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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 preeeds e s e s rer—atatenance are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval criteria‘nieeded for the
diffefrent types of ISO document should be noted. This document was drafted in acdordance with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

0.1 Background

Energy performance evaluation is a tool which applies to all types of organizations and can be used
to evaluate the results of its efforts in energy management. Relevant variables affect the energy
consumption and energy efficiency of organizations. To effectively evaluate energy performance under
equivalent conditions, the effects of relevant variables should be taken into account by using the process
of normalization.
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The process described in this document can provide benefits to any organization, including those that
do not have an EnMS. Nevertheless, additional benefits can be obtained if this process is embedded
within an EnMS in accordance with ISO 50001.
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Scope

This|document gives guidance on how to establish, use and maintain energy performang
(EnPlls) and energy baselines (EnBs) to evaluate energy performance in any organizatien inc

usin
dem

¢ IS0 50001. Additional guidance is given on how to measure and monitor energy perfd
nstrate energy performance improvement.

This|document is applicable to any organization, regardless of its type, size,.complexity, g
locatfion, organizational culture, the products and services it provides or its,level of maturit
of energy management.

2

Normative references

Therge are no normative references in this document.

3.1

[erms, definitions and abbreviated terms

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO dnd IEC maintain terminology databases for use in standardization at the following add

3.1.1

ISO Online browsing platformiavailable at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

baseline period
peridd of time used\for comparison with reporting period (3.1.16)

Note

1 to entry™The purpose of the comparison can be monitoring of performance, evaluation of

imprpvement-or“determination of energy savings.

3.1.2

e indicators
luding those
rmance and

eographical
y in the field

Iresses:

performance

boundary
physical, virtual and/or organizational limits as defined by the entity for a stated purpose

Note 1 to entry: The entity may be an organization (3.1.14), group of organizations, region(s), subset of an

orga

nization or other depending on the application.

Note 2 to entry: Physical can be equipment, systems, a building, a process, a group of processes, a site, or multiple

sites

, under the control of an organization.

3.1.3
energy
electricity, fuels, steam, heat, compressed air and other similar media

Note 1 to entry: For the purposes of this document, energy refers to the various types of energy, including
renewable, which can be purchased, stored, treated, used in equipment or in a process, or recovered.

© IS0 2023 - All rights reserved
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[SOURCE: IS
3.14

:2023(E)

050001:2018, 3.5.1]

energy baseline

EnB

value providing a basis for comparison of energy performance (3.1.9)

Note 1 to entry: The data and method used to determine the EnB shall be retained as documented information.

Note 2 to entry: If the process for determination of the EnB uses relevant variables (3.1.15) for normalization
(3.1.13) or if the EnB is adjusted for changes in static factors (3.1.18), the information shall be retained as
documented information.

3.1.5

energy consumption

quantity of ¢nergy (3.1.3) applied

Note 1 to enfry: Energy consumption can be represented in volume (e.g. litres of fuel), mass; weight unjts or
energy units [(e.g. GJ, kWh).

[SOURCE: IS0 50001:2018, 3.5.2, modified — Note 1 to entry added.]

3.1.6

energy efficiency

ratio or other quantitative relationship between an output of procesSatd an input of energy (3.1.3)
EXAMPLE Conversion efficiency, energy required/energy used,‘0utput/input, theoretical energy used to
operate/enerjgy used to operate.

Note 1 to entfy: The output of a process can be products, services, or energy.

Note 2 to entfy: Both input and output should be clearly specified in terms of quantity and quality, and shoyld be
measurable.

3.1.7

energy use

energy end-lise

application pf energy (3.1.3)

EXAMPLE Ventilation, lighting, hedting, cooling, transportation, processes, data storage.

Note 1 to entfy: Energy use is based on “what the energy is used for” as compared to energy consumption (B.1.5)
which is basgd on “how muchenergy is used”.

Note 2 to entfy: This applieation can be from any energy type including renewables.

3.1.8

energy model

mathematicplrepresentation based on a data set describing the relationship between relevant variables

(3.1.15) and

energy consumption (3.1.5) or energy efficiency (3.1.6) over a specified period of time

Note 1 to entry: The specified period of time can represent different perspectives of time such as baseline period
(3.1.1), reporting period (3.1.16), or period that reflects standard conditions.

3.19

energy performance
measurable result(s) related to energy efficiency (3.1.6), energy use (3.1.7) and energy consumption

(3.1.5)

© IS0 2023 - All rights reserved
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3.1.10

energy performance indicator

EnPI

measure used to quantify energy performance (3.1.9)

Note 1 to entry: If the EnPI is used for the demonstration of energy performance improvement (3.1.11) it refers to
energy efficiency (3.1.6) or energy consumption (3.1.5).

Note 2 to entry: The EnPI is defined by the organization (3.1.14).

Note 3 to entry: EnPI(s) can be calculated by using an energy model (3.1.8).

3.1.11

enerjgy performance improvement
imprjovement in measurable results of energy efficiency (3.1.6) or energy consumptioan(3.1.5) related to
enerqy use (3.1.7), compared to the energy baseline (3.1.4)

3.1.12
enerjgy target
quaritifiable objective of energy performance improvement (3.1.11)

Note [l to entry: An energy target can be included within an objective.
[SOURCE: ISO 50001:2018, 3.4.15]

3.1.13
normalization
process to enable analysis under equivalent or standard-conditions

Note [l to entry: Normalization can be used for the purpese of comparison of energy performance (3.|L.9) or energy
performance improvement (3.1.11), which accounts forthe changes in relevant variables (3.1.15).

3.1.14
organization
person or group of people that has itsown functions with responsibilities, authorities and relationships
to achieve its objectives

Note [l to entry: The concept of organization includes, but is not limited to, sole-trader, company, corporation, firm,
enterjprise, authority, partnership, charity or institution, or part or combination thereof, whether [incorporated
or nof, public or private.

3.1.15
releyant variable
quantifiable facter that significantly impacts energy performance (3.1.9) and routinely chanlges

Note |l to entry: Significance criteria are determined by the organization (3.1.14).

Note [2¢to, entry: In a statistical approach, relevant variables are identified from independent Variaibles by using

signiHedhece-criteria-

EXAMPLE Weather conditions, operating conditions (indoor temperature, light level), working hours,
production output.

3.1.16

reporting period

defined period of time selected for evaluating energy performance (3.1.9) and energy performance
improvement (3.1.11)

Note 1 to entry: In this document, the concept of reporting period includes the concept of monitoring period.

©1S0 2023 - All rights reserved 3
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3.1.17

significant energy use

SEU

energy use (3.1.7) accounting for substantial energy consumption (3.1.5) and/or offering considerable
potential for energy performance improvement (3.1.11)

Note 1 to entry: Significance criteria are determined by the organization (3.1.14).
Note 2 to entry: SEUs can be related to facilities, systems, processes or equipment.

[SOURCE: ISO 50001:2018, 3.5.6]

3.1.18
static factor
identified falctor that significantly impacts energy performance (3.1.9) and does not routinely; change

Note 1 to entfy: Significance criteria are determined by the organization.
EXAMPLE Facility size, design of installed equipment, number of weekly shifts, range ‘@fjproducts.

[SOURCE: IS0 50001:2018, 3.4.8]

3.2 Abbreviated terms

CDD cooling degree day

CUSUM cumulative sum

EnB energy baseline

EnMS energy management system
EnPI energy performance indicator
HDD heating degree day

SEC specific energy consumption
SEU significant energy use

4 Overview of EnPIs, EnBs and energy performance

An organizption establishes EnPls and EnBs to measure and monitor energy performancel and
demonstrat¢ energy:performance improvement.

EnPIs provide relevant energy performance information to interested parties (e.g. internal ysers,
supply chaiwwmmmﬂw.ergy

performance.

EnPI values quantify the energy performance of the entire organization or its various parts (e.g.
facilities, equipment, systems or energy using processes). Potential EnPIs need to be analysed to decide
if they are appropriate before being selected. EnPIs can be expressed by using an energy model and can
be reported in units of energy consumption (e.g. GJ, kWh) or energy efficiency (e.g. km/I).

Energy consumption of an organization can be significantly affected by relevant variables such
as weather, production, etc. If the organization has data which indicates that relevant variables
significantly affect energy performance, normalization should be carried out to enable comparison
of energy performance. Normalization is used to account for the changes in the relevant variables
to monitor and evaluate energy performance, and evaluate and demonstrate energy performance
improvement.

4 © IS0 2023 - All rights reserved
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Energy targets are set by the organization and may be based on identified and planned energy
performance improvement opportunities.

Figure 1 illustrates an example of the relationship between energy performance improvement, EnPlIs,
EnBs, EnPI values and energy targets. Figure 1 also illustrates how energy performance improvement
is achieved when an EnPI value improves compared with the EnB, whether or not energy targets are
met.

The process to develop, use and update EnPls and EnBs is described in detail in Clauses 5 to 10. This
process helps the organization to monitor and evaluate energy performance and demonstrate energy
performance improvement. The processes within the EnPI and EnB planning are presented in Annex A.

Energy baseline

Energy performance improvement

A
I
I
I

———- Energy target

=
2
<
=
=1
= £}
3 o B _
E £3 o F
s E 82 =
=5 © © T o
£ 23| |Z¢g
9 B2 a £
=% Do [=<]
& 23 = E
) > =
Y 2 )
s =
g 12X
Energy baseline (Expected energy consumption
from energy model)
I Energy performance improvement
@)
Total actual energy consuniption of each period
Baseline period Reporting period
Key
X time
Y gnergy consumption
NOTH The trend-gfchanging energy consumption indicates that there is (are) relevant variable(s) and

normfalization is required.

Figure 1 —Example of conceptual relationship between energy performance, EnPIs,[EnBs, EnPI
values and energy targets

5 Obtaining relevant energy performance information

5.1 Initial-energy-performance-related information

Organizations should identify current types of energy uses and evaluate current and past energy
consumption and energy efficiency based on measurement and other data. Significant energy uses
(SEUs) are identified by analysing this information together with factors that affect energy performance.

This process helps to identify the SEUs and prioritize opportunities for energy performance
improvement.

NOTE This process is defined in ISO 50001:2018, 6.3 as “energy review”.

© IS0 2023 - All rights reserved 5
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5.2 Determining users of energy performance indicators

EnPIs should be developed to meet the needs and expectations of different users and should be easily
understandable.

Multiple EnPIs can be required to meet user needs. Aligning the EnPI boundaries with functional
roles can ensure that the EnPIs meet user needs and that responsibility for managing the EnPI can be
effectively assigned.

EnPIs can be developed for internal or external users. Internal users can use EnPIs for a wide variety
of purposes such as, but not limited to, maintenance, operation and energy performance evaluation.

External us

retunicallvzuca EnDlc ta maat informaation raaniramantc darivad firam laanl vnnnivnments
<y P y oo e T ot o e e T T oY et e rrv-eer TeSar et 13

and other rd

NOTE
always suffic
to understan

Table 1 desd

P TCTrT

EnPIs and EnBs required for external purposes, such as those for government reporting, ar
ient for managing energy performance improvement under ISO 50001 or for organizations wi
H their actual energy performance improvement.

quirements (e.g. sustainability reports).

ribes some common EnPI users.

TToreTroT cTrrreTrrey TTOTTT A2

Table 1 — EnPI users

e not
shing

Types of

EnPI users

Typical needs

Top manage

ment

Top management needs information from EnPls'to understand the energy
performance of the organization and to support energy performance
improvement actions.

Energy man
team

hgement

Group who supports the organizationyiticluding top management in: a) setting
an EnPI, b) maintaining an EnPI, ¢) monitoring EnBs, current EnPI values, valug
all relevant variables in predetermiined intervals, d) setting energy targets and

calculating extent of achievement of energy target, e) conducting normalizatiof

and comparison of current EnPI values with EnBs and energy target, f) reporti
of EnPI values and deviations, and g) interpreting the results.

up
s of

ng

Plant or facil
managemen

ity

Typically controls reseurces within the plant or facility and is responsible for
results. The plant orfacility manager should understand both planned energy
performance and investigate and respond to significant deviations in energy
performance-and in financial terms. Plant or facility managers may use all of th
EnPIs in their-plant or facility including the EnPlIs regarding their SEUs, and
comparable’EnPIs from other sites for benchmarking purposes.

Operation and

Respénsible for using EnPls to control and ensure efficient operation by taking]

maintenancg actioens for significant deviations in energy performance, eliminating energy

personnel waste and undertaking preventive maintenance. Operation and maintenance
personnel may use the EnPIs relevant to the process or equipment for which
they have responsibility.

Engineers Plan, execute and evaluate an energy performance improvement action using

suitable EnPIs including the method(s) used to evaluate energy
performance improvement.

External use

rs

External users such as regulatory bodies, professional and sector associations,
EnMS auditors, customers or other organizations can need information from
EnPIs to feed into their relevant processes.

EnPI owner

Person who is responsible for monitoring, analysing and reporting an EnPI and its

values.

5.3 Defining the energy performance indicator boundaries

To measure energy performance, suitable measurement boundaries for each EnPI should be specified.
When specifying an EnPI boundary the organization should consider the user needs (see 5.2) and also:

— organizational responsibilities in relation to energy management, including the level of control and/
or influence which the organization has over its energy performance;

© IS0 2023 - All rights res
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available data for energy consumption and relevant variables.

facilities, equipment, systems or energy-using processes that the organization wishes to isolate and

the ease of isolating the EnPI boundary by measuring energy consumption and relevant variables;

The three primary EnPIl boundary levels are individual, system and organizational as described in

Tabl{
Addi

b 2.

tional information on EnPI boundaries can be found in Annex B.

Table 2 — The three EnPI boundary levels

EnPI boundary levels

Description and examples

Indiy
ener

ridual (facility/equipment/
pby-using process)

The EnPI boundary can be defined around/thephysical perimete
facility, equipment or energy-using proecesswhich the organizat|
to isolate and manage.

EXAMPLE 1 The energy use of st€am production equipment sej
other energy uses.

br of a
jon wishes

barate from

Syst

The EnPI boundary can be defihed around the physical perimet¢
of facilities/equipment/energy-using processes interacting with
that the organization wahts to control and improve.

EXAMPLE 2 The steam production and the steam using equipn
adryer.

b1 of a group
each other

ent, such as

Orgq

nizational

The EnPI boundary can be defined around the organization also
account the responsibility in energy management of individuals
groups-of business units as designated by the organization.

EXAMPLE 3 Steam purchased for a factory(ies), or a departmeijt of the

organization.

taking into
teams,

5.4

The

(e.g.
ener

Defining and quantifying energy flows

rganization shouldddentify energy flows across the boundary. The organization can uj

bee Figure 2) to-determine the energy information required to establish EnPIs. The di
by flows withinand across the EnPI boundaries. They can also include additional infor

as metering points and product flows which are important for energy analysis and estal

EnPI

S.

The

rganization should measure energy flows across each EnPI boundary. This includes d
on-siteZgenerated energy. Consideration should be given to energy which crosses the En

eadiagram

1Ig]ram shows

ation, such
blishment of

blivered and

Pl boundary

and i
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Building 2

Administration

Boilers

-------------------- -
-

s |1

Building 3

Building 1

Chiller
plant

Air

compressors

Water
treatment

Process
stage 1

Process
stage 3

Process

Process
stage 2

Key
M measui

5.5 Defin
Organizatio

a) using 1
conside

b) using m

as arelg

The factor t
variables.

Table 3 pres

Process
stage 6

Process

Process
stage 8

Stage

stage 5

th
M)

Raw
materials

ement

vant variable.

3

Product A

f

ProductB

ents considerations’that are used to identify variables.

Figure 2 — Energy, raw material and productflow diagram

ing and quantifying variables related to energy performance

hs should determine relevant variables for each EnPI boundary. For example:

ore natural gas in the winter, the organization should consider using heating degree

Table 3 — Considerations used to identify variables

¥

Product €

ore electricity to produce some products*compared to another, the organization should
[ using product mix as a relevant variable;

days

hat affects the amount ofreniergy consumption required should be considered for relgvant

Aspects

Description

Inputs

Input-related variables are based on the quality and/or quantity of inpufs
which enter the boundary (e.g. milk entering a pasteurization process).

Process

Process-related variables relate to the activities within the boundary. A

example can be the different process temperatures and residence times
required to complete process steps. In a building, a process related variable
can be occupancy.

Outputs

Output-related variables are outputs which exit the boundary. In a
manufacturing process, an output related variable can be the quantity
of product produced.

Environment

Environment-related variables are based on the external environment
(e.g. heating degree days, cooling degree days, relative humidity).

The variables may be directly measured or derived from measurements (e.g. production is directly
measured whereas heating degree days is derived from measurements of outside environment
temperature and base temperature).
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Analysis of data collected by the organization can indicate relevant variables. A methodology to
determine which variables are relevant is described in Annex D.

If the determination of relevant variables within a selected boundary is difficult, the boundary can be
adjusted (e.g. subdivided).

5.6 Collecting data

5.6.1 Data collection

The ) ] ] jon and relevant
varig bles for each EnPI It should plan the access to the collected data, the t1m1ng ofcollection, the
process of collection and storage, and any pre-analysis cleaning or manipulation of the.datd.

It is possible that an organization will find that some of the EnPIs which were (previous|y identified
are 1ot measurable due to data limitations or other barriers. In such cases, the’ organization should
assegs and consequently revise the EnPls or introduce additional meters, measurement, ¢r modelling
metHods.

If th¢ expenditure towards installation of new meters, sub-meters and/ot sensors to collect data on the
requjred variables is justified by the improvement in its energy petformance, the organization should
speclfy such metering in its data collection plans.

In cajses where more detailed energy consumption data are:xnot available, energy bills can He used.
Consfideration should be given to variation in the billing-period between bills.

Tabl¢ 4 describes examples of challenges in gathering-data.

Table 4 — Energy data collection challenges

Scenarios Description and examples

Lacklof detailed measured data |Whenan organization does not have detailed measured data frqm energy
from energy suppliers suppliers, they may consider additional options for measuremerts provided
bythemselves or through their energy supplier.

Lackjof data on relevant variables/When an organization does not have data for certain facilities, equipment,
systems or energy using processes, they may add measuring instruments
to acquire these data, or use external sources such as official weather data.
A proxy variable can be used for relevant variables for which dafa are not
directly available (e.g. electricity consumption representing eleyator usage
as a proxy for building occupancy).

5.6.7 Dataquality

The quality, precision and accuracy of the data collected to calculate EnPIs needs to be donsidered if
the daletilated results are ta be meaningful Prior to calculating EnPls and their correspanding EnBs,
the organization should review the set of measured energy consumption and relevant variables to
determine the data quality.

Ensuring that data used are of appropriate quality and completeness can help increase the robustness
of the determined EnPI value and ensure that they meet the needs of the organization. Factors to
consider in determining the appropriate quality of data may include the following:

— the method of collection, i.e. manual or automatic;
— the source of data, e.g. third-party weather station data;

— the frequency of data collection, i.e. covering all shifts, hourly, daily, monthly, working hours and
seasons;
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the accuracy of meters and measuring equipment;

precision (measurement uncertainty regarding bias, linearity, resolution, etc.);

bility of data from the data source;

on of the data.

5.6.3 Measurement

Measurements can be taken continuously (e.g. using data from a supervisory control and data

acquisition
loggers) or
possible, th
periods that

Energy conj
may be esti
permanent 1
audit or wh
accuracy an
the decision|

In many caj
measuring

outdoor tenpperature, pressure and other factors. Multipliers ot factors are commonly applied t

actual mead
These shoul

5.6.4 Dat

The data c
conditions 3
an appropri
relevant var

NOTE D

The data col
and underst
weekly dat3
energy cong
reviews att

For statistid
have the sar

data

sustem or a data acguisition and handling sustem) on a temporarv basis (e o _using
J 1 (=] J J7 r J \Y =) O

on a spot basis (e.g. using mobile/portable meters). If continuous measurement*j

a)
-

are representative of typical operating conditions (see 5.6.2).

umption may be measured by using permanent or temporary, meters_or,sub-metel
mated by other means such as engineering calculations or modelling¢Wherever pos
meters should be installed for measurement. Temporary meters maycbe used during e
bre continuous measurements are not required. The organization-should be aware d
d repeatability of the measuring equipment and should considef:the relative importarn
s being made as a result of the data collected from these measurement instruments.

es, the quantity of energy consumed can only be measuréd indirectly. This can re
h flow, volume or mass of fuel supplied, and can vary.with factors such as compos

ured flow of gas or liquid fuel to calculate the quantity of energy contained in the
d be based on verifiable sources.

h collection frequency

pllection period and frequency shoeuld be sufficient to capture a range of oper
nd provide an adequate number-6f\data points for analysis. The organization should 4
ate data collection frequency (e:g. hourly, daily, weekly) for the energy consumptior
iables included in each EnPl and the corresponding EnB.

ta collection frequency istypically based on available data (e.g. monthly energy bills).

lection frequency may’be much higher than the frequency of reporting in order to mez
and the impact of-r€levant variables on energy performance. For example, hourly, da
collection cafi be needed at the operational level to address significant deviations.
umption and televant variables should be aggregated for periodic review (e.g. mo
he organiZational level).

al analysis, it is necessary that energy consumption and associated relevant variable
netime intervals.

5 not

organization should ensure that spot or temporary measurements are made/dliring

S, or
sible,
ergy
f the
ce of

uire
tion,
b the
fuel.

pting
elect
and

sure
ly or
Such
nthly

data

Even if the data collection period is the same (e.g. monthly), the data periods for energy and the relevant
variables can be different. In such cases, the data periods should be adjusted so that the data period for
energy and relevant variable data are aligned.

EXAMPLE

5.6.5

Energy consumption is metered on the 20th day of each month and provided as an energy bill.
The relevant variable (production) is measured at the end of each month. The organization decides to unify the
timing of metering to the 20th day of every month and to estimate the data of production.

Identifying and analysing outliers

Faulty metering, faulty data capture or unusual operating conditions can produce significant outliers.
Before excluding an outlier, investigations should be carried out to determine if there is a legitimate
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reason for the outlier. If some outliers are excluded, care should be taken to ensure that t
introduce bias into the EnPI value or its corresponding EnB.

his does not

EXAMPLE An annual plant shutdown can result in a significant variation in energy consumption.

Outliers may be identified by appropriate methods (e.g. scatter diagram, trend line). Data
than a pre-determined number of standard deviations from the expected value of the t
function may be outliers.

6 Determining energy performance indicators

points more
rend line or

6.1 | General

While selecting appropriate EnPls, the effects of relevant variables and the needs of {
information are key factors to be considered.

If appropriate, organizations should determine EnPIs including at least one EnPI for each S}

Therf are many other types of indicators that are used to monitor othér parts of the EnM
by the organization (e.g. control of SEUs, increase employee awareness of energy, be
equipment or processes). Care should be taken in using these indicdtors as EnPlIs as they d
apprppriately monitor energy performance or appropriately repreésent measures of energy 1
impriovement.

While choosing EnPls, the organization should considétrvits existing measurement and
capapilities, related to energy consumption and relevantvariables.

Anngx C provides additional information on the selection of EnPIs.

Wheh the organization’s objectives include reduction of greenhouse gas emissions, it sho
using additional indicators with CO, emission’factors. See Annex G for additional informati

EnPIk can be used for a variety of purpeses such as:

isers of the

<U.

S as defined
nchmarking
b not always
erformance

monitoring

1ld consider
pn.

— uUnderstanding the energy performance of facilities, equipment, systems or energy-usinig processes;

— ¢ommunicating information’and engaging the organization in issues related to energy p

— fracking progress tewards energy targets;

— 1nanaging and gentrolling SEUs;
— 1Inonitoringtand measurement of energy performance;
— ¢valuafing and demonstrating continual energy performance improvement.

EnPI{values may be available from measurements or calculations.

erformance;

6.2 Expressing energy performance indicators
6.2.1 Statistical model

6.2.1.1 General

The organization should normalize (see Clause 8) its energy consumption or energy efficiency using an

appropriate energy model. An energy model can be used to calculate the expected energy c
or the expected energy efficiency.

© IS0 2023 - All rights reserved
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6.2.1.2 One relevant variable

6.2.1.2.1

General

In cases where there is only one relevant variable, a simple linear regression or a nonlinear regression
energy model for energy consumption or energy efficiency can be used.

A simple linear regression energy model for energy consumption can be expressed by Formula (1):

Y=mx+C

where

Y
m
X

C

Special cases of the linear regression energy model are described in 6.23¢2.2 and 6.2.1.2.3.

6.2.1.2.2

In the speci}

Y= CE

where

Y

Cg

A simple m
consumptio
of energy cq
varies with
an acceptah
variables anld normalization is required.

6.2.1.2.3

In the specif

Y=mx

where

Y
m

X

12

is the energy consumption;
is the energy consumption per unit of the relevant variable;
is the value of the relevant variable;

is the base load energy consumption, not related to the relevant variable.

is tIe energy consumption;

ist

M

bimple metric

ic case where m = 0, the energy model can be expréssed by Formula (2):

e constant energy consumpfjor.

etric can be used as an,;EnPl where there are no relevant variables affecting er
h. Whether a simplemetric is appropriate or not can be established by observing a {
nsumption over time. This means that the daily, weekly or monthly energy consum
n an acceptable‘range as established by the organization. If Y is not constant, or w
le range established by the organization, then this indicates that there can be relg

Ratio

(2)

ergy
rend

btion
ithin
vant

iccase where c = 0, the energy model can be expressed by Formula (3):

is the energy consumption;
is the energy consumption per unit of the relevant variable;

is the value of the relevant variable.

© IS0 2023 - All rights res

(3)

erved


https://standardsiso.com/api/?name=995512efd72a5b8b81e2c289c707d07a

ISO 50006:2023(E)

In this specific case where the base load is zero, ratio of energy consumption per unit of the relevant
variable (m) gives an appropriate energy model. This is usually known as specific energy consumption
(SEC).

A ratio can be used as an EnPI when there is one relevant variable affecting energy consumption and
there is no base load energy consumption.

6.2.1.3 Multiple relevant variables

In cases where there is more than one relevant variable, a multiple linear regression or a multivariable
regression energy model can be used. A multiple linear regression energy model for energy consumption

can e expressed by Formula (4]:

Y=myx; + myXx, + ...+ myx, +c (4)
whertte
Y is the energy consumption;

are the energy consumption per unit of relevant variables;
X1 Xg5 e Xy are the relevant variables;
q is the constant value.

In prjactice, an energy model with multiple relevant variables is most common.

6.2.2 Aggregated models
An aggregated energy model can be calculated by combining different energy models.

Condition-based models are also aggregated models. In this case, different energy modelq are applied
on eifher side of a threshold value (N{ qf a relevant variable. A condition-based model can He expressed

by Farmulae (5) and (6):

Y=f(xq, X9, ... X)) —— if x; >N (5)
Y=g, x5, ... X)) —GEX, <= N 6)
where
Y is the energy consumption;
Ji is the energy model considering the relevant variables, when the relevapt variable
vadcahaunthathenchAld ol (A
(\1 TO AUUVUO LUITU LT L ornivivu valiuco LIVJ,
g is the energy model considering the relevant variables, when the relevant variable

X; is below or at the threshold value (N);

X1, Xp, o Xp are the relevant variables.

EXAMPLE The state of a plant includes not only “in operation” but also “part-load” and “standby”. A
condition-based model can be used if it cannot be treated as an outlier.

6.2.3 Engineering model

Engineering models are often described by physical or empirical laws (e.g. equation relating fluid
resistance and flow velocity to pump power consumption).
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Engineering models can be used for calibrated simulation to assess the energy performance of simple
and complex facilities, equipment, systems or energy-using processes.

NOTE

energy consumption and the simulation result (expected energy consumption) are equivalent.

Calibrated simulation is a simulation that adjusts parameters of the energy model so that the actual

The organization can use existing engineering models (e.g. for buildings). However, creating an

engineering

model can require particular expertise.

7 Establishing energy baselines

7.1 Concq

The EnB is {
performanc

The followiy
determf
determi
collect {
analyse

determi

7.2 Detel

When estab

goals and targets along with the nature of its operations. The baseline period should be long enou

ensure that
production,

The frequency with which an organization acquires data can be a consideration in determin

suitable bas
Table 5 pres

If an organi

data are required for the€nB. In this case, the EnB is set for one year of daily data.

ppt of EnB

sed for the comparison of energy performance. Comparison is made for monjtorning e
e and demonstrating energy performance improvement.

1g steps should be taken to establish an EnB:

ne the specific purpose for which the EnB will be used;

ne a suitable data period;

he data;

the data to develop a method of normalization (if applicable);

ne and evaluate the EnB.
'mining baseline period
ishing the EnBs the organization should-determine a suitable period considering its er]

the variability in operating patterns is accounted for by the EnPI and EnB (seasonal
weather patterns, etc.).

eline period.
ents typical baseline)periods to be considered.

zation wishes<oymonitor EnPIs every day, even where a baseline period is one year,

Table 5 — Typical baseline periods to be considered

ergy

ergy

gh to
ty in

ng a

daily

Typica

periods Description and examples

One year

The most common baseline period is one year. It can capture a full range of
weather conditions or business operating cycles.

Less than on

e year A shorter period may be used where energy consumption is seasonal (e.g. a

vegetable canning factory, ski resort).

Short EnB durations can also be necessary for situations in which there is an
insufficient quantity of reliable, appropriate or available historical data.

More than one year

Seasonality and business trends can combine to make a multi-year EnB optimal
(e.g. a winery wants to track energy performance only during the crushing and
fermentation period of each year; however, over multiple years).
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8 Normalization

8.1

Concept of normalization

During the operation of any facility, equipment, system or energy-using process the relevant variables
routinely change. As a result, the energy performance, energy consumption and energy efficiency
appear to fluctuate. Normalization is used to calculate the EnB to account for changes in the relevant
variables.

The organization should establish an EnB for each EnPI using values of energy consumption and
relevant variables during the baseline period. The EnB should be normalized if the orga

data

The

nization has

indicating that certain variables significantly affect energy performance.

organization should measure its actual energy consumption during the reporting

compare it versus the expected energy consumption. An example of how to menitor a

ener

Ener]

by performance is shown in Figure 1.

py performance improvement is evaluated by the organization by €¢omparing the

against the corresponding EnB.

A ste

A nu

8.2

Whe
of th

pwise procedure is presented in Annex D as a guidance to carry-eut normalization.

merical example of the application of this procedure is giveényin Annexes E and F.

Uncertainty of model

h developing EnPIs and EnBs organizations should consider the uncertainty of measui
e energy model. Additional resources should be,considered for higher accuracy.

Org

izations should select an energy modelithat will result in EnPI values with the

unceftainty for each comparison purpose. li-the operation of facilities, equipment, system
using processes, EnPI value is compared with the operation criteria (e.g. upper and lowel

the

9

9.1

Whe
ener
that

mea
deve

Ther]

ergy target.

aintaining energy performance indicators and energy baselines

General

h changes to facilities, equipment, systems or energy-using processes occur, energ
by consumptienrand associated relevant variables can be impacted. The organization sH
the current’EnPIs, the corresponding boundaries and EnBs are still appropriate and|
uring energy performance. If they are no longer appropriate, the organization shou
op néew'EnPIs and corresponding EnBs.

period and
nd measure

EnPI value

rfements and

appropriate
S or energy-
limits) and

y efficiency,
ould ensure
effective in
d review or

hte or valid

e are several tests for determining whether the EnPI and EnB are still appropri

inclu

a)

ding:

should fall within one of the following:

1) within the range of relevant variables used in the model;

the relevant variables used to determine the expected energy consumption from the energy model

2) not exceeding a pre-determined number of standard deviations from the mean of the relevant

b)

variable data;

performance under equivalent conditions.
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The baseline period can be revised (e.g. shifted to a different time period), or energy performance can
be calculated without changing the baseline period.

Table 6 illustrates circumstances that can require organizations to revise EnPls and corresponding

EnBs.

Table 6 — Examples of circumstances that may require revision of EnBs and EnPls

Common changes

Description and examples

Static factors

If a static factor (see 9.2) changes, the related EnB may be revised. In some cases,
it can be necessary to develop a new EnPI and EnB. Statistical tests may establish

whether an organization should develop a new Enb or EnPl. For example, these
can include major production processes added or stopped and or changes to th
number of production shifts or substantial modifications to the building strtcture
and building equipment.

1y~

Relevant vaifiables When the relevant variable significantly changes and operates significantly oufside
of the range upon which the baseline was established, a new EnB"and associateld
EnPI should be established.

Energy type When an organization changes the types of energy it is using;it may need to

modify what is tracked (EnPIs) and how those factors areweighted in its EnB.

Data availab

lity

Improvements to the facility’s metering and data celleetion system can result ip
better quality data becoming available or new releyant variables coming to light. It
can be necessary to revise EnPlIs and EnBs.

Data frequet

If data are collected at more regular interyals'or at a higher frequency, this can
enable more effective management with amew EnPI and EnB.

Baseline per

iod

Organizations may wish to update the(baseline period to lock in accomplishments

to date and focus on improving against the current energy performance insteafl of
a past period. A strategic decisiofof such a nature can necessitate the updating of
the baseline period to a more recent period (such as the last year) to serve as the
new reference point.

According tg
mined meth

a predeter-
bd

The organization can find'it useful to identify conditions in advance that can
require a revision ofEnPls and corresponding EnBs. For example, many
organizations update-their EnBs annually.

9.2 Static

Static factor
energy cons

Table 7 desd

factor changes

ribes examples\when changes in static factors require revising the EnPIs or EnBs.

Table\7“— Static factor changes that require revision of EnPIs or EnBs

s need to be considered if they change, and if that change affects the relationship between
umption and relevant variables.

S

cenharios

Description and examples

Change in p

Pa | £ L
udguct L)’ lJC

A P‘l(:lllt lJl UduLCD ad \.Ullbibtcllt DCt Uf lJl UduLtD. ThC illtl UduLtiUll UfCI IICVV
product that changes the set of products should be considered as a static
factor.

Change in shifts per day

A plant has a fixed number of production shifts per day. If the number of
shifts increases or decreases, then this should require maintenance.

Change in building occupancy

A building has a relatively stable number of occupants. If the number of
occupants significantly increases or decreases due to new leases, then this
should require maintenance.

Change in floor area

A building has a fixed floor area. If the organization significantly expands
the building, or sells or rents out part of it, then this should require
maintenance.

16
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10 Monitoring and reporting of energy performance and demonstrating energy
performance improvement

10.

1 General

Energy performance can be monitored using EnBs and EnPIs for the following purposes:

Ener]

10.

Ener]

aga

com

Seve
mod

Ine

The
obse

to ensure that operational control of processes is effective;

to demonstrate energy performance improvement;

o monitor progress towards achievement of energy targets.

py performance should be presented to users based on their needs and roles.

2 Monitoring and reporting

py performance can be monitored by comparing the actual energy ‘consumption
st the expected energy consumption (EnB) on an hourly, daily, weekly or monthly ba|
arison can be adequate in the initial stages of developing these concepts.

i

Fal tools and techniques are used to monitor and report enetgy performance, based o}
], including:

monitoring the difference between the actual and the €xpected energy consumption u
¢hart of EnPlIs (and relevant variables);

monitoring the cumulative sum (CUSUM) of the“difference between the actual and t
e¢nergy consumption using a trend diagram;

q
1
q

omparing the difference between the actual and the expected energy consumption wi
arget (energy target can be calculated as a targeted percentage reduction from the expg
onsumption);

Ionitoring the energy consumption and the production by using a scatter diagram.
h case, the information-can be represented graphically or in tables.

process of monitoring energy performance using EnPls is routine. If an unexpect
rved, the cause should be investigated by:

investigating-operational control of the equipment/systems to establish the cause of th

if the deviation is causing excessive energy consumption, taking corrective action to
eviation*from occurring again;

EnPI value)
sis. Monthly

1 the energy

sing a trend

he expected

th an energy
cted energy

ed result is

e deviation;

prevent the

if the'deviation is a result on unexpectedly low consumption, establishing the cause a

|nd trying to

eTbed this actiom {to o Tt Operations;
ensuring that the data are accurate;

considering if a static factor has changed.

The results of EnPI monitoring can also be reported in summary or in detail.

10.

Org

3 Demonstrating energy performance improvement

anizations can need to demonstrate energy performance improvement.

Improvement in energy performance should be evaluated by comparing EnPI values against the
corresponding EnB(s).

©IS
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This can be done at facility level, SEU level, process level, etc.

Table 8 illustrates some common approaches to monitor and report on energy performance
improvement.

Table 8 — Monitoring, reporting and demonstrating energy performance improvement

Method Description and examples Formula

Difference Difference between the reporting period EnPI value (R) and the R-B
EnB (B).

The cumulative sum of R — Risanuseful fprhnian—\ for mnnifnring
and for demonstrating improvement.

Per cent chaphge |Difference between the reporting period EnPI value (R) and the [(R- B)/Bl\»¥1d0
EnB (B), expressed as a percentage of the EnB.

Ratio Ratio of the reporting period EnPI value (R) and the EnB (B). (R/B)

Index Ratio of the reporting period EnPI value (R) and the EnB (B), (R/B) x 100
expressed as a percentage.

Key

Bis the EnB.

Ris the reporting period EnPI value.
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Annex A
(informative)

EnPI and EnB planning process
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Establishing EnPIs & EnBs

| Identify outputs from energy review 5.1
v
Determine users of EnPI and their objectives
— monitoring and evaluating energy performance 5.2
— demonstrating energy performance improvement
v
| Define EnPI boundaries (B1-Bn) | 53
For B1 to Bn
> v
Select EnPI candidates suitable for the management objectives 6
v
| Data collection | 5.6

Determine normalization method 8
K
Establish EnB, energy target and test 7

NO m
Determine details using method

— planning for collection of energy:data 9
— resource, competence, commugication, etc.
T

Using EnPIs & EnBs |

monitoring demonstrating

Iy > <

(| <
| Monitoring performance | M
Demonstrating energy performance

2

YES Respond improvement
=
| Evaluating performance |
NO
OK Respond

aintaining' EnPIs & EnBs

N\ =

O I
| Check EnPI and EnB | Check EnPland EnB
m‘ YES ¢‘ TES
Maintaining Maintaining
EnPI and corresponding EnB EnPI and corresponding EnB 9

= ‘ J

Figure A.1 — EnPI and EnB planning process
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Annex B
(informative)

Examples of EnPI boundaries

During the process of measuring, monitoring, analysing and evaluating energy performance, and
demonstrating energy performance improvement, it is important to find the most inefficient part of
the groduction system. An EnPI boundary can be used effectively to focus on this part-by narrowing
the Boundary. As a first step, the EnPI boundary is the entire organization. In such_¢agses, the target
boundary should be divided into several EnPI boundaries. As next steps, the EnPI boundarigs should be
narrpwed down to the SEU level for identifying areas in which energy performafice can be improved.
Figure B.1 shows the EnPI boundary division process.

EnMS boundary

‘/ \\‘/
1st :
1 EnPI boundary
Step : (Entire)
1
TN 0 i
’/ """""""""""" \\I
1 .
ond : T— EnPI boundary (#1 Entire)
1 SEU faeility H— EnPI boundary (#1-1 SEU facility)
Step 1 1
]
1 EnPI boundary (#1-2 Other)
\ 7
. XQ ______ .
~N

\
+_ EnPI boundary (#1 Entire)

|
3rd : SEU I EnPI boundary (#1-1 SEU facility)
St : equipment | T EnPI boundary (#1-1-1 SEU equipment)
1
ep : !
T

EnPI boundary (#1-1 -2 SEU other equipment)
EnPI boundary (#1-2 Other)

Figure B.1 — EnPI boundaries division process

Wheh dividing the’EnPI boundaries, organizations should consider that:

a) the numbey of divisions should be minimized;

b) itistecommended that the boundary is first divided into two parts such as SEU and other;
c)l'i"i — ot e —

d) the facility can be divided on the basis of process (e.g. process for product X, process for product Y
and utilities);

e) the EnBs can be established for each operational status of the EnPI boundary.

The operational status refers to production ramp-up, normal operation, production hold, production
stop, etc. As a minimum, it is recommended that organizations establish at least two EnB operational
status conditions: under production conditions, and under non-production conditions.
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Annex C
(informative)

Examples of energy performance indicators

Table C.1 provides descriptions about the expression of EnPIs, as well as examples of their applications.
It outlines the various EnPI calculation methods as well as when an organization should choose each

method. All

22

methods should be regularly maintained to ensure valid results.
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Annex D
(informative)

Example of normalization stepwise process

Preparation for normalization

The
calcy

when available. Depending on the physical processes, the organization may choose;a linear

mod

The f

|

q

[(

q

D.2

The
relat

Cons
varis

D.3

The adjusted coefficient of determination (R2) can be used to choe$€between the diffe
Typically, it can be considered that a higher adjusted R2 value regresents a better modé

East one of the potentially relevant variables uséd in the model has a “significant” effe

The P-value criterion is typically used~to determine if a variable significantly afrl]e

onsumption. A P-value less than, for.example, 0,1 or 0,05 is often used as the significance criterion.
These figures indicate that there isa@90 % or 95 % chance that the variable has a syster|
gnd is thus significant.

brganization should use spreadsheets or software with data analysis capabilities fq
lations and the normalization process. Specialized statistical analysis packages\can

b].

ollowing items apply to the evaluation of validity of the model:

NOTE Standard error can also be used to determine the most-suitable model. A lower st
epresents a better model.

An F-testis used to evaluate the overall statistical sighificance of a regression model. Th
odel is considered statistically significant when tlie F-test value is less than 0,1, indic

onsumption.

Step 1 — Collection'of data for the baseline period

potentially relevant \variables are selected based on brainstorming or by consideri
kd to inputs, outpiifs; process and environment (see 5.5).

idering the EnPlboundary, the data are collected for energy consumption and the seled
bles and tabulated for further analysis.

Step 2 — Correlation test

r statistical
hlso be used
br nonlinear

rent models.
l.

hndard error

e regression
ating that at
Ct on energy

cts energy

natic impact

hg variables

ted relevant

The

the e

pUTpOSE Of Step 2, which 1s optional, 1S to get a preliminary analysis of the relationsn
nergy data and the variables.

ips between

A correlation test on all energy types and all potentially relevant variables should be carried out in
order to obtain values for the coefficient of determination R2 for each single relation.

NOTE The correlation test is used to evaluate the association between two or more variables.

D.4 Step 3 — Regression analysis

Regression analysis is carried out to quantify the effect of each potentially relevant variable on the
energy consumption. The results of the regression analysis are examined to establish which variables
are relevant.

© IS0 2023 - All rights reserved 25


https://standardsiso.com/api/?name=995512efd72a5b8b81e2c289c707d07a

ISO 50006:2023(E)

If more than one variable does not meet the P-value criterion, the one with the highest P-value is
eliminated and the regression analysis is repeated with the remaining variables. There needs to be a
technical understanding of why a variable is being eliminated. It can be due to inaccurate data or poor
operational control. This process continues until all variables have a P-value of less than 0,1. This is the
resultant energy model and the coefficients of each relevant variable, and the intercept are used as the
baseline model.

After checking the significance of the coefficients, collinearity, which can lead to distorted results of the
analysis, can be checked using various tests and indicators such as the variance inflation factor (VIF).
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Annex E
(informative)

Example of normalization

ISO 50006:2023(E)

The following example is for a heating system of a building. It outlines the basic steps takeh to develop
an ehergy model that can be used to determine and monitor energy performanceyand demonstrate
energy performance improvement.

NOTH Gas consumption is normally measured in m3 but also can be expressedyin’ kWh. The fonversion is
madg using the formula: gas consumption (kWh) = gas consumption (m3) x calorific value x volume correction
factor / unit conversion factor.

E.2 | Boundary and collection of energy data

An EpPI boundary was established for the whole building including all energy uses within. Monthly gas
conspmption data for this EnPI boundary was collected from available sources for the baseline period.
The baseline period was established to be 1 January 20200 31 December 2020 as this time|period fully
captlires all operational conditions during different sedsons. The data was entered into a preadsheet

(see able E.1).

Table E.1 — Monthly as consumption of the baseline period

Year Month Measured gas
consumption
kWh
2020 January 1414
(baséline period) February 916
March 1007
April 921
May 475
June 260
July 218
August 252
September 635
October 607
November 1038
December 1267

E.3 Preliminary analysis of the data

A graph of monthly energy consumption data versus corresponding dates of the baseline period was
generated (see Figure E.1), which indicates that the amount of natural gas consumed varies seasonally

over the year.

© IS0 2023 - All rights reserved
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Figure]

The consun
for heating
(temperatuf
that a simp
demonstrat
required.

Given that
degree dayj
Table E.2). 1

DO

8 9 10 11 126X

hth (January to December)
consumption, in KWh

hsured gas consumption, in kWh
E.1 — Gas consumption versus corresponding dates.of'the baseline period 2020

ption in the summer, where the heating unit is turned off, shows that there is a der
energy (here for hot water, for washing hands;€tc.) that is not dependent on the sqg
e) but can be seen as a base load throughout the year. These observations ind
le metric and ratio are not suitable to usé€when determining energy performancg
ng energy performance improvement for the building. Accordingly, normalizati

he natural gas consumed withip-the EnPI boundary is used by a heating system, he
(HDD) data in kelvin days (Kdj were collected as a potentially relevant variable]
Fthe HDD are statistically sighificant, then it is chosen as a relevant variable.

Table E.2 — Consumption data and heating degree days

nand
ason
icate
and
bn is

pating
(see

28

Year Month Measured gas Heating degree
consumption days
kWh kelvin days (Kd)
2020 January 1414 598
(baseline period) February 916 397
March 1007 325
April 921 345
May 475 95
June 260
July 218
August 252
September 635 168
October 607 210
November 1038 393
December 1267 476
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The HDD data was entered into the spreadsheet and a scatter diagram of HDD data against natural gas
consumption data was developed. Visual analysis confirms a linear relationship between natural gas
consumption and HDD exists (see Figure E.2).

600 ———= o.le y = 1,980 5x + 253,88
------ R'=0,976 6

0 100 200 300 400 500 600 700 X

Key
X  heating degree days, in Kd
Y gas consumption, in kWh

Figure E.2 — Scatter diagram of monthly gas consumption versus heating degree days in 2020

E.4 | Regression analysis

The method of linear regression was ‘selected to create an energy model. To create the lineajr regression
energy model, a trend line (line ofibest fit) was created with the energy consumption and HPD data (see
Figure E.2). The resulting energy~model is expressed as discussed in Formula (1) (see 6.2.1{2).

The gas consumption is function of HDD, and the baseload is represented by the constant which is
typidally expressed as @as’consumption (kWh/month) = 1,980 5 (kWh/HDD per month x HDD per
month) + 253,88 (kWh/month).

The R2 of 97 % iridicates a reasonable correlation.

NOTH Models with lower RZ values can still be used to generate meaningful results. A general {threshold for
R2 caphnot hegiven as it is highly dependent on the variance in the analysed data.

E.5 Monitoring and reporting of energy performance and demonstrating energy
performance improvement

This energy model enables calculation of expected energy consumption during a reporting period to
monitor energy performance and determine energy performance improvement. For this, HDD data
from January 2021 was obtained and inserted into the spreadsheet-based energy model to calculate the
expected consumption for January 2021. The expected energy consumption (i.e. EnB) for January 2021
(1 1466 kWh) was then compared with the actual energy consumption for January 2021 (1 343 kWh)
and the difference of -123 kWh indicates an energy performance improvement (see Table E.3).

Each individual month is monitored in the same way as with January 2021, by inserting the monthly
HDD data into the energy model to calculate an expected energy consumption (i.e. EnB). The expected
energy consumption is compared to the actual energy consumption and a difference is calculated. The
difference can be positive or negative depending on the actual energy performance in the month.
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