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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor—its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Comimittee ISO/TC 301, Energy management] and energy
savings.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

This document specifies general methods for the calculation of predicted energy savings (PrES). It also
provides a process that should result in PrES satisfactory for the relevant stakeholders. It is meant to
be used after the opportunities for energy performance improvements have been identified, but prior
to the implementation of energy performance improvement actions (EPIAs). It is, therefore, meant to be
used when selecting or specifying the EPIAs or the action plan, programme or policy to be subsequently
implemented, as represented in Figure 1.

PLAN CHECK
Identifying and Designing
selectm.g. and planning
opportunities

Whatactions to Ex-ante Monitoringand data Ex-postverification
considerand select assessment collection and/orevaluation
vy~
City /region Energy savings for
country city /region/country’ (1SO 17742)
Ll
Energy managementsystem (ISO 50001)
Energy audit Energy performance measureniént (ISO 50006)
Organizatio (15050002) Energy performance M&V
\\ (IS0 50015)
Predicted energy 5\0 Energy savingsin
i @ organizations (IS0 50047)
savings e

(ISO 50046) Energy savings of projects
(IS0 17741)

Figure 1 — The place of this documentin a continual improvement process

The calculation of PrES can be undertaken en its own, or as part of a more comprehensive evaluption
cycle. In theg latter case, complementarysguidance can be found in other documents, as illustratgd in

Figure 1.

This document builds on the generalprinciples outlined in ISO 17743, which provides a methodoldgical
framework fipplicable to the calcitlation of and reporting on energy savings.

ISO 17742 dpals with energyysavings at the level of countries, regions or cities, distinguishing indidator-
based and njeasure-baséd-ealculation methods.

ISO 50047 deals with.énergy savings in organizations. It uses an organization-based approach (a[form
of top-dow1} appreach), and an EPIA-based approach (sometimes referred to as being a “bottom-up”
approach).

ISO 17741 deals with general technical rules for the measurement, calculation and verification of energy
savings of projects.

This document uses the distinction between measure-based methods and indicator-based (or total-
consumption-based) methods. Instead of distinguishing between the scopes of geographical entities,
operational entities and physical systems, it makes a distinction between the levels of aggregation of
energy savings: either unit level (action or project) or aggregated level (action plan, programme or

policy).

This document provides a process for increasing the transparency of data and calculations used to
predict energy savings. Examples of the use of PrES include:

— for selecting among energy savings opportunities;

vi © IS0 2019 - All rights reserved
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— for investment decisions;

— for accounting or crediting energy savings (e.g. energy savings certificates[14]).

It provides methods that can be used, for example, in the context of energy audits, energy savings
obligations, energy efficiency portfolio standards[14], voluntary agreements or energy performance
contracting.

Irrespective of the methods chosen, validation and documentation of the calculation of PrES add value

by in

creasing their credibility and reliability.

Following a bottom-up approach (measure-based methods, see ISO 17742), this document starts with

the a
same

to callculate the PrES of an action plan, programme or policy under consideration, taking

caus

For t

alculation of the PrES at the level of an EPIA or a group of EPIAs to be jointly implem
site or by the same organization or energy end-user. These unitary PrES might then.bg

hlity issues wherever applicable.

he calculation of the PrES of an EPIA, this document presents three diffefent methods,

ented at the
aggregated
nto account

classified as

empirical estimation, statistical modelling and engineering modelling. These-methods can Be applied to

diffe

—

—

)

lau
Clauf
the ¢
aggr
and 1
aggr

implemented;

Fent types of situations. The two general situations considered are/{see 4.2):

vhen users want to determine PrES according to the specificcgontext in which the |

vhen users want to determine reference values of PrES.fot given types of EPIA.

EPIA will be

be 4 of this document explains the objectives, context and principles of calculatjon of PrES.

be 5 describes the preparation of the calculationprocess (preliminary step). Clause
alculation process at the level of an EPIA. Clatuse 7 describes the additional stepg
poating the PrES of an action plan, policy-of,programme. Clause 8 provides guidanc
incertainty analysis. Clauses 4, 5, 6 and 8-are common to both aggregation levels (EH
boated level).

|6 describes
needed for
e on quality
IA level and
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General methods for predicting energy savings

1 Scope

This document specifies general methods for the calculation of predicted energy savings (PrES), using
measure-based calculation methods, also known as bottom-up or energy performance improvement
actions (EPIAs)-based methods (see ISO 17742). Indicator-based methods (see ISO 17742) and total-
conshimption-based methods (see ISO 50047) are not included in the scope of this document.

This|document provides general principles for categorizing and choosing the method, taking account
of thle context, targeted accuracy and resources available for calculating the RrES. It also provides
guidance on the conditions for ensuring the quality of the PrES, their documentation and validation.

It is dpplicable to calculation of PrES for any:
— tlype of EPIA;

— ¢nd-use sector;

— ¢nergy end-use;

— level of aggregation of energy savings;
— gtakeholder.

NOTE 1  Stakeholders can include private or public@rganizations, energy auditors, energy servic¢s companies,
energy and equipment suppliers, policy makers, etc:

This|{document considers PrES from:
— 4n EPIA; and/or
— 4n action plan, programme 0rpolicy (aggregated energy savings).

NOTHE 2  Anaction plan, programme or policy can be implemented at different scales (organization, city, region,
country).

This|document describes how to calculate PrES over a prediction period. It can be used to calculate PrES
in tefms of primary‘energy or final (or delivered) energy (as defined in ISO 50047 and ISO/IEC 13273-1).

2 Normative references

There@re no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

© IS0 2019 - All rights reserved 1
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baseline period
defined period of time used to compare energy performance (3.10) with the prediction period (3.19)

[SOURCE: IS

3.2
boundary

050006:2014, 3.2, modified — “prediction period” has replaced “reporting period”.]

physical or virtual limit around energy using systems (3.15) or facilities which are related to (an)
EPIA(s) (3.11)

[SOURCE: I

3.3
context-spg
data relatin

EXAMPLE
on a particul

Note 1 to ent

3.4
empirical ¢
calculation 1

Note 1 to e
experience u
benchmarkin

3.5
energy
electricity, fi

[SOURCE: IS

3.6

energy bas
EnB
quantitative

Note 1 to ent
organization

Note 2 to ent
production l¢g

[SOURCE: I§

017741:2016 3 2 maodified — Notes 1 and 2 to entry have been removed ]

cific data
b to a specific situation

Electricity consumption for lighting in a particular office building, number of €ars manufac
ir production line.

'y: Reference data (3.21) can be used when context-specific data are notavailable

stimation
method based on empirical expertise, experiments, tests\or previous analyses

htry: Empirical expertise and experiments can be based on expert knowledge and pra

bing measurements and/or information from similar préviously implemented EPIAs (3.11), pre
g studies, manufacturers’ data, and/or proven referénces (e.g. scientific literature).

Liels, steam, heat, compressed air and,other similar media

0 50001:2018, 3.5.1, modified —Note 1 to entry has been removed.]

eline
reference(s) providing a basis for comparison of energy performance (3.10)

ry: An EnB is based on data from a specified period of time and/or conditions, as defined h
city, region orCountry.

'y: An EnBcan be normalized using variables that affect energy use (3.14) and/or consumptio
vel, degree’days (outdoor temperature), etc.

0-50001:2018, 3.4.7, modified — “city, region or country” has been added at the end of

tured

ctical
vious

1 to entry;

3.7

otes 2,3 and 4 toentry have beenremoved; anew Note 2 toentry has beenadded.]

energy consumption
quantity of energy (3.5) applied

[SOURCE: IS
3.8

050001:2018, 3.5.2]

energy efficiency
ratio or other quantitative relationship between an output of performance, service, goods, commodities
or energy, and an input of energy (3.5)

EXAMPLE

Conversion efficiency, energy required/energy consumed.

© ISO 2019 - All rights reserved
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Note 1 to entry: Both input and output should be clearly specified in terms of quantity and quality and be
measurable.

[SOU

3.9
ener

RCE: IS0 50001:2018, 3.5.3]

gy end-user

individual or a group of individuals or organization with responsibility for operating an energy using

syste

m (3.15)

Note 1 to entry: The energy end-user may differ from the customer who might purchase the energy (3.5) but does
not necessarily use it.

[SOU

3.10
ener
meas

[SOU

3.11
ener
EPIA
acti

ener{(
econ

Note
Note

Note
contd

[SOU
defin

3.12
ener
EnP]
mea

RCE: [SO 17743:2016, 3.5]

gy performance
urable result(s) related to energy efficiency (3.8), energy use (3.14) and energy consumf

RCE: 1SO 50001:2018, 3.4.3, modified — Notes 1 and 2 to entry have(been removed.]

gy performance improvement action

or measure or group of actions or group of measures implémented or planned intende
y performance (3.10) improvement through technological, managerial or operational, |
bmic, or other changes

1 to entry: In other documents (e.g. ISO 17742), “elementary unit of action” is used instead of H

3 to entry: EPIAs can be tailored (relatingto a specific situation) or pre-specified (relating
xt).

RCE: I1SO 50015:2014, 3.5, modified — “within an organization” has been delete
ition; Notes 1, 2 and 3 to entry have been added.]

gy performance indicator

ure or unit of erergy performance (3.10)

tion (3.7)

d to achieve
behavioural,

PIA.

P to entry: EPIAs can have other purposes than'saving energy (3.5), for example, to reduce peak loads.

to a general

d from the

nature of the

ed from the

Note [l to entry: EnPIs can be expressed by using a simple metric, ratio or a model, depending on the|
activ]ties beingmeasured.

Note P toentry: For additional information on EnPIs, see ISO 50006.

[SOURGE: ISO 50001:2018, 3.4.4, modified — “as defined by the organization” has been dele
definition.]

3.13

energy savings
reduction of energy consumption (3.7) compared to an EnB (3.6)

Note

[SOU

© ISO

1 to entry: Energy savings can be actual (realized) or expected (predicted).

RCE: ISO 17743:2016, 3.8, modified — Note 2 to entry has been deleted.]
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3.14
energy use

:2019(E)

application of energy (3.5)

EXAMPLE

Ventilation, lighting, heating, cooling, transportation, data storage, production process.

Note 1 to entry: Energy use is sometimes referred to as “energy end-use”.

[SOURCE: IS
3.15

050001:2018, 3.5.4]

energy using system

physical itens with defined system boundaries (3.2), using energy (3.5)

EXAMPLE
[SOURCE: IS
3.16

measure-based method

determinati

Note 1 to ent|
calculating u

[SOURCE: I
“end-user a
been replacg

3.17
operating d
description

EXAMPLE
conditions, e

3.18
predicted ¢
PrES
energy savin

Note 1 to ent

3.19
prediction

defined perjod of time‘over which the PrES (3.18) are calculated

3.20

Facility, building, part of a building, machine, equipment, product, etc.

O/1EC 13273-1:2015, 3.1.9]

pon of energy savings (3.13) from EPIA(s) (3.11)

ry: When calculating aggregated PrES (3.18) (for cities/regions/coufitries), the process startg
nitary PrES (3.22) at the EPIA level.

0 17742:2015, 2.29, modified — “energy performance.jmprovement action(s)” has rep
'tions using unitary energy savings and elementary~urhits of action”; Note 1 to entry
bd; the example has been removed.]

onditions
pf the conditions under which energy using'systems (3.15) are operated

Temperature setpoint, volume of-production, types of products, driving style, we
[C.

nergy savings

gs (3.13) calculated prior to the implementation of EPIA(s) (3.11)

Fy: PrES are also kilown as expected or ex-ante energy savings.

period

with

aced
y has

ather

calculation

assumptions

conditions chosen for calculating PrES (3.18) in order to make the EnB (3.6) and the predicted energy
consumption (3.7) comparable

3.21

reference data
data relating to a general context

Note 1 to entry: When available, context-specific data (3.3) are preferred.

EXAMPLE

construction,

National statistics about the average heat transfer coefficient of walls according to the year of

annual lighting hours based on similar facilities.

© ISO 2019 - All rights reserved
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3.22

unitary predicted energy savings
unitary PrES

PrES (3.18) calculated for a unit being a single EPIA (3.11) or a group of EPIAs implemented at the same
site or by the same organization or energy end-user (3.9)

3.23
validation
review, agreement and approval of proposed choices or decisions, by the stakeholders

4

4.1

+ + annd e oras alcnlatio £fD-EC

hioctivac caontaxw 3 locnfe 3 n-o
JU,D\;LIV\/O, CUIILLUATL diluv Pl lllbll}l\/ﬂ Ul CAITUIAdUIVII VUL I T LYy

Clarifying the objectives

The ¢hoice of a calculation method depends substantially on the context and objectives of th
of P1fES. Before calculating PrES, objectives should be specified as described in-5.4. Exam
objegtives are:

Bene

arriving at preliminary stage investment decisions (rough estimate to identify EPIA opj
fanking EPIAs while developing an action plan;
laking final investment decisions (a detailed or comprehénsive estimate is required);

performance monitoring of an energy management system or an energy performance
further comparison between predicted and actual.energy savings).

PrES|should be considered in making a decision:

Specjfying the objectives is important in determining the applicable clauses of this docume]

ijective = to determine PrES at the'level of an EPIA — Clause 7 does not apply;

bjective = to determine aggregated PrES — all clauses apply.

Anngx A provides more details-about the main criteria to take into account while using thig

Analysing the context

Wheh calculating/PrES, two general situations can be considered:

a)
b)

]: whichdata are based on a specific context (context-specific data);

which data are based on a general context and independent of a specific context (reféq

b calculation
bles of some

bortunities);

fontract (for

fits, risks, costs or other factors that influenc¢e the accuracy, timeliness or cost in caliculating the

nt:

document.

rence data).

BothlsitUations can r‘n-nvicf} as H’\ﬂy are not mnhl:\”y exclusive As far as pnccih]p, the us

b of context-

specific data is recommended as it results in higher accuracy. Reference data may be considered when:

the specific context is not known in advance; or

— many EPIAs are being assessed, which makes it very difficult or costly to collect context-specific

data for each EPIA.

The choice between context-specific data and reference data also depends on the calculation objectives
(as shown in Figure 2, see also the examples in Table A.1).

© IS0 2019 - All rights reserved
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Analyzing calculation objectives
(5.4) and data availability (5.5)

High accuracy
needed?

(e.g. investment
decision)

Context-specific
data easily
available?

Reference data
can be adequate?
(e.g. rough
estimate)

v

(ontext-specific data Reference data
Recpmmended in particular when Most often used when
chlculating PrES at project or calculating PrES at
organization level city/region/country level

Figure 2

The following examples describe situations in which .context-specific data, reference data

combinatioj

— context

— confract or agreement between a service provider and a customer;

— rec
— ass
— referen

— acc
effi

— imp

— combin

| of both are required:

specific data:

bmmendations of an energy audit;
essment of PrES while preparing a project;
fe data:

punting or crediting of energy savings for an energy efficiency obligation scheme or er
riency portfolie,standards[14];

act assessment of a future energy efficiency policy or programme;

bd sitwations:

— the

energy cnvingc of the same EPIA considered hy acompany can be calculated with con

- Indicative decision path for choosing between centext-specific and reference data

or a

ergy

text-

specific data through an energy audit to ascertain the particular energy performance
improvement it can bring to the company, and with reference data to ascertain the energy
savings that could be credited if the EPIA were reported for an energy efficiency obligation
scheme having its own rules for calculation of PrES.

In some cases, the PrES can be determined while comparing alternative potential EPIAs. For example,
in determining which change(s) or new installation of lighting to designate as the EPIA, an organization
might predict the energy savings of several candidate EPIAs. The PrES of the selected EPIA will have
already been determined.

© ISO 2019 - All rights reserved
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4.3 Principles

4.3.1 General

The general principles (detailed in 4.3.2 to 4.3.5) provide the basis for the calculation of PrES. The
overall aim of the calculation methods is to provide reliable results in order to give confidence to the
stakeholders when making a particular decision or pursuing a particular course of action.

The principles to ensure the quality of the PrES are:

— initial planning (simultaneous design of the EPIAs and their calculation);

dppropriate level of accuracy;
— fransparency and reproducibility (of the calculation methods and of the PrES);

— Tteliability and validation.

4.3.2 Initial planning
Initial planning helps to ensure the feasibility of calculation.

Planhing the calculation process simultaneously with the design-of EPIA(s) makes it possible to account
for the available resources and time (in particular the budget@nd the timing of the decisior] to be made,
and the resources and time required for different calculation methods). Analysis of datd availability
and quality is particularly important while preparing for’the calculation process (see Clause 5 for more
detalls).

4.3.3 Appropriate level of accuracy

An appropriate level of accuracy should be(selected depending on the objectives of the ¢alculations.
Accufracy of the PrES is considered to be appropriate when the stakeholders have confidende in using it.
It dogs not always need to be the highestpossible level. Assumptions that make the calculatjons simpler
and that are consistent with the calctldtion objectives may be used if agreed to by the stakgholders[10].

The requirement about accuraey might differ greatly, for example, between the case of an §pproximate
estinmation to evaluate whethérto implement alow-investment EPIA and the case of a detailefl estimation
to evialuate a high-investntent EPIA. The costs of calculating PrES might thus differ greatly} mainly due
to differences in the resources needed to collect additional data and/or to perform additiopal analyses
(see the example in Almex E).

Mor¢ details about accuracy and uncertainty are provided in Clause 8.

4.3.4 Transparency and reproducibility

To enjsupe transparency and reproducibility, this document identifies the information to be locumented
at each step of the calculation process. Documentation 1s the Key to ensuring that the PrES can be
understood and used in a correct manner. Transparency should make it possible for external experts
to reproduce the calculations and results. See Annex B for an overview of documentation guidance,
Annex C for an example of documentation template and Annex D for an example of using this template.

4.3.5 Reliability and validation

Reliability of the results can depend on several criteria, including:
— the choice of the calculation method;

— the availability and quality of the data to be used;

— the expertise and experience of the team applying the method;

© IS0 2019 - All rights reserved 7
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— the accuracy of the PrES (combination of the method, the expertise and the means used).

Limitations of data are a frequent problem faced in calculating PrES, particularly while using advanced
methods or modelling. Likewise, many of the methodological choices made while calculating PrES can
raise questions leading to a decrease in the confidence of the stakeholders in the PrES.

The validation process is the key to ensuring reliability of PrES. The validation aspects are therefore
highlighted at each step of the calculation process. See Annex B for an overview.

The validation process should be adapted according to the context and the calculation objectives. For
simple cases, the validation process might be carried out in a single meeting. In complex cases, the

validation p

Irrespective
can also inc

compar

using a

verifica

EXAMPLE

change in th
building simy
of a third par]

In this docu
imply an a

organizations are endorsing the related decisions.

5 Prepa

5.1 Gene

The calcula
iterations n¢
process for

Qcess mighf require iterations and different steps

of the case, the validation should include an agreement by the stakeholders. The xalid
ude (according to the calculation objectives and context):

son of the PrES with values obtained by another calculation method;
Fecognized and proven reference or data source;

Lion by a third party.

In the case of building insulation, the energy performance improevement can be assessed

e thermal performance of the building envelope. The result cambe compared with the resu
lation, using recognized and proven reference values availabléintechnical guides, or with fee

Iment, the distinction is made between a check andvalidation. A check does not necess
breement that the proposition is correct, while validation means that the per§

ration and selection of the calculation method

ral

Fion of PrES is an iteratiyéiprocess that is used to meet the calculation objectives
beded are a function of the-eomplexity of the considered EPIAs. Figure 3 shows this iter
h general case.

ty based on experience of wall insulation using similar insulation material and characteristics.

htion

as a
of a
back

arily
ons/

The
ative
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(Clause 5)

Agreement with
stakeholders?

Several EPIAs?
. *

Calculation of PrES
i at the EPIA level
Calculation of PrES (Clause 6)
at the EPIA level
(Clause 6) Aggregation of PrES
(Clause @)

NO

greement wit
stakeholders?

OTHER ISSUE(S)

Issue with the calculations
or assumptions?

A sinpilar iterative process can’be used while designing or specifying an EPIA.

Figure 3 — View of the iterative process to calculate PrES

This|clause describes thie’key aspects that should be considered while preparing for the calculation of
PrES|and choosing the’ calculation method (as presented in Figure 4). This applies to theg calculation
of PrES in both cases: at the level of an EPIA and for aggregated PrES from an action plan,|programme
or policy. The caleulation process at the EPIA level is described in Figure 6 of Clause 6. Thee next steps

while aggregating PrES are presented in Figure 8 of Clause 7.
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Start preparation (Clause 5)
(=2 Preliminary analysis of the needs, actors and resources)

v

5.2 Identification of stakeholders
(> Clarification of their roles + who is involved in the decisions)

v

5.3 Description of an EPIA

(> Context of the future implementation of the EPIA)

v

5.4 Calculation objectives
and required accuracy for the PrES

L 4

5.5 Data availability and
quality

iterations

5.6 Selection of the
calculation method

Additional data and resourcés needed

v

5.7 Validation

NOTE It
calculation nj

5.2 Idenfification of the’stakeholders

Preparation|
their role, p

EXAMPLE
energy comp

Figure 4 — Overview of the preparation process

brations can be needed when'there are disagreements among stakeholders or while selectin
ethod if no solution capbe found to meet the data requirements.

starts withsthe identification of stakeholders involved in the EPIAs under evaluation a
[orities,‘objectives and constraints.

Stakeholders can be investors, providers or installers of EPIAs, regulatory bodies, public age
hidies, energy auditors, energy end-users, customers or beneficiaries of EPIAs, or services aim

g the

ind of

hcies,
ng at

saving energy-

The clarification of the role of each stakeholder is important for the success of the calculation process.
Different stakeholders might be involved in data collection. It is important to clarify which stakeholders
need to give their assent to the methodological choices and decisions to be taken (see Figures 3 and 4),
and which stakeholders need to take part in the validation of the PrES (see 5.7). In a simple case, the
agreement can be between a service provider and its customer, whereas validation can be done by the

customer.

The stakeholders can decide what should be reported. Reporting is based on the documentation of the
PrES and calculation method.

10
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5.3 Description of an EPIA

5.3.1 General

Description of an EPIA includes explanations of:

— the energy-using system(s) targeted by the EPIA;

— how the EPIA is expected to improve the energy performance of this energy-using system.
EXAMPLE1 Energy performance 1mprovement in the case of bulldlng 1nsu1at10n is llnked to a change of
t is therefore

specific to the characterlstlcs of the EPIA (types of materlals thlckness etc.), Wthh achieves amirlcrease in the
energy efficiency of the building.

EXAMPLE 2  Installation of sensors and controls can avoid lights remaining on whenmno"one ig present in a
room|. In this case, the energy performance improvement is directly the difference in the energy cojjsumption.

EXAMPLE 3  Inthe case of an eco-driving programme for cars, the energy perfofimance improverpent will be a
change in an EnPI: the lower specific energy consumption expressed in litres/kim travelled.

The dlescription of an EPIA also specifies the implementation and opérating conditions. Thif includes:
— adescription of the system and environment in which an ERIA will be implemented;
— the planned operating conditions of the energy using system and the EPIA;

— hether requirements apply concerning the EPIA implementation (e.g. minimum energy
performance requirements defined in a regulatiof)-

5.3.1 General types of EPIA
When calculating PrES, it can be convenientto distinguish two general types of EPIA:

— ﬂﬁ"e—specified EPIA: description ofthe EPIA mainly based on reference data (see 4.2 and [the example
Annex D);

— failored EPIA: description©fithe EPIA mainly based on context-specific data (see 4.2 and|the example
in Annex E).

5.3.3 Boundaries of\the EPIA and PrES

As an EPIA can dffect an energy using system other than the targeted one(s), the bourldaries used
for cplculating the PrES (PrES boundaries) might need to be expanded from the corresppnding EPIA
boundaries.

PrES|botindaries should encompass all energy-using systems affected by the EPIA, unless the choice to
negl¢ctior exclude an energy-using system from the PrES boundaries can be justified and agreed upon
by designated stakeholders (and the agreement recorded).

Definition of the PrES boundaries should be based on the analysis of the calculation objectives and
data availability (see 5.5). A literature review might be helpful in identifying the most appropriate
boundaries.

Analysis of the PrES boundaries should also include a review of the possible interactive effects
between energy-using systems that might be indirectly impacted by implementing the EPIA but were
not explicitly targeted by the EPIA. Accounting for interactive effects can arise in projects installing a
large number of, or types of, EPIAs (see 7.3). If careful definition of the boundaries of the EPIA and the

© IS0 2019 - All rights reserved 11
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PrES does not satisfactorily account for interactive effects, this should be documented along with any

additional d
EXAMPLE

ata or analyses used to account for their effect.

Energy consumption for air conditioning might be indirectly affected by changing to a

efficient lighting system that produces less heat.

534 Key

questions about the planned implementation of EPIAs

more

The preparation of the calculation process includes an analysis of the context of the EPIA’s planned
implementation (and potentially of the related programme or policy).

— What arethemainobjectivesof deploying the EPIA?

EXAMP]]
savings

— Who will be involved in the implementation of the EPIA?

EXAMPIL
operatof
on or gr3

— Whatai

Considd
and non
benefitd

— Will thg

EXAMPIL
portfolid

— Is the ij
savings

EXAMPI
by them

5.4 Calcu

The analysi
account the

— What wiill the calculation result be used for? (See 4.1.)

— To whomn willithe results of PrES be communicated?

E1 Reducing energy bills, increasing comfort, improving competitiveness, meeting.e
br environmental targets.

E2  For the installation of an energy-efficient boiler: this might include thé\installer, the bu
, the customer, the energy auditor advising on the new boiler, a public agency)providing inform
nts for the replacement, or a third party providing a financing solution.fefthis EPIA.

e the expected costs and benefits of implementing the EPIA?

r which costs and benefits to include (e.g. easily quantifidable elements like equipment
-financial benefits like comfort). Also consider which entity incurs the costs or receivg
and in which timeframe.

EPIA be implemented within a particular action plan, programme or policy?

E3  Action plan of an organization, energy(éfficiency obligation scheme or energy effig
standards, subsidy scheme, energy audit programme.

mplementation of the EPIA expected-to encourage actions with effects beyond its d
p

E4 Implementation of the EPIA might demonstrate its effects to others resulting in its ado

lation objectives and required accuracy

5 in 5.3.4 makeS§-it possible to specify the calculation objectives (see 4.3.3), taking
following three key questions.

hergy

lding
ation

rosts
s the

iency

irect

ption

into

EXAMPIEL Energy end-users, site owners, energy managers, investors/financiers, contrd

cting

stakeholders, regulatory bodies or public authorities.

— Do legal or other requirements apply to the calculation and/or the reporting of the PrES?

EXAMPLE 2

It can be necessary to use data from regulations on energy performance of products or

buildings, or to apply the rules of an energy efficiency obligation scheme or energy efficiency portfolio
standards.

The accuracy targeted for the PrES can then be defined taking into account the calculation objectives,
based on these questions.

12
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Data availability and quality

The preparation of the calculation process includes:

consumption;

the calculation model or formula, and reference values);

areview of the possible means of collecting additional data;

areview of the data sources about the planned EPIAs and how they are expected to affect the energy

a review of the available data sources about similar previously implemented EPIAs (in particular,

— q

Exan
infor
stati

Data

| review of the quality of each data source.

ples of data sources: energy bills, device invoices, energy audits, surveys,exper
mation from similar EPIAs previously implemented, manufacturers’ data;-nationa
stics, standards.

availability can be classified into the following three categories[10]:

a)
b)

c)

Thes
need|
need
quali
agre

NOTH
5.6

5.6.1

In gd
[see

ata already available and/or routinely provided,

ata that could be collected by available means and with ayailable expertise (for daf
nd analysis),

ata that would require additional resources for collection and/or expertise.

e categories can be used to identify the resources,needed for data collection accor
s and collection options. The assessment of the resources needed includes an ang
s for verification and analysis of the data quality necessary to achieve the accuracy ta
ty and any issues should be documented. Third party verification should be consider
bment with the stakeholders.

More information about data, in particular for buildings, can be found in ISO/TS 50008.
Selection of the calculation method

General types and choice of the calculation method

neral terms, PrEStreflect the difference between an EnB and a predicted energy o
b.6.4 and Formula{1)]. A calculation method consists of three main components, which|

to dd
with

termine the EnB (see 6.3) and the predicted energy consumption (see 6.4). This sub
the selectionrof these components, while their implementation is presented in Clause

components.are given in Table 1.

Table 1 — Main components of a calculation method

t estimates,
| (or other)

a collection

ling to data
lysis of the
rgeted. Data
ed based on

onsumption
can be used
clause deals
6. The main

Components of the calculation method Possible alternatives

Type of data analysis (see 5.6.2)

engineering modelling

Empirical estimation, statistical modelling,

Data collection techniques and sources (see 5.6.3)

Measurements, metering, monitoring of selected
variables, sampling, literature review, benchmarking,
design data, etc.

Type of calculation formula or model (see 5.6.4)

See Formulae (1) to (4) (in 5.6.4)

5.6.2 Type of data analysis

The calculation method is described according to the type of knowledge or expertise used to analyse
the datall0][11], The different options for measure-based methods can be summarized in three types of

data analysis, as given in Table 2.

© IS0 2019 - All rights reserved
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Table 2 — General types of data analysis

Type of

data analysis Examples

Empirical estimation

testing, etc.)

Expert knowledge and/or use of previous analyses (benchmarking, laboratory

Statistical m

odelling Regression models, randomized treatment/control models, conditional

demand models

Physics-based (or
engineering) modelling

engineering, etc.

Algorithms or simulations using thermodynamics, heat transfer, electrical

These three types of data analysis may be combined for the calculation of PrES (e.g. for bottom-up stock

modelling). The determination of the EnB is described in 6.3.

Choice of the method (or combination of methods) to be used should be based on:

— analysig of the calculation objectives (see 5.4) and the accuracy required;

— whethef data to determine EnB are available or not (see, for example, the case@fnew energy using
systemg or devices);

— data availability (taking into account their reliability) (see 5.5);

— feasibil]:y and costs of additional data collection that might be needé&d;

— availablle resources (e.g. personnel, devices, software, financial resources) and time needg¢d to
implement the method (or combination of methods);

— expertise of the personnel.

The specifidation of a calculation method is based on: the research of available references for similar

EPIAs, proviiding a basis for possible EnBs, calculation formulae/models, data collection technifues,

data source$, experience feedback, etc. (see, for example, References [10], [11], [12] and [13]).

5.6.3 Data collection techniques and sources

The calculatiion method includes specifieation of data collection techniques (see the examples in Table 1)

and data soirces in order to meet the'data needs (based on the preliminary analysis described in 5.5).

It is importdnt to take into accountithe calculation objectives and available resources in order to enjsure

the best possible quality of data. Data collection techniques and sources are chosen on the bagis of

their reliability and cost. In~Cases of missing data, the assumptions made should be documented ih the

calculation 1

method.

5.6.4 Typle of calculation formula or model

5.6.4.1 G

tneral formula

Calculation of the PrES is specific to each type of EPIA and energy using system. It starts from the
general formula, i.e. Formula (1):

PrES=e

nergy baseline —predicted energy consumption

€y

The same boundaries are used while determining the EnB and the predicted energy consumption.
If this is not possible, the justifications for the differences should be included in the documentation.
EnB and the predicted energy consumption shall be made comparable by ensuring that the operating
conditions are equivalent (see Figure 5). This should be taken into account while specifying the
calculation assumptions (see 6.5.1).
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Formula (2) can be used as an adaptation of Formula (1).

PrES =energy baseline x predicted energy savings ratio

with

predicted energy savings ratio=1- [ predicted energy consumption J

energy baseline

(2)

3

While determining an EnB or predicted energy consumption, two cases can occur (see ISO 17742):

Thesle types are not mutually exclusive. In practice, situations involving a‘combination of
can i

NOTH
from

Wherever possible, actual energy consumption data should/bé obtained, as it usually i
all the technical and usage characteristics of the specific\EPIA being assessed and is t
basif
char
cons

o determine EnB or predicted energy consumption without any revision;

yariables (see Formula (4) and Figure 5).

e encountered.

Type I for predicted energy consumption usually means that energy consumption data
similar EPIAs previously implemented in similar conditions.

for determining an EnB. Wherever this is not possible, an effort should be made to

imption that would have occurred. Credibilitycan be increased if:

documented; or

the inputs and model development.ave documented and compared to historical norm
available; or

tthe model used is fully disclased to stakeholders who agree to its use, and the calculatid
documented.

type I for cases in which energy consumption data are available or can be collected, and

can be used

tlype II for all other cases, where energy consumption will be determined from”"a combination of

both types

are available

jncorporates
he soundest
rreate these

hcteristics so as to calculate the energy consumption that best represents the bas¢line energy

the EnB is calibrated with data from actual energy consumption and the results of th¢ calibration

5, if they are

n method is

mation. The

anned to be

b (2) and (3).

and the data

e Ineasured for

both models within the same test (operatmg) condltlon and thls COIldlthIl is con51dered as the average condition.
The manufacturers’ data on the old refrigerator might not reflect age-related reduction in energy performance.

EXAMPLE 2

[For Formula (3)]: A pilot project on eco-driving found that it was possible to redu

ce the EnB of

the participating drivers by 10 % on an average. The predicted energy savings ratio can, therefore, be estimated
at 10 % when the same eco-driving approach is used.

© IS0 2019 - All rights reserved
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5.6.4.3 Type Il calculation

The EnB for type Il can be determined using statistical or engineering modelling, or a combination of
both. In this case, the adaptation of Formula (1) is given by Formula (4).

PrES=f(X1;Xz;...;Xi;...;Xn)—g(Xl;Xz;...;Xl-;...;Xn) 4)
where

f() isthe function used to represent the EnB;

g(0 is the function used to represent the predicted energy consumption;
X isajvariable affecting the energy consumption;
i isthe index for the variables.

The documgntation of the calculation formula or model should explain the variables'faken into accpunt.

Figure 5 sHows a way of using Formula (4) for determining the EnB and’the predicted energy
consumptiop.

Anglysing the energy Analysing t}.le. operating Analysing the EPIA
using system conditions

< ¥ l

[a B}

‘f) v Ensuring both operating m
< dentifying the conditions are equivalent Identifyingthe changes ]
5 vafiables impacting v broughtby the EPIA &
S engrgy consumption 4 . ] A &
= Specifying the calculation l 5
; * assumptions B
s ( ) L (see'6.5.1) ) 4 _ \ B
7 i . ) Calculation model: @
> Cdlculation model: p | - predicted energy 5
oo | enengy baseline = f (... i v g
E A () input data consumption = g (...) §
3\ J . J =
63 v v g
S N 4 bredicted \ =
- Energy baseline ;( Calculation of the PrES ]4 rceorllzuemsgslr’lgy >

(see 6.3) 'L (see 6.5.2) J
L ) L (see 6.4)

Figure 5 — Type II calculation

Examples of using Formula (4) are provided in Annex D, showing a case where the form of the functions
f() and g() is the same, and Annex E, showing a case where the forms of the functions f() and g() are
different.

The choice of the values to be used in the formulae is further explained in 6.3 to 6.6.

5.7 Validation

The acceptability and usefulness of the PrES will be increased if the key data available (see 5.5), the
possible options of calculation methods (see 5.6) the main data needs (applicable to different options)
are documented and validated.
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Validation of the description of an EPIA should include an agreement by the stakeholders on:
— technical specifications of the EPIA and its implementation and operating conditions;
— PrES boundaries;

— selection of the variables.

The related information should be documented.

Validation should also include a review of literature to check that the technical characteristics of the
EPIA, the range of operating conditions, the boundaries and the selected variables are consistent with
thoKncountered In similar situations. Where there are dilferences between the proposed description

of ERIA and other specifications encountered in the literature, a justification should bexiidluded in the
documentation of the calculation method.

Stakeholders should understand and agree with the calculation of the PrES basedon the determination
of the following:

— Elanning of the calculation process (where checks and/or validation$ dre needed, and the due date
y which calculation needs to be completed);

— 1oles of each stakeholder (in particular, for data collection and validation);
— oObjectives of calculating PrES and the targeted accuracy;

— analysis of the data quality;

— ¢hoices of possible additional data collection;

— ¢hoices of the calculation method, calculatio@formula, and data collection techniques gnd sources;
— fesources committed and cost of calculation of the PrES.

In sojme cases, validation might be obtained by confirming that written requirements (e.g{ laws, codes
or regulations) have been followed.

NOTH Higher accuracy usuallysresults in higher costs. Stakeholders can agree on the approprjate accuracy
by taking into account the calculation objectives and the resources available.

The [following information) will typically be included in the documentation to enable|third-party
reproducibility:

— the referencesiused to select the variables, and to specify the formula or model;
— the datafieeded, and the corresponding data sources used;

— thefrequency of data collection (e.g. per month, per year) and dates;

Validation also includes a check to compare the specified calculation method with calculation methods
used in similar situations and for which documentation is available. In case of differences, justification
should be documented in the calculation method.

Many references are available on methodologies and methods for calculating energy savings. Sources
are also available to provide case studies or other forms of experience feedback and sharing. Examples
of sources can be found in References [10] to [13].

When decisions from the preparation require significant discussions, these discussions should be
documented.
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6 Calculation process for an EPIA

6.1 General

This clause:

6.2 Overall calculation process

Irrespective
between the
highlighting the key steps of the process and their aim. This process can be iterative:
| Energy baseline Ir
L 2
Predicted energy
consumption

describes the calculation process at the level of an EPIA or a group of EPIAs that are implemented at
the same site or by the same organization or energy end-user;

highlights the important steps for successful calculation;

emphasy

ers.

of the calculation method used, the calculation of PrES aims at calculating’the diffefence
EnB and the predicted energy consumption. Figure 6 shows the overall calculation prdcess,

What is the initial situation?

U

Assessment of the predictedenergy
performance improvement

Y

v

calculation

v

v
| Validation F

6.3 Determination of the EnB

6.3.1 Genleral

A
v

/R
v

Energy savings Specification.ofthe calculation

assumptions

Energy savings Predicted’energy savings over the
over time prediction period

\

rom an assessment to a

result

Figure 6 — Qverview of the calculation process

Taking intojaccount4he data availability and reliability (see 5.5), the EnB is determined accordipg to

the followinjg steps:
— choosinE

the'type of EnB according to the calculation objectives (see 6.3.2);

— determining the baseline period (specifying the dates and duration of the baseline period; see 6.3.3);

— collecting the data needed;

— determining and validating the EnB (see 6.3.4).

Complementary guidance about the determination of an EnB can be found in ISO 50006.

18
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6.3.2 Types of EnB

Four types of EnBs with their purpose are shown in Table 3. These four types result from a combination
of two situations and two types of comparison:

— types of comparison (see [SO 17743):
— before/after (time-related);
— without/with (case-related);

types of situation (see 4.2):

— context-specific (see the examples in Annex E);

— general context (use of reference data) (see an example in Annex D).

Seleqting the type of EnB to be used takes into account the analysis of the calculation objectjves, and the

requ
a uti

How

comparisons obvious, as these are not equally applicable. If the)two are equally apj
bholders can be consulted.

stakg

For

rements that can apply to the EPIAs (e.g. if the EPIAs or groups of EPlAs’are to be a
ity programme, an energy efficiency obligation scheme or energy efficiency portfolio {

the EPIA is implemented or the PrES used can make the choice between the ty

rojects, the most common type of EnB is “context-specific before”.

Table 3 — Types'of EnB

counted for
tandards).

vo types of
blicable, the

Tylpe of energy p Examples (for the EnB in the ccase of
. urpose .
baseline areplacement of a refrigerptor)
“Conftext-specific To represent the actual situation before |Metered energy consumption of the refrigerator
befofe” the implementation of the EPIAs to be replaced
“Conftext-specific  |To represent whatweuld be the situ- Energy consumption of the new refrgerator
withjput” ation without implementation of the that a given household was planning to buy,
EPIAs, at the same time horizon as before being offered a grant for another
when the EPTAswould be implemented |refrigerator with a higher energy efficiency
“Reference before” |To represerit a reference situation be- |Average energy consumption of the $tock of
fore the implementation of the EPIAs refrigerators for the area considered
“Refe¢rence without” | To represent a reference situation with- | Minimum energy performance requirements set
out'the implementation of the EPIAs by legal or other requirements, or market average
“Congext-specific~without” is mostly used when considering EPIAs to be implemented for a new
building or plant, and when it is therefore not possible to have data about the situation befofe the EPIAs
are implemented but data specific to the planned new building or plant are available (e.g. size of the
buildlng, number of occupants) When usmg a context spec1f1c without” baseline the sityations to be
example, in

the case ofa new bu1ld1ng, the * context—spec1f1c w1thout EnB can be calculated based on the minimum
requirements of the current building code for the same building size and functions as for the new
building that is planned to be built. The method should also explain which characteristics were taken
into account to ensure that both buildings are comparable.

When average characteristics are used as a reference, the representativeness of the average is a key
criterion for the analysis of data quality. This analysis takes into account the extent to which the
conditions of the EPIAs for which the PrES are being calculated are similar to the conditions for which
the reference values have been determined. In cases where the scatter around the average value is not
symmetrical, using average values might not be appropriate.
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6.3.3 Baseline period

The specification of the baseline period includes the duration of the baseline period, mentioning the
starting and ending dates.

EXAMPLE 1 Baseline periods: One year from 1 January to 31 December, one heating season from 1 October to
31 March, or one working week from Monday to Friday.

The baseline period is distinct from the data collection period that represents the number of operating
cycles and corresponding dates of the data set used to determine the EnB.

EXAMPLE 2  Data collection period: When determining the EnB of a camping site, the data collection period
can be three fummers (each from I5 June to 15 September).

Different chpices of the baseline period can be made using the same collected data set:

— the basg¢line period can be specified using several, but not all, operating cycles included in the|data
set, selgcting the most representative operating cycles;

— the basg¢line period can be specified to be equivalent to the data collection perijod;

— the bas¢line period can be specified to be equivalent to one operating cyele, using average values
from thg data collection period.

The operating cycles in the data collection period should be chosen to\be representative of the typical
operating cdqnditions. The duration of the baseline period should be'chosen to be long enough to capture
operating cqnditions representative of a normal or planned activityytaking into account the variabiljty in
operating p4tterns. The most common duration for the baselineperiod is a year (12 months), in partifular
for energy end-uses where the energy consumption is weather-sensitive. The starting and ending ¢lates
are chosen ih order to be consistent with the dates of the data collection (e.g. metering dates).

In addition fo the variations observed within one cycle (e.g. due to seasonality), there might also be
variations ffrom one cycle to the other (e.g. due to-a difference in the heating degree days from one
year to the pther). It may then be necessary ta include several cycles in the data collection peripd to
determine the EnB, in order to avoid the EnBheing biased by unusual conditions.

In some sityations, it is possible that data'collection occurs over a shorter time frame than the baseline
period. For ¢xample, when building lighting schedules do not change throughout the year. A few mojnths,
or even weeks, of data can be adequate to calculate a full year of baseline lighting energy consumgption.
Another exgmple is when modelling that normalizes for different operating conditions can reduce the
required lerjgth of the baseline measurement period.

The rationale for the chaige.of data collection period(s) compared to the baseline should be documgnted
and reviewqd with the'stakeholders.

NOTE1 When sufficient data are available, the minimum number of operating cycles to determine th¢ EnB
can make it possiblé to identify trends in energy consumption.

NOTE 2  Whemenergy comsumptiomr beforethe EPtAsigmificantly increases or decreases {e-g—due toother
EPIAs or to variations in energy prices or economic cycles), using average values may not be appropriate. In these
cases, the determination of the EnB will take into account an analysis of the trends observed.

6.3.4 Determination and validation of the EnB

Irrespective of the type of calculation formula (described in 5.6.4) and EnB (see 6.3.2), determination
of the EnB should include a description of the baseline period operating conditions. These operating
conditions are the values of the variables that are the cause of the energy consumed within the PrES
boundaries over the baseline period. Unless the calculation objectives justify a different choice, the
baseline period operating conditions should be chosen to represent the typical operating conditions,
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i.e. the most frequent or normal operating conditions. In cases where different operating conditions are

used,

NOTE 1

explanations for this choice should be documented.

The typical operating conditions will generally be different from design specifications

load curve versus nominal power rating of a motor).

Examples of baseline period operating conditions:

— for an industrial process: types of products and related production volumes;

— for buildings: occupancy rate, setpoint temperature, weather conditions;

— fortramsportdistancetravetted, wetghtcarrted

The |
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NOTH
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NOTH
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Valid
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6.4
The |

Asse

baseline period operating conditions might then be changed while calculating the'PrE
der to make the EnB and the predicted energy consumption comparable.

h it is not possible to collect sufficient data to detect possible trends in past energy c
prresponding explanations should be documented in the calculation méthod.

related to unusual conditions (e.g. energy consumption during-4efurbishment wq
kcluded from the determination of the EnB, unless its use cantbe justified. Such daf

2 The data used to determine the EnB can require updating during the calculation
ple, when the decision to implement an EPIA has been postponed. Likewise, reference val
et average) can require updating if the same calculation method is used repeatedly over time
rket average might need to be updated each year or egery three years, when used as referer
y efficiency obligation schemes or energy efficiency:portfolio standards).

3 In the case of implementing the EPIA prioFto the failure of the existing equipment, the

ment for the period up to the end of its rémaining expected lifetime; and the second part
y consumption using the difference in efficiency between the EPIA and the equipment that wo
ced by the user when the existing equipment failed. The period for the second part will be
1 life of the EPIA shortened by the remaining useful life of the existing equipment.

ation of the EnB should include an agreement by the stakeholders about the choice o
and the values to be used (for the energy consumption and/or for the selected variables
e EnB can also include-a check through a comparison with similar data (benchmarking
listinct calculationsmiethods.

Determination of predicted energy consumption

bredicted energy consumption is determined by analysing the changes brought about |

ssmentof the improvement in energy performance should include analysis of the data]

doc

(e.g. average

5 (see 6.5.1),

bnsumption,

rks) should
a should be

process. For
les (stock or
e.g. the stock
ce values for

organization

hoose a baseline with two parts: the first partwiould predict energy consumption of the existinig operational

yould predict
ld have been
the expected

[ the type of
). Validation
or by using

by the EPIA.

available to

nient the expected lmpact ofan EPIA to be lmplemented Thls expected 1mpact mlght be

areduction
g system.

This assessment can lead to definition of a calculation model for the predicted energy consumption.

Assessment of the improvement in energy performance is combined with the specification of the
predicted operating conditions (see Figure 5 and 6.5.1) to determine the predicted energy consumption
(see 6.5).

In addition, it should include explanations about conditions of validity, as shown in Table 4.
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Table 4 — Conditions of validity according to the type of assessment

Type of assessment Conditions of validity

Specificto a

the EPIA, given conditions of implementation)

given context (given characteristics of
in a similar context

Values can be used when planning the same type of EPIA

Average value to be used to calculate the energy
savings of a large number of EPIAs

Values cannot be used for a specific context, and repre-
sentativeness of the average value should be checked

Based on operating conditions set in a regulation or
specifications (e.g. manufacturers’ data)

ating conditions are similar to the pre-specified
operating conditions (see 6.5.1)

This choice should be mentioned in the documentation,
and the assessment verifies whether the predicted oper-

Validation ¢
The related
energy perf
with similar
assessment

6.5 Calcu

6.5.1 Spe

The conditi
need to be ¢

Predicted o}

hould include an agreement by the stakeholders on the predicted energy constuny
information should be included in the documentation. Validation of the improveme
brmance (or the predicted energy consumption) might also include a check®y-comp
data (benchmarking) or by using two distinct calculation methods. The explanation o
is an essential part of the calculation process.

lation of the PrES

cifying the calculation assumptions

bns used to determine the EnB (see 6.3) and the predicted energy consumption (seq
pnsistent, so that both situations are comparable.

berating conditions can be estimated by makingthe’following assumptions:

— no chanlge as compared to the baseline period;

— planned

extrapo
EXAMPLE 1

weather
a planne
a planne
statistic

The conditi
automatic Y
according t
important c

changes;
lation of previous trends.
Examples of predicted operating conditions:
conditions as set in buildingcodes;
d increase in the volume.of production;
d change in assemblyplant operations based on new controls;
h] extrapolation‘of distances travelled based on previous trends.

bns chosén for calculating the PrES are specified as calculation assumptions. There

b thieYcalculation objectives. Under these circumstances, stakeholder input can b
bfsideration to achieve useful outcomes.

tion.
nt in
hring

f this

6.4)

IS No

est option when choosing the calculation assumptions (see below). The choice is made

€ an

Considering the use of predicted estimates, three choices of operating conditions are possible
(see ISO 17743:2016, 4.6.1):

if baseline period operating conditions (as described in 6.3.4) are chosen as the basis to calculate

the PrES, then the predicted energy consumption is calculated to be consistent with the baseline
period operating conditions;

EnBisc

alculated to be consistent with the predicted operating conditions;

if predicted operating conditions are chosen as the basis for the calculation of the PrES, then the

if operating conditions based on aregulation or specifications are chosen as abasis for the calculation

of the PrES, then both the EnB and the predicted energy consumption need to be calculated to be
consistent with these pre-specified operating conditions.

22

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=c0684d84fd318b1aed6c051393af8c61

ISO 50046:2019(E)

Another particular case is when past experience has proven that the method chosen does not capture all
the effects on energy consumption after the installation of an EPIA. For example, a rebound effect might
occur (e.g. a higher setpoint temperature for a dwelling after the insulation of the building envelope).
In such a case, past experience can be used to derive the operating conditions for determining the

pred

icted energy consumption and a detailed explanation should be provided.

The choice of operating conditions to make the EnB and the predicted energy consumption comparable
can be more complex if the EPIA can be deployed in a manner that makes the baseline conditions less

applicable.
EXAMPLE 2 Example of a complex case: an action plan to 1nstall LED llghts in residences considers how
the hg = = = = e ERIA, as earlier

6.5.2

PrES
ener

6.5.3

Valid
assu

Valid
(ben

6.6

The ]
EXAN

are first calculated for a duration of one year after the implementation of the EPIA.

Inm
Acco
dura
relat
pred
first
Then

EXAN
numbh

ions mlght be in rooms w1th longer duratlon of use (kltchens famlly or common rooms) and la
[ occur in rooms with shorter duration of use (bedrooms or storage spaces).

Calculation

by consumption (see 6.4) and the calculation assumptions (see 6.5.1).

Documentation and validation

ation of the PrES should include an agreement by the stakehiolders on the choice of thg
mptions. The related information should be documented:

ation of the PrES can include a check by comparing the value obtained with
rhmarking) or with the result obtained for the sante EPIA with another calculation me

PrES over the prediction period

PTES should be first calculated for a petied equivalent to the baseline period.

IPLE1  Example of an equivalent-period: if the duration of the baseline period is one year, {

hny cases, the EPIAs are expected to have a lifetime longer than the duration of the bas
rding to the calculationobjectives, the calculation of the PrES might then be extended

ed (or without/with)scomparison, the same period (duration and dates) is used to comp
icted energy consumption. For a time-related comparison (before/after comparison),
calculated as-the difference between the baseline period and the equivalent period (s¢
, the PrES aré extrapolated for the whole prediction period.

IPLE 2\In a simple case, the extrapolation can be a multiplication of the PrES for the firs|
er of years included in the prediction period.

fion, the prediction period. This is done according to the choice of the type of baseling.

is calculated by using Formula (1), (2) or (4) (see 5.6.4), based on the EnB (see 6.3), the predicted

b calculation

similar data

thod.

hen the PrES

bline period.
over a given
For a case-
are EnB and
the PrES are

be Figure 7).

t year by the
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Baseline period

Equivalent period

Prediction period
|

t1+BP

implementation of the EPIA

start o
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t1 start o

t1+gp end of
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savings ove
energy savij
energy savij

EXAMPLE 3

sets an energ
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In addition,
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and documgd

EXAMPLE 4
and LED’s ind

Validation g
duration of

The basetine period
the baseline period

F the equivalent period (and of the prediction period)
the equivalent period

the prediction period

Figure 7 — Periods taken into account for a time-related comparison

the calculation process is needed when the objective is_te calculate cumulative er
" the lifetime of an EPIA, or to calculate the contributiemoef EPIAs for achievement

\gs target set for a given period. However, if the objective is to calculate only the first
ngs, this step is not needed.

Examples of a prediction period: Article 7 of the{European Union Energy Efficiency Dir¢
y savings target for the period 2014 to 2020. The.member states were then asked to calculaf
energy efficiency policies over this period (20147t0 2020). In the United States, an energy effig
ther reporting standards require the utilitiesto report the first-year energy savings, annual sal
Cast horizon, life cycle savings, or future savings from past EPIA installations.

ion period cannot be longer than-the EPIAs’ lifetime unless there is a legal or

ationales or assumptions documented. In addition, the extrapolation of the PrES over
1t also require retention rates, persistence rates and changes in operating conditions
ccount. Details about théseaspects can be found in Annex F.

for longer predictioh-periods, care should be taken to consider whether assumptio
and/or EPIA remiain unchanged. These assumptions should be reviewed with stakeho
nted.

Example.ofa change in technical assumptions over time: LED lights (both the basic techn|
orporatien/into lighting fixtures) have rapidly improved efficacy (lumens/Watt) in just a few y

f the PrES over the prediction period includes an agreement by the stakeholders o

ergy
of an

Lyear

ctive
e the
iency
vings

bther

L to do so. Further, if energy savings are forecast to continue, the PrES should be explicit and

time
to be

s of
ders

plogy
rears.

h the

thie‘prediction period, and on the assumptions about the changes that might occur during

this period.

The related information should be documented.

Validation can also include a check by comparing with similar data (benchmarking).

7 Aggregation of the PrES

7.1 General

This clause adds guidance to Clause 6 when the objective is to calculate the PrES of an action plan,
programme or policy involving planned implementation of a number of EPIAs. This requires aggregating
PrES of distinct EPIAs.
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The first step of the calculation process is to ensure the consistency of the PrES to be aggregated
(see 7.2). The second step is to aggregate the PrES over the EPIAs that are planned or foreseen in the
action plan, programme or policy (see Z.3). Then, according to the context, a third step might be needed
to assess the share of these total PrES that can be assumed to be the result of an action plan, programme
or policy (see 7.4).

PrES for EPIA 1
PrES for EPIA 2
= | See Clause 6
PrES for EPIA| /\

+ aggregation Key points:

v’ Consistency of the energy savings, data that are
summed up

Aggregated PrES

v Assessmentof the numbépof EPIAs expected to He
implemented, taking jntQ accountthe possible risks

+ causality assessment of double counting-fwhen needed)

(whenneeded/ relevant)

\ 4

Key points:
Total PrES impact
v’ Assessmefit of the additionality or free-rider effefts

v’ Assegssthentof the multiplier effects

Figure 8 — Overview of the calculationprocess when aggregating PrES

7.2 | Ensuring the consistency in aggregating PrES

Consfistency can be enabled by:

— ¢onverting all the PrES into a common energy unit (GJ, toe, kWh, etc.);
— 1ysing the same basis (primary.enhergy or final/delivered energy, as defined in ISO/IEC 13273-1);

— yerifyingthatall the PrES are calculated for the same type of duration (e.g. one year, over the lifetime
f the EPIA);

— ¢xplaining how consistency has been ensured while determining the EnB and while ¢hoosing the
¢alculation assumptions for different EPIAs.

When factorsare heeded to convert all results into a common energy unit, the consistency ¢f the values
used| for thexconversion factors should be checked. Examples of conversion factors can |be found in
Reference\[14].

Whe r‘nncldm‘lnc use of fuel it should be documented if its energy content is expres ed on a net
calorific value (NCV] Or gross calorific value (GCV) basis.

7.3 Aggregation of PrES

The aggregation can be done either by summing up the PrES of each EPIA, or by first summing the
number of EPIAs per type of EPIA (having the same unitary PrES) and then summing the PrES over the
different types of EPIAs [see, respectively, Formulae (5) and (6)] (see ISO 17742).

n
Aggregated PrES = Z(PrES of EPIA; ) (5
i=1
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where

i istheindex for a single EPIA;
n is the number of EPIAs included;

or

m
Aggregated PrES="S"(numher of EPIA . xPrES of EPIA . (6)
° Lod \ J 7]
j=1

where

j s tIe index for the type j of EPIAs;
m is the number of distinct types of EPIAs.

Formula (5)|is preferred when context-specific data are used to calculate PrES.[e’g. calculating the|PrES
of an action [plan of a company based on an energy audit).

Formula (6)|is preferred when reference data are used to calculate energy savings (e.g. calculating the
PrES of an ehergy efficiency obligation scheme).

NOTE1  Agtion plans might occur over several time periods. So Forniulae (5) and (6) might need to take into
account the tfime periods in which the EPIAs were installed. This.ea# be done by indexing the number of EPIAs
installed in epch time period and including an additional summatioeh over the installation period.

The assessment of the number of EPIAs that will be {mplemented can be based on the assumptions
presented inp Table 5, according to the calculation qbjectives.

Table 5 — Assessment of the number of EPIAs according to different calculation objectives

Assumption Calculation objectives

Planned nunmpber of |Calculation done directly for the organization(s) or participant(s) who will pay for
EPIAs and/or implement the EPIAs — Assessment based on the number of EPIAs that these
organizations or participants plan to implement.

EXAMPLE\[ -/ Action plan of a company.

Objectives of the Calculation done to assess the potential impact of a programme or policy — Assess
programme pr mentbased on the number of EPIAs required to achieve the objectives of the pro-
policy gramme or policy.

EXAMPLE 2  Scenario to achieve objectives of climate change mitigation.

Estimated nfimber® |Calculation done to assess the potential impact of a programme or policy = Assessm¢nt
of EPIAs r based on the past experience of a similar programme or policy, or based on modelling.

S

EXAMPLE 3 Modelling used for the impact assessment of a new policy.

Interactive effects between EPIAs or between EPIAs and other energy using equipment can occur in
programmes. These should be accounted for by careful definition of boundaries (see 5.3.3). The data
and analysis undertaken to account for them should be documented.

In cases where PrES are aggregated over several action plans, programmes or policies simultaneously,
there might be a risk of double counting (i.e. counting several times the PrES of the same EPIA). In
such cases, the assessment of the number of EPIAs includes explanations about how this risk has been
avoided or taken into account.

NOTE 2  EPIAs might be implemented over different years and summed up for the same prediction period
(according to the duration of the action plan/programme/policy), taking into account their implementation year.
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An action plan/programme/policy might have a longer duration than the EPIA lifetime. The way to take
into account the renewal (or not) of the EPIA over this period should be documented (see 6.6).

7.4 Assessing the causality between an action plan, programme or policy and the EPIAs

The calculation of PrES is not necessarily made directly for the organization(s) or person(s) paying for
and/or implementing the EPIAs. The calculation of PrES might be done for an organization (e.g. a public
agency or an energy company) in charge of a policy or programme (known as a facilitating measure in
IS0 17742) thatis aimed at triggering the implementation of EPIAs by other organizations or persons. In
such cases, the calculation of PrES might need to assess the causality between this facilitating measure
and the EPIAs to be implemented.

The @ssessment of the causality might consider:

— Jdditionality: taking into account the extent of PrES that would have happened without the
plementation of an action plan, programme or policy;

— firee-rider effects: share of EPI1As that would be implemented (or partly ifmplemented) in/the absence
llfthe facilitating measure;

ultiplier effects: share of EPIAs that would be implemented (0t partly implemented) due to the
facilitating measure beyond the scope of the facilitating measure.

Thesg effects are particularly difficult to assess when calculatingPrES, for EPIAs still to be implemented.
Their assessment can be based on experience feedback:from similar facilitating measpres and/or
modg¢lling (e.g. by comparing different scenarios).

One possible approach to take into account causality-in the calculation of PrES is to chodse a type of
EnB pased on a case-related (without/with) comparison (see 6.3.2).

In ofder to differentiate between the aggregated PrES without causality assessment and the result
with|causality assessment, the aggregated PrES with causality assessment is also called the “total PrES
impdct”.

7.5 | Documentation and validation
Docymentation of the aggregated PrES can include:

— the conversion factors-used (when needed);

— the referencescor-sources where documentation about the PrES of the EPIAs or types of EPIAs
included in the-aggregated result can be found;

— the assumptions made to assess the number of EPIAs included in the aggregated result;

— hether the causality has been assessed (and if so, the related data, analysis and study [esults used
or-assumptions made).

Documentation of the aggregated PrES might include explanations about the provisions included in
the design of the facilitating measure in order to avoid possible free-rider effects and/or to support
or facilitate multiplier effects (in particular, in cases of facilitating measures aimed at market
transformations).

Validation of the aggregated PrES should include an agreement by the stakeholders. It might also include
a check by comparing different methods or sources based on experience feedback for the assessment of
the number of EPIAs (wherever possible) and/or the causality, when needed (wherever possible).
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8 Quality and uncertainty

8.1 General considerations

PrES as calculated are not always achieved in practice. Accuracy can be ensured by taking into account

the quality of PrES, which can depend on several factors, including:
— quality of the implementation of the EPIAs;

— quality of the calculation and related data and assumptions.

8.2 Quality criteria for the EPIAs and their implementation

PrES assumle the correct implementation of an EPIA, i.e. quality criteria for implementation. H
quality and|other criteria and requirements about their implementation should be doctimented.
can help to|determine whether the EPIAs will be implemented as expected (e.g. toCavoid defed
materials apd workmanship) to provide the expected level of energy performance. These qu

PIA’s
This
ts in
ality

criteria or fequirements are important to minimize the possible differences between the predijcted

operating cqnditions and the actual operating conditions after the implementafion of the EPIAs.

EXAMPLE A requirement about the qualification or certification of a professional who will install the
can help limit the risk of bad workmanship.

8.3 Qual]:y criteria for calculation methods
The reliability of PrES can depend on several criteria, including:
— appropiiateness of the calculation method (and of thetrelated methodological choices);

— data quality;

— skills, ekperience and expertise of the evaluators or other persons processing the data, speci
and applying the calculation method.

Documentation of the calculation method should make it possible to review these elements, aj
particular the data sources. This includes justification about data quality and sources, in particula
main data uped.

Quality critpria or quality asstirahce guidelines can be specified for the calculation method an
implementafion in order to ensure that the elements mentioned above are taken into account. Exan
can be found in Reference{11].

8.4 Analysing the quality and/or assessing uncertainty of PrES

When performing the calculation of PrES, analysis of the quality and/or of the uncertainties s}

EPIA

fying

nd in
r the

d its
hples

1ould

take into ac¢ount:

— quality criteria and/or uncertainties of the data collected;
— quality criteria and/or uncertainties on data estimated for the EPIAs;

— uncertainties due to measurements and/or related quality criteria;

— uncertainties due to the omission of variables, and/or quality criteria to set thresholds for accepting

to neglect secondary variables;
— uncertainties due to calculation models and/or related quality criteria;
— uncertainties due to human behaviours and/or related quality criteria;

— uncertainties introduced due to interactive effects between EPIAs (see 5.3.3);
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— uncertainty due to a possible rebound effect (see 6.5.1).

In addition to these quality criteria and/or sources of uncertainties, documentation of the PrES

(see Annex B) should explain the key methodological choices (determination of the

EnB, PrES

boundaries, assumptions about the number of EPIAs). These choices do not create uncertainties by
themselves, but it is always important to remember that energy savings are always relative to these

choices.

According to the information available and the calculation objectives, the overall accuracy of the PrES
might be assessed on a qualitative or quantitative basis. Quantitative assessment of uncertainty is to be

preferred to qualitative assessment. Either approach should be fully documented.

Qualjtative assessments can be carried out by checking quality criteriallll, comparison
EPIAs or by use of expert estimates.

with other

Quanjtitative assessments imply that an uncertainty analysis can be carried out by using statistical

metHods, sensitivity analysis or expert estimates.

The &cceptable accuracy (assessed either qualitatively or quantitatively) should be set accd
calcylation objectives (see 5.4), and agreed upon by the stakeholders.

rding to the

Examples of methods to address uncertainties can be found in References [10], [11] andl [12]. More

detalls about guidelines on measurement and verification whilé/assessing the uncertaint
basefl on past experience can be found in ISO 50047 and I1SO 50015.

y of a value
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Annex A
(informative)

Overview of the main criteria to take into account when using this
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| where to find more details about them in this document.

rororree

of the context and objectives for calculating PrES (see 4.1 and 4.2 for more detail§))
ces about the calculation method. It provides an overview of the main aspects totake

y this document, the first aspect to take into account is the scale toybe consid
\.1). This specifies whether PrES will need to be aggregated. In cases where no aggreg
eded (a common case for projects), Clause 7 does not apply.

|

ALL except Clause 7

ition ALL

ion/country

Figure A.1 —Types of scale and need to aggregate PrES

set of aspects totake into account are the general types of EPIA (see 5.3) and the typ
hese aspects are linked. The data used in cases of pre-specified EPIAs are usually refet
he data used for tailored EPIAs are usually context-specific data. More details about h
reen reference data and context-specific data are provided in Figure 2 (in 4.2).

bt of aspects to be taken into account include the type of calculation in 5.6.4 (link
hilable) for determining the EnB and predicted energy consumption. Type I calcul

is commonl]

about
when

into

ered

htion

es of
ence
w to

bd to
htion

implemen ing empirical imation. T ITi mmonly implemen

statistical or physics-based modelling, and might combine different sources of data.

with

Table A.1 provides examples of situations and corresponding possible choices for the calculation
method. Examples of energy efficiency obligation schemes and of optimization of an industrial process
are further detailed, respectively, in Annexes D and E.
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Table A.1 — Examples of situations and corresponding possible choices for the calculation

method
. Data avail-
Aggregation | Type of Type of Type of |Type of data
Example Scale of PrES EPIA data used ;‘ ble f_or calculation | analysis
aseline
Boiler Project No Tailored Context- Annual energy Typel Empirical
replacement specific data | consumption estimation
in a company
Grants for Region Yes Pre- Reference |Annual energy Type | Statistical
energy specified data consumption calculations
efficfent
vehigles
Actign planon | City Yes Tailored Context- Power and Type)ll Phys-
streg¢t lighting specific data number of ics-based
lighting hours calculations
Acti¢n plan on | Organi- Yes Pre- Reference Power and Type 11 Phys-
lightiing zation specified data number of ics-based
lighting hour's calculations
Programme |Country Yes Pre- Reference Datd«about Type 1 Combina-
for bpiler specified data the dwelling tions of all
replacement Stock, etc. options
in dwellings
Optimization | Project No Tailored Context- Data about Type Il Combina-
of an specific data | the industrial tions of
induptrial process statistical
process and phys-
ics-based
modelling
Enengy Country Yes Pres Reference Various Type Il Combina-
efficlency specified data tions of all
obligation options
scheme
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Annex B
(informative)

Overview of the main issues subject to validation and/or

documentation

Table/B.1 — Overview of the main issues subject to validation and/or documentation
Step_s of the Issues subject to validation and/or documentation
calculatign process
5.1 General Agreement on the planning for the calculation process (in particularWhen

validations are needed).

5.2 Identific
stakeholder}

htion of the

Agreement on and documentation of the roles of each stakeholder (in particular
for the data collection and for the validations).

5.3 Descripti

on of an EPIA

Agreement on and documentation of:
v the technical characteristics of the EPIA and thelselected variables;
v the PrES boundaries.

5.4 Calculati

pn objectives

v' Agreement and documentation of the calctilation objectives.

and required accuracy v' Agreement on the resources committed for the calculation process.
5.5 Data avajlability and |Agreement on:
quality v’ the analysis of the data quality;
v the decision about additional data collection.
5.6 Selection of the Agreement on and documeéntation of:
calculation rhethod

v’ the chosen type(s)afidata analysis;
v' the data collegtion techniques and sources (and assumptions for missing dat|
v the selectédvariables and calculation formula;

v’ the validation process (e.g. model calibration, benchmarking).

EnB

6.3 Determinpation of the

Agreement on and documentation of:
v/~the choice of the type of EnB;

¥~ the values used (for the energy consumption and/or for the selected variablg

6.4 Determ

consumptio

imation of,
predicted evIergy

Agreement on and documentation of the determined reduction in energy
consumption or improvement in the energy performance of the energy using
system.

6.5 Calculati

o of the

Agreement on and documentation of the calculation assumptions.

PrES

NOTE 1 “Agreement” here means an agreement by the stakeholders.

NOTE 2 When possible, it is recommended to perform a check for each of the steps listed above, by making a comparison
with data found in the literature for similar situations or obtained for the same situation with a different calculation method.
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Table B.1 (continued)

calculation process

Steps of the Issues subject to validation and/or documentation

pred

6.6 PrES over the Agreement on and documentation of:

iction period v’ the duration of the prediction period;

v’ the assumptions about the changes that might occur over this period.

7 Aggregation of the Agreement on and documentation of:
PrES

v conversion factors (when needed);

<

£ 1 1 Do =P 1
TCICTCIICES OI' SOUTCesS dDOULULIIC T'TES dggl'CgdLled,

v assumptions used to assess the number of EPIAs per type of EPIA;
v whether the causality has been assessed (and if so, the related|assunjptions).
8.4 Analysing the quality |v' Agreement on the acceptable accuracy.
and for assessing the v" Documentation about the sources of uncertainty taken.into account.
uncefrtainty of PrES
v" Documentation of the quality criteria used to spécify the implementgtion of the
EPIA and/or the calculation method.
NOTE 1 “Agreement” here means an agreement by the stakeholders.
NOTE 2 When possible, it is recommended to perform a check for each of thesteps listed above, by making|a comparison
with data found in the literature for similar situations or obtained for the same’situation with a different calculation method.
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Annex C
(informative)

Example templates for documenting a calculation method and PrES

This annex provides examples of templates that can be used for documenting a calculation method
and PrES.

Table C.1 giyes an example of a template for documenting PrES at the EPIA level. According torthe|type
of data collefction technique used, additional information might be required.

EXAMPLE Explanations about the sampling method when using surveys.
Likewise, adcording to the type of calculation method used, additional informationgaight be required:
— for estifations: explanations about the level of reliability of the data sources-used;

— for stat]stical modelling: the statistical significance of the result, as well as the verification qf the
conditigns where the statistical method can be used (e.g. review of-flie distribution of the errdrs);

— for physics-based (or engineering) modelling: explanatiens about the calibration of the
calculation model.

Table C.2 gives an example of a template for documenting PTES at the action plan/programme/policy
level by aggregating results from different EPIAs.
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Table C.1 — Example of a template for documenting PrES at the EPIA level

Name of the EPIA |(Making explicit the targeted energy-using system and the improvement
brought by the EPIA, see 5.3.)

EPIA PrES boundaries |(Including explanations about the possible technical interactions, see 5.3.)
Implementing (Including explanations about the baseline period and predicted operating
and operating conditions of the targeted energy using system, see 6.5.1, and references to
conditions requirements and/or quality criteria when relevant, see 8.1.)

Caleulation Whatwittthe-ealentationresuitbeusedforFo-whem-wil-the-erergy savings
objectives data be communicated? What is the required accuracy for the PtE$? See 5.4.)
Calculation (Estimation/statistical modelling/engineering (physics-based) mqdelling,
method see 5.6.)
Determination of | Type of EnB: (“context-specific before”/“context-speeific¢ without”f “reference
the EnB before”/“reference without”, see 6.3.2.)
Baseline period: (including duration, dates and'data set used, see|6.3.3)
Baseline period operating conditions: (including assumptions apout the
representativeness of the EnB, see 6.3.4)
Predicted energy | (When using Type I calculation, providing the predicted energy consumption

Calchi- consumption or |and the related data source or refergnce.)

latign flescrlptlon of_the (When using Type Il calculationyproviding a description of the improvement in

method |improvementin ! . : .
ener energy performance, i.e. data’representing the improvement in engrgy perfor-

gy mance, related data source$/and explanations when needed, see 6}4.)

performance

Calculation (Making explicit the selected variables that are taken into account| and includ-

formula or ing references aboutthe calculation formula or model which justify the use of

model that formula and variables, see 5.6.4.)

Main data sources | (Mentioning the’data collection technique and the collection dates|and high-
lighting thelassumptions used in case of missing data, see 5.5 and $.6.3.)

Calculation Choice'for the operating conditions: (mentioning what operating conditions

assumptions arewused as basis for the calculation, see 6.3.4 and 6.5.1.)

Prediction (Mentioning the duration considered for the calculation, and the rglated as-

period sumptions about the EPIA lifetime and possible changes over time)see 6.6.)

Annual PrES (Making explicit the energy unit and the basis: primary or final en¢rgy.)

PrES overthe (Making explicit the energy unit + primary or final energy + reminding the

E prediction-period |prediction period be taken into account.)
nej

savi.nggys Condition of (Values specific to a given context/conditions for the representatiyeness of

validity average values/other explanations, see 6.4.)

Quality of the (Qualitative and/or quantitative assessment of the accuracy of the[PrES,

PrES see 8.3))
Valigation process (Stakeholders involved in the calculation process and the validation approach.)
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Table C.2 — Example of template to document PrES at the action plan/programme/policy level
(aggregating results from different EPIASs)

Name of the

(Name of the action plan, programme or policy.)

framework
Area covered (In terms of geographical or organizational scope.)
Framework EPIAs covered |(List of the EPIAs covered by the framework and/or reference where the list
can be found.)
Complementary {Ctirerexplamatiors usefutto theumderstamding of the PrESS
information
Calculation (What will the calculation result be used for? To whom will the energy
objectives savings data be communicated? See 5.4.)
Common energy |(Mentioning the conversion factors or the reference used forcenversion
unit used factors, when relevant, see 7.2.)
General rules (Explanations about how the consistency between the’EnBs used for the
for the EnB different EPIAs is ensured, for example, by using théssame type of baseline or
the same baseline period.)
General rules for | (Explanations about how the consistency between the calculation
the calculation |assumptions used for the different EPIAs isensured.)
assumptions
. General rules (Explanations about how the consistency between the prediction period pised
Calculation| |for the predic- |for the different EPIAs is ensured.)
method tion period
Other consisten- | (Explanations about how othenconsistency issues are handled, when relevjant.)
cy issues
Calculation (References about the galculation methods or guidebooks or general
methods used at |guidelines used at the'EPIA level.)
the EPIA level
Number of EPIAs | Number of ERIAS (per type of EPIA):
Assumptions used: (assumptions about the expected number of EPIAs,
mentioning how risks of double counting are handled, when relevant, see|7.3.)
Causality (Explanations about how the additionality, free-rider effects and/or spill{over
effects are taken into account, when relevant, see 7.4.)
Annual PrES (Making explicit the energy unit + primary or final energy + total PrES or
total PrES impact.)
Enersv sav- PrES over the (Making explicit the energy unit + primary or final energy + total PrES or
ings gy prediction total PrES impact + reminding the prediction period taken into account.)
g peried
Oxerall (Qualitative and/or quantitative assessment of the accuracy of the PrES,
accuracy see 8.3.)

Validation process

(Stakeholders involved in the calculation process and the validation
approach.)
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Annex D
(informative)

Case example in the residential sector using reference data

This annex provides a case example of a calculation of PrES per unit of EPIA within the framework of
the French White Certificates scheme.

The French White Certificates schemel18][19] set an obligation for energy suppliers to achigve a certain
amoynt of final energy savings. The achievements are monitored through the issuance'of en¢rgy savings
certificates. This annex takes this scheme as an example to illustrate the documentation|of PrES per
unit pf EPIA, according to the templates of Annex C.
NOTH The scheme does not calculate PrES, but PrES per unit of EPIA. These ratios make it pdssible for the
stakgholders to know in advance how many energy savings certificates they €an get for a given fype of EPIA.
The rfumber of EPIAs is not predicted by the public authority. It can be predictéd by the stakeholdefs, when they
prepdre their programmes.
The ¢xample first presents the general rules of the scheme to aggregate PrES at the nationdl level. Then
the gdarticular example of “insulation of loft or roof” is used to’illustrate how PrES per unit of EPIA are
calcylated at the level of an EPIA, for the case of pre-specified actions.
Table D.1 — General rules of the French White Certificates scheme to aggregate enexgy savings
at the national level
Name of the |French White Certificates scheme
framework (in French: dispositif des Certificats d’Economies d’Energie, CEE)
Area covered |France (national)
Framework |EPIAs 109 eligible standardized (pre-specified) actions (as of March 2015}, covering
covered all sectors (residential, tertiary, industry, agriculture, transport).
Complemen- |The calculation method is used to account for PrES of a very large nhmber of
tary infor- actions. To minimize administration costs of the scheme, reference yalues de-
mation termined by type of EPIA are used, based on the most recent and reliable data
available at the national level.
Calculation |Aggregated energy savings at the national level are used for several purposes:
objectives
— to account for the achievements of each energy supplier;
— to monitor the overall achievements of the scheme compared tpo the overall
target set for each period;
— to report the achievements to the European Commission.
Up to now (2019), most of the energy savings came from pre-specified EPIAs.
Aggregated energy savings have thus been mostly based on PrES per unit of
EPIA, multiplied by the number of EPIAs recorded when issuing certificates.
Calculation |Common The energy savings are calculated in kWh of final energy cumulated over the
method energy unit |lifetime of the EPIA.
used
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Table D.1 (continued)
General rules|General rules were set to ensure the consistency of the EnB among the many
for the EnB |types of EPIA. Two types of EnB were used:

v In case of EPIAs on the building envelope or on the heating system of a
building, the EnB was based on the characteristics of the national building
stock (type of baseline = “reference before”).

v' For the other types of EPIAs, the EnB is based on the technical and
economic state of the market for the product or service related to the
EPIA, on the most recent date for which data are available (type of
baseline = “reference without”).

General The PrES per unit of EPIA are calculated taking into account pre-specifieddper-

rules for the |ating conditions (e.g. average heating degree days per climate zone, ag-set i the

calculation |national building code).

assumptions

General The energy savings are calculated for the predicted lifetime ofithe EPIA. Thjs

rules for the |choice was made so that EPIA with a longer lifetime, often feguiring higher|in-

prediction |vestments, are not disadvantaged in the accounting system, compared to EPIA

period with a shorter lifetime. This would have been the case’ifjonly first-year eneggy
savings would have been accounted for.

Other No other consistency issue.

consistency

issues

Calculation |Calculation formula are specified for eachitype of EPIA (see example below].

methods The most common calculation method is simplified engineering modelling.

used at the

EPIA level

Number of |Number of EPIAs (per type of EPIA): the number of EPIAs is not predicted be-

EPIAs forehand. It is monitored when EPIAs are implemented. The scheme thus dges
not defined PrES, but PrES per unit of EPIA. These ratios make it possible fofr the
stakeholders to knowrin advance how much energy savings certificates they can
get for a given typeof EPIA. The number of EPIAs is not predicted by the puplic
authority. It can'be predicted by the stakeholders, when they prepare their
programmes;

Rules to avoid double counting:

The,same EPIA might involve several stakeholders; however the energy savings

certificates are issued only once. This is monitored by requiring the appli-

cants for certificates to submit a form signed by the beneficiary where he/she

states that he/she gave his/her agreement only to one organization to apply for

certificates for the action he/she has benefited from. Random controls are glso
performed.
Causality Additionality is ensured by two main rules:

1) additionality in terms of level of energy performance: only actions thpt go
further than the European and national regulations in force can be eligible;

2) active and encouraging role of the applicants for energy savings certificates
(triggering effect): the applicants are required to show that they have
played an active and encouraging role by describing how they play this
role, by providing evidence that their contribution to trigger the EPIA was
direct and made before the EPIA was started, and by providing a sworn
declaration signed by the beneficiary of the EPIA confirming their role.

Energy Annual PrES |See results presented in the French National Energy Efficiency Action Plans or
savings in the French annual reports for the Energy Efficiency Directivel21].

PrES over Same as above.

the predic-

tion period
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Table D.1 (continued)

Overall
accuracy

the EPIAs and when specifying the EPIAs, see example below).

The quality of the PrES is based on using the most recent and reliable data
available at the national level, and on the validation process (when monitoring

Validation process

energy savings at the national level.
(National Centre for the Energy Savings Certificates).a

savings certificates

Validation process when issuing energy savings certificates and aggregating
The aggregation of the energy savings is based on the data registered by PNCEE

PNCEE is in charge of the monitoring, verification and supervision of the energy

The General Directorate for Energy and Climate is in charge of publ
reporting the results of the scheme at the national and Européan ley

shing and
rel.

NOT
a Py

. The information presented is in line with the rules applied in 2013, unless otherwis€ ment

blic body attached to the General Directorate for Energy and Climate.

ioned.

The
(200
mod

Tab

nformation given in Table D.2 is the information that was used for the first period of
b to 2009). It has been updated for the successive periods. This-is’an example of
lling and uses Formula (4) with the same type function for f() andg() (see 5.6.4).

e D.2 — Example of the documentation for the calculation of PrES per unit of EPI
specified EPIA eligible for the French White Certificates scheme

the scheme
engineering

A, of a pre-

EPIA Name of the Insulation of loft or roof for residential buildings, with an additiopal thermal
EPIA resistance equal or bigger thd®5 m2-K/W and installed by a professipnal (official
reference: formerly BAR-EN-=01, now BAR-EN-101).
PrES The energy consumptiontaken into account within the EPIA boundaties is the
boundaries heating consumption\of the building. In terms of possible interactiveleffects, it is
assumed that ther®is no other EPIA simultaneously implemented.
Implementing |Implementingcconditions
and operating The insulation materials are required to have a certification and the fnstallation
conditions . . :
is required to be done by a professional.
Operating conditions
The indoor setpoint temperature is assumed to be 19 °C (as set in the building
code). It is assumed that there is no other change to the building env¢lope than
the insulation of roof or loft, and no change to the heating system.

Calcp- Calculation The calculation objective is to determine PrES per unit of EPIA.

::ﬁelt(;lnod objectives The main audience for these PrES per unit of EPIA is the stakeholders involved
in the French White Certificates scheme, i.e. energy suppliers, but al§o other
actors who could be applying for energy savings certificates (e.g. locql authori-
ties) and companies providing services to value the energy savings certificates.
The information is important to all these stakeholders so that they cgn know in
advanee-howmany-certificates-theycan-getfor-the EPHAstheyplantb implement
or support, and therefore to develop their business models.

Calculation Simplified engineering modelling.
method

Determination | Type of EnB: “reference before”
of the EnB

Characteristic used to determine the EnB:

implemented: Upaseline = 2 W/m2:K (see explanations below);

n =95 %;

heat transfer coefficient of the roof or loft (U), before the action is

average efficiency of electric heating devices for the national building stock:

average efficiency of boilers for the national building stock: n = 60 %.
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Table D.2 (continued)

The EnB is based on the assumption that half of the building stock would have no
roof insulation (U = 3 W/m2:-K) and the other half would have a weak insulation
(U =1 W/m2:K), meaning an average reference value of U = 2 W/m2:-K. This was
taken as a conservative assumption, as 62 % of the individual houses were built
before 1975 (i.e. before the first building code that included energy efficiency re-
quirements), and that 74 % of the households reporting to have made insulation
actions were living in a dwelling with no insulation [survey carried out by the
French Agency for the Environment and Energy Management (ADEME)].

Baseline period: one year (no particular date, as the operating conditions are
cpprifind :lm‘nrding tathe hnilding code and not m‘rnrding toa pnr’rirnlqr vear

or period: it is a calculated baseline period).

Baseline period operating conditions: pre-specified operating condjtions fet
in the building code (see the calculation assumptions below).

Description of
the improve-
ment in energy
performance

Energy performance improvement brought by the insulation material, through
its additional thermal resistance (R).

The change in the thermal performance of the building envelope is therefore|cal-
culated as a difference between the baseline heat transfeicoefficient (Upaseline)
and the predicted heat transfer coefficient (Upredictet):"AU = Upredicted — Ubaspline

where

AU is the difference in the heat transfer coefficient of the roof or 1pft
(in W/m2-K);

Ubaseline 1S 2 W/m2:K (see EnB abdve);

1

1
+R

Upredicted is Ubaseline

R 5 m2:K/W (minimum energy performance requirement for the
EPIA).

Predicted operating conditions: pre-specified operating conditions set in {he
building code (see the calculation assumptions below) + assumption that thejre is
no other-change to the building envelope than the insulation of roof or loft, ahd
no change to the heating system.

Calculation for>
mula or model

[Type Il calculation and Formula (4)]

The PrES per unit of EPIA are calculated per surface of insulation material in
stalled (kWh/m?2 of insulation material):

AU
x(ngpp %24)x0,5
PrES per unit of EPIA = 1000
where
AU is the difference in the heat transfer coefficient of the roof or loft

in W/m2:K (see energy performance improvement above) divided
by 1 000 to convert W into kW, as the PrES per unit of EPIA are
expressed in kWh/m?2;

nypp are the heating degree days (see calculation assumptions below,
and multiplied by 24 to convert the day unit into an hour unit, as the
PrES per unit of EPIA are expressed in kWh/m?2);

n is the average efficiency of the heating system (see EnB above).
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Table D.2 (continued)

The value 0,5 is included as the coefficient to take into account intermittency and

free heating (see calculation assumptions below).

The calculations are performed taking into account the following criteria:

— type of energy used for heating: heating fuel or electricity (influencing the

average efficiency of the heating system; see EnB above);

— climate zone: the three official climate zones set in the building code
(influencing the number of heating degree days; see calculation assumptions).

Main data

— national statistics for the average efficiency of heating systems;

sources

— minimum energy performance requirements for the EPIA
thermal resistance);

— building code for the pre-specified operating conditigns)

— conservative estimates for other values.

(additional

Calculation
assumptions

Pre-specified average operating conditions set in/the building code:

— indoor temperature of 19 °C;

— average heating degree days per climate’zone:

Climate zone Reference avérage annual heating degree

days

H1 2695

H2 2205

H3 1470

The choice of using thesepre-specified operating conditions is made
per unit of EPIA to be répresentative of a typical year (in terms of he
days) and a typical behaviour (in terms of setpoint temperature).

A coefficient is applied to take into account the intermittency (not all
heated or rooins are not heated all the time) and free heating (heat fj
inhabitants,lighting, etc.). This coefficient has been set to 0,5 as a co
assumption, and is applied to both, EnB and predicted energy consur

for the PrES
nting degree

rooms are
om the
hservative
nption.

Prediction
period

TheRrES per unit of EPIA are calculated for the predicted lifetime of]
35\years.

the EPIA:

Enel
savi

gy
hgs

Annual PrES
per unit of
EPIA

The French scheme defines PrES per unit of EPIA, and not PrES. The fpumber

of units is not predicted before the EPIAs are implemented. The obje
provide stakeholders with certainty about how many energy savings
they can get when implementing EPIAs.

The annual PrES per unit of EPIA are expressed in kWh/m?2 of ins
material installed, with a differentiation according to the energy ty
heating and to the climate zone.

rtive is to
certificates

ulation
pe used for

Type of final energy

Climate zone

l:'ler-l-viril-‘r
HreetH et

fuels

Haating
........ S

H1 62 98

H2 51 80

H3 34 53

Example of annual PrES: an energy company plans to support the renovation of
buildings that will imply the insulation of 10,000 m2 of walls. These buildings
are located in zone H1 and heated with electricity. For this case, PrES are then

620,000 kWh/year.
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