. It is calculated based on the building's gross floor area and the
efficiency of the heating system providing not only space heating but also hot
water. The efficiency of the heating system is determined by the efficiency of the
heating system, the distribution losses and energy demand of auxiliary systems.

Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Reference may be made to the document “EMEEES bottom-up case
application 4: Residential condensing boilers in space heating”, page 14:
http://www.evaluate-energy-

savings.eu/emeees/downloads/EMEEES WP42 Method 4 resboilers 0806
09.pdf. Alternatively, the national empirical values can be used.
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Supplementary information may be sought under:

Domestic heating and hot water - Choice of fuel and system type, Good
Practice Guide, GPG 301: Domestic heating and hot water — Choice of fuel
and system type, Good Practice Guide, GPG 301:
http://www.perfectheatingandplumbing.com/Docs/gpg301 Dom Htg and

HW.pdf

Domestic Central Heating and Hot Water: Systems with Gas and Oil-fired
Boilers, GPG 284:
http://reqgulations.completepicture.co.uk/pdf/Energy%?20Conservation/Heat
ing%20Systems%20-

%20Boilers/Domestic%20central%20heating%20and%20hot%20water-
9%20systems%20with%20gas%20and%200il-fired%20boilers%?20-.pdf

Controls for domestic Central Heating and Hot Water, GPG 302:
http://www.draytoncontrols.co.uk/uploadedFiles/Drayton/Industry Regulat
ion/Good Practise Guide 302 ENG.pdf

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.

The measure is about replacing conventional fossil fuel fired boilers with biomass
boilers. The biomass boiler can represent:

The only heating system in the building (please refer to chapter 0) or

An additional heating system in the building.

The existing fossil fuel boiler (FFB) is supplemented by a biomass boiler (BMB).
The annual heat consumption (Q) is divided into two parts, according to the ratio
of heat production (usually: BMB = base load; FFB = peak load/backup). The
default values refer to the heat demand (useful heat) by biomass (Qgiomass, €-9-
Qsiomass = 90% of total heat demand) and by fossil fuels (Qrossii, €.9. Qrossit = 10%
of total heat demand).
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Bottom-up formula

Existing fossil fuel boiler escorted with an energy efficient biomass boiler:

Option 1:
TFES =n=A= ({SHD + HWD) = EFp ¢
~(Qppeeq* (SHD + HWD) » EFyor + Qg % (SHD + HWD) = EFge( ) )

Option 2:
PEES = mada (1 * (SHD + HWD) (Qmﬂ.: * (SHD + HWD) . Q5 omass * SHD + HWD) D

Nref Naef NEeff
Or:

({SHD + HWD) (SHD + HWD])
TFES = n+A = Qzipmass * -
Nref Neff
Definition
TFES Total gross annual energy savings [kWh/a]
n Number of biomass boilers installed/replaced
A Conditioned gross floor area of the building [m?]
SHD Specific Space Heating Demand [kWh/m?2/a]
HWD Specific Domestic Hot Water Demand [kWh/m?2/a]
EFgrer Expenditure Factor of the existing heating system (fossil fuel boiler)
EFgs Expenditure Factor of the new heating system (biomass boiler)
et An_nual use efficiency of the existing heating system (fossil fuel
Rel boiler)

Nzff Annual use efficiency of the new heating system (biomass boiler)
Baseline

Average efficiency of heating systems substituted by biomass boiler:
Market average of an inefficient biomass boiler.

The space heating demand values should be corrected with the relevant heating degree
days.

Values:

Lifetime of the measure in years (default or project specific)

Number of biomass boilers installed/replaced (project specific)

Conditioned gross floor area of the building (default or project specific)

Specific Space Heating Demand (default or project specific)

Specific Domestic Hot Water Demand (default or project specific)

Expenditure Factor of the existing heating system (default or project specific)
Expenditure Factor of the new heating system (default or project specific)
Annual use efficiency of the existing heating system (default or project specific)
Annual use efficiency of the new heating system (default or project specific)
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XVIII.III.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
857°. Alternatively, the lifetime may be determined based on national empirical
values.

Conditioned gross floor area of the building: values for determining the
conditioned gross floor area are to be defined in the model building. The average
gross floor area may be calculated based on national statistics on buildings for
buildings in stock or may be available from analyses of energy certificates,
buildings databases etc.

Specific Space Heating Demand (average value): values for determining the
specific space heating demand are to be defined in the model building.

The average specific space heating demand of the reference building may be
calculated based on national statistics such as energy balance, useful energy
balance and statistics on buildings.

Alternatively, average values for a specific space heating demand for different
building types may be available from national empirical studies, analyses of
energy certificates, buildings databases etc. For selected European countries
(mostly EU Member States), reference can also be made to the EU-funded
projects TABULA and EPISCOPE (http://episcope.eu/welcome/) where national
building typologies representing the residential building stock have been
developed.

Specific Domestic Hot Water Demand (average value): values for
determining the specific domestic hot water demand are to be defined in the
model building. It is calculated based on the building's gross floor area and the
efficiency of the heating system providing not only space heating but also hot
water. The efficiency of the heating system is determined by the efficiency of the
heating system, the distribution losses and energy demand of auxiliary systems.

> Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Efficiency of the heating system:
Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

In addition, reference can be made to the European standard EN 303-
5:2012. "Heating boilers for solid fuels, manually and automatically stoked,
nominal heat output of up to 500 kW. Terminology, requirements, testing
and marking".

Heating Degree Days: figures may be available either at the national
meteorological institute or at the national statistical office.
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XIX  Solar thermal panels

Target sectors: households (residential buildings), public and private services
(tertiary buildings)

Two methods are provided under the area of solar thermal panels:
1. Solar assisted space heating and

2. Domestic water heating with solar energy.

The measure results in primary energy savings and not in final energy savings.

XIX.I.I Solar assisted space heating

The measure refers to the installation of solar thermal plants for hot water and
auxiliary heating purposes in existing and newly constructed buildings. The heat
generated with solar panels reduces the amount of heat to be generated with an
existing heating system.

The method applies to flat plate collectors and evacuated tube collectors which
differ from their heat output.

Bottom-up formula

Option 1:
TFES = A * Q. . +EF;

yield ReT

Option 2:
1
TFES = A= Qg yigld *
N Nref
Definition
TFES Total Final Energy Savings [kWh/a]
A Installed collector surface [m?]
Qave_yield Average yearly heat output per m? installed collector surface
[kWh/m?/a]
EFres Expenditure Factor of the existing heating system
Nasf Annual use efficiency of the existing heating system
Baseline

Existing heating system fired by oil, gas, biomass etc.
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Values:
Lifetime of the measure in years (default or project specific)
Installed collector surface (project specific)

Average yearly heat output per m? installed collector surface for flat plate collectors and
evacuated tube collectors (default)

Expenditure Factor of the existing heating system (default or project specific)
Annual use efficiency of the existing heating system (default or project specific)

XIX.I.II Water heating with solar energy

The measure provides for the evaluation of energy savings derived from the
installation of solar thermal plants exclusively used for domestic hot water
heating in existing and newly constructed buildings. The heat generated reduces
the amount of heat to be generated with an existing heating system.

The method applies to flat plate collectors and evacuated tube collectors which
differ from their heat output.

Bottom-up formula

Option 1:
TFES = A *Qupe 1. *EFgey
Option 2:
1
TFES = A= che_}'ie!d * Naer
Definition
TFES Total Final Energy Savings [kWh/a]
A Installed collector surface [m?]
Qave_yield Average yearly heat output per m? installed collector surface
[kWh/m?/a]
EFger Expenditure Factor of the existing heating system
Nasf Annual use efficiency of the existing heating system
Baseline

Existing heating system fired by oil, gas, biomass etc.
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Values:
Lifetime of the measure in years (default or project specific)
Installed collector surface (project specific)

Average yearly heat output per m? installed collector surface for flat plate collectors and
evacuated tube collectors (default)

Expenditure Factor of the existing heating system (default or project specific)
Annual use efficiency of the existing heating system (default or project specific)

XIX.I.III Guidance for identification of default values

When applying the methods for calculating energy savings from energy efficiency
measures related to buildings and heating systems, a model building needs to be
defined, specifying an average value of the conditioned floor area per building
type, an average space heating demand per building type (reference and energy
efficient building), an average hot water demand per building unit and the
efficiency of the heating system based on assumptions made related to the
heating structure of the country.

However, if available, project specific values may also be used for the savings
calculation, but attention needs to be paid to the fact that project specific values
and default values may not mixed in one and the same savings calculation.

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
857¢. Alternatively, the lifetime may be determined based on national empirical
values.

Average yearly heat output per m? installed collector surface for flat
plate collectors and evacuated tube collectors: in order to define the
average yearly heat output of a solar thermal plant, an average plant has to be
defined (size, alignment, angle of inclination, shading, etc.).

In case no national data is available on the average yearly heat output of an
average solar thermal plant, reference can be made to the following software:
T*Sol: http://valentin.de/calculation/thermal/start/en - an Online Solar
Calculation and Simulation of Solar Thermal Systems.

7% Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Efficiency of the heating system:

Expenditure Factor of the heating system: It is determined by the ratio
of heating energy demand (fuel consumption of the heating system) to
space heating demand plus domestic hot water demand (ratio of final
energy demand to useful energy demand). Input parameters for the
calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

Annual use efficiency of the heating system: It is determined by the
ratio of space heating demand plus domestic hot water demand to heating
energy demand (ratio of useful energy demand to final energy demand).
Input parameters for the calculation are:

o Space heating demand (plus domestic hot water demand) and

o Heating energy (fuel) demand determined by the boiler’s efficiency,
distribution losses and energy demand of auxiliary systems.

The efficiency of the heating system shall be determined in the model building for
the reference and/or efficient heating system. EU Member States may have set
default values for the efficiency of the heating system when implementing the
Energy Performance Building Directive and consequently the energy performance
certificate.
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XX Standby killer in households

Target sector: households

The method provides for the evaluation of annual energy savings from the
installation of stand-by killers in households.

Standby consumption refers to the electricity consumption that occurs after an
appliance is switched off but not removed from power supply. So called standby
killers are automatic switch-off aids that recognize standby power and are cutting
off the power supply for the connected appliance once it is switched off.

Standby killers in households lead to a reduction in electricity consumption by
eliminating standby consumption of appliances. However, for a thorough savings
calculation, the standby killer's own consumption has to be taken into
consideration, slightly reducing the total savings potential.

Bottom-up formula

Fp #teg — Fogy * £

TFES = negy * 000
Definition

TFES Total Final Energy Savings [kWh/a]

Nsek Number of standby killers installed

Ps Standby power of the respective appliance(s) [W]
Psgx Own electricity consumption standby killer [W]

ta Annual hours standby killer is in use [h/a]

tse Annual hours appliance is on standby [h/a]
Baseline

Appliances running on standby without using a standby killer

Values:
Lifetime of the measure in years (default or project specific)
Number of standby Killers installed (project specific)

Standby power of the respective appliance(s) connected to the stand-by killer (default
or project specific)

Own electricity consumption standby killer (default or project specific)
Annual hours standby killer is in use (default)

Annual hours appliance is on standby (default)
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XX.I.1I Guidance for identification of default values

Lifetime of the measure: in Austria, the lifetime of the standby killer is set at
10 years.

Standby power of the respective appliance:

The EU Energy Star database www.energystar.eu lists the energy
consumption of the different modes (on, standby, sleep) of a huge
number of appliances where reference can be made to when specifying an
average value for the energy consumption of a particular appliance.

Maximum power consumption in off-mode and standby mode:
www.topten.eu/uploads/File/STANDBY%20Topten%20EU%20policy%?20r
ecommendations%20Feb%2013.pdf

Regulation (EU) No 801/2013 amending Regulation (EC) No 1275/2008
with regard to ecodesignh requirements for standby, off mode electric
power consumption of electrical and electronic household and office
equipment, and amending Regulation (EC) No 642/2009 with regard to
ecodesign requirements for televisions: http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32013R0801&from=EN

Regulation (EC) No 1275/2008 with regard to ecodesign requirements for
standby and off mode electric power consumption of electrical and
electronic household and office equipment sets requirements for the
maximum electricity consumption allowed for electrical and electronic
household and office equipment in standby mode: http://eur-
lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32008R1275&from=en

Regulation (EC) No 278/2009 implementing Directive 2005/32/EC of the

European Parliament and of the Council with regard to ecodesign
requirements for no-load condition electric power consumption and
average active efficiency of external power supplies: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:093:0003:0010:
EN:PDF

Own electricity consumption standby killer: a value of 0.5 Watt can be used
if not specified or researched otherwise:
http://www.topten.ch/deutsch/buro/standby/elektronische abschalthilfen.html

Annual hours standby killer is in use: as a maximum, the standby killer may
be in use all year long, therefore 8.760 hours.
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Annual hours appliance is on standby: if not specified otherwise (e.g. through
empirical studies carried out on national level):

The EuP Preparatory Study Lot 5 (TV) Final Report Task (chapter 3.1.2)
lists information about on- and standby-modes of TVs per day for
different EU Member States: http://www.eup-
network.de/fileadmin/user upload/Produktgruppen/Lots/Final Documents
/Lot 5 Final Report 1-8.pdf

The EuP Preparatory Study LOT 3: Personal Computers (desktops and
laptops) and Computer Monitors Final Report (Task 1-8) lists an average
standby time of office equipment for households under chapter 3.1.4.2
onwards: http://www.eup-
network.de/fileadmin/user upload/Produktgruppen/Lots/Final Documents
/EuP_Lot3 PC FinalReport.pdf

An overview of the Eco-design regulations of the EU can be found under:
https://ec.europa.eu/energy/sites/ener/files/documents/list of ecodesign measu

res.pdf
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XXI

Systems for heat recovery in

buildings

The calculation of savings is based on the amount of heat transferred from the
exhaust air to the inlet air. The savings are determined in relation to the surface
of the building in which the ventilation system operates, with the use of default
values for air exchange rate and, depending on the operating time of the heating
system during the heating season, space height, the temperature difference

between the exhaust air and the inlet air, heat recovery rate and air density.

Energy savings resulting from the installation of a ventilation system with heat

recovery are calculated as follows:

Bottom-up formula

TFES = A+xh«=f=tscx=p*AT =5 *n

Definition

TFES Total Final Energy Savings [kWh/a]

A Conditioned gross floor area of the building [m?]

B Height of the ventilated area (floor to ceiling) [m]

3 Air exchange rate [h™!]

£ Yearly operating time of the ventilation system [h/a]

c Specific heat of air [kWh/kg K]

5 Air density [kg/m?3]

AT Temperature difference ambient air vs. outside air (average value)
during the heating season (° Celsius)

, Rate of heat recovery

n Number of ventilation units installed

Baseline

Building heated with a conventional heating system
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Values:

Lifetime of the measures in years (default or project specific)
Conditioned gross floor area of the building (default or project specific)
Height of the ventilated area (default or project specific)

Air exchange rate (default)

Yearly operating time of the ventilation system (default)

Specific heat of air (default)

Air density (default)

Temperature difference ambient air vs. outside air (average value) during the heating
season (default)

Rate of heat recovery (default)
Number of ventilation units installed (project specific)

XXI.I.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the framework of
Directive 2006/32/EC on Energy End-Use Efficiency and Energy Services”, page
8577,

Conditioned gross floor area of the building: values for determining the
conditioned gross floor area are to be defined in the model building. The average
gross floor area may be calculated based on national statistics or may be
available from analyses of energy certificates, buildings databases etc.

Height of the ventilated area: values for determining the height of the
ventilated area are to be defined in the model building. Alternatively, project
specific values may be used.

Air exchange rate (u-value): values can usually be found in the national
building regulations, i.e. building codes. Other sources may be subsidy guidelines,
specifying a certain thermal quality to be reached when applying for subsidies.
Also project-specific values can be used for the savings calculation if a
representative default value is difficult to be determined.

" Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Yearly operating time of the ventilation system: the value depends on the
length of the heating period in each country. Default or project specific values can
be used to determine this value.

Specific air temperature: usually, a value of 1 ki/kg K is used.
(http://www.engineeringtoolbox.com/air-properties-d 156.html )

Air density: under normal conditions, air density is at 1,293 kg/m>.
(http://www.engineeringtoolbox.com/air-properties-d 156.html )

Temperature difference ambient air vs. outside air (average values)
during the heating season: a common value for ambient air is 21 ° Celsius.
Values for the temperature of the ambient air may also be determined in national
standards. Values for the outside air are country specific and depend on the
climatic conditions of each country. They may be available at the national
meteorological institutes.

Rate of heat recovery: the percentages for heat recovery may go up to 90%.
However, country specific values shall be defined, taking into consideration the
technological standards in each country. Information may be sought from
manufacturers of ventilation systems or from empirical studies.
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XXII White goods

Target sector: households

The bottom-up formulae provide for the evaluation of annual energy
savings resulting from the new installation and replacement of white goods.

The formulae can be applied to:
Washing machines
Laundry dryers
Dishwashers
Fridges and

Freezers

The formula applies to measures relating to the purchase of white goods
such as fridges and freezers, washing machines, laundry dryers and
dishwashers with the best available energy efficiency class on the market
(e.g. A++ or A+++) compared to goods with a lower energy efficiency class
available.

Bottom-up formula

TFES = n * (Egpe — Euff)

Definition

TFES Total Final Energy Savings [kWh/a]

n Number of energy efficient goods purchased with the
highest available energy efficiency class

Eave Average yearly energy consumption of the least efficient
good available on the market [kWh/a]

Eefr Average yearly energy consumption of the highly efficient
white good to be installed (A++ or highest available
energy efficiency class) [kWh/a]

Baseline

Average yearly energy consumption of the least efficient good available on the
market
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Values:
Lifetime of the measure in years (default or project specific)

Number of energy efficient goods purchased with the highest available energy
efficiency class (project specific)

Average yearly energy consumption of the least efficient white good available on
the market (default or project specific)

Average yearly energy consumption of the highly efficient white good to be
installed (A++ or highest available energy efficiency class) (default)

This method applies to white goods such as fridges and freezers, washing
machines, laundry dryers and dishwashers that are replaced at an early
stage, i.e. before the end of their actual lifetime, and that are replaced by
goods with the best available energy efficiency class on the market (e.g.
A++ or A+++).

Bottom-up formula

TFES =n = (Exocr — Egpr)

Definition

TFES Total Final Energy Savings [kWh/a]

n Number of energy efficient goods purchased with the
highest available energy efficiency class

Estock Average yearly energy consumption of existing white good
in stock [kWh/a]

Eetr Average yearly energy consumption of the highly efficient
white good to be installed (A++ or highest available
energy efficiency class) [kWh/a]

Baseline

Average yearly energy consumption of existing white good in stock

Values:
Lifetime of the measure in years (default or project specific)

Number of energy efficient goods purchased with the highest available energy
efficiency class (project specific)

Average yearly energy consumption of existing white good in stock (default of
project specific)

Average yearly energy consumption of the highly efficient white good to be
installed (A++ or highest available energy efficiency class) (default)
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XXII.II.I Guidance for identification of default values

Lifetime of the measure: reference can be made to the document
“"Recommendations on Measurement and Verification Methods in the
framework of Directive 2006/32/EC on Energy End-Use Efficiency and
Energy Services”, page 857%.

Average yearly energy consumption of existing white good in stock:
as a first step, the specifications of the white goods to be considered must
be defined (e.g. size, capacity volume).

Further on, sales data of the goods specified indicating their energy
efficiency class may be used to identify their average yearly energy
consumption. With sales data available from the past ten years or from a
similar time range, the energy efficiency of the goods in stock can be
determined. The average yearly energy consumption can be defined based
on the different EU regulations:

Washing machines: Regulation (EU) No 1061/2010: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2010:314:0047:
0063:EN:PDF

Tumble driers: Regulation (EU) No 392/2012: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2012:123:0001:
0026:EN:PDF

Dish washers: Regulation (EU) No 1059/2010: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2010:314:0001:
0016:en:PDF

Refrigeration appliances: Regulation (EU) 1060/2010: http://eur-
lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32010R1060&from=EN

On overview of the energy labelling legislation of household appliances can
be found under:
https://ec.europa.eu/energy/sites/ener/files/documents/list of enegy label
ling measures.pdf

Average yearly energy consumption of the highly efficient white
good to be installed: the same specifications as defined for the goods in
stock need to be applied (e.g. size, capacity volume).

’® Download: https://www.energy-community.org/pls/portal/docs/906182.PDF
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Again, sales data of the goods specified may be used to identify the most
energy efficient white goods purchased. For their identification, it is
recommended to only consider the sales of the most frequently purchased
energy efficient goods in the past one to two years. The minimum energy
efficiency requirements are defined in the following EU regulations:

Washing machines: Regulation (EU) No. 1015/2010: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2010:293:0021:
0030:EN:PDF

Tumble driers: Regulation (EU) No. 932/2012: http://eur-
lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32012R0932&from=EN

Dish washers: Regulation (EU) No. 1016/2010: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2010:293:0031:
0040:en:PDF

Refrigeration appliances: Regulation (EU) 643/2009: http://eur-
lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32009R0643&from=EN

On overview of the eco-design legislation of household appliances can be
found under:

https://ec.europa.eu/energy/sites/ener/files/documents/list of ecodesign
measures.pdf
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