INTERNATIONAL
STANDARD 5

ISO
0006

First edition
2014-12-15

Energy management systems —
Measuring energy performance
energy baselines (EnB) and ene
performance indicators (EnPI) -

General principlées and guidance

Systemes de managementde l'énergie — Mesurage de la |
énergétique a 'aide des performances énergétiques de réf
(PER) et d’indicateqrs de performance énergétique (IPE)
généraux et lignes directrices

using
rsy

berformance
érence
— Principes

-_— Reference number
= N— 1SO 50006:2014(E)

© IS0 2014


https://standardsiso.com/api/?name=0ca786a8405ee0d6ac78ceee4dc3b140

ISO 50006:2014(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2014
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 41 22 749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=0ca786a8405ee0d6ac78ceee4dc3b140

ISO 50006:2014(E)

Contents Page
FFOT@WOTM ........oooccceeee st iv
IIUETOQUICEION......o.c st \%
1 SCOPI ...t 1
2 NOTITNATIVE TEECI@INCES ..........ccccocovooveieissie st 1
3 Terms and defiNItiONS ... s 1
4 Measurement of energy performance 4

4.1 (0T =) L0 N ) T4 1= SO R . 4

4.2 Obtaining relevant energy performance information from the energy review .{................ 7

Anng

Anng

Anng

Anng
Anng
Bibli

ex C (informative) Further guidance on energy performdnce indicators and

ex D (informative) Normalizing energy baselines using relevant variables

x E (informative) Monitoring and reporting on'energy performance ...

OBTAPIY ...t € e

4.3 Identifying energy performance indicators.......ce o]
4.4 Establishing energy Daselines.............onsses gt
4.5 Using energy performance indicators and energy baselines
4.6 Maintaining and adjusting energy performance indicators and¢energy baselings............... 17
ex A (informative) Information generated through the energy review to identify EnPIs and
establish EnBs
ex B (informative) EnPI boundaries in an example production-process .........fo, 19

€NErgY DaS@IINES ... e Feee et

© 1S0O 2014 - All rights reserved iii


https://standardsiso.com/api/?name=0ca786a8405ee0d6ac78ceee4dc3b140

ISO 50006

:2014(E)

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.
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Introduction

This International Standard provides organizations with practical guidance on how to meet the
requirements of ISO 50001 related to the establishment, use and maintenance of energy performance
indicators (EnPlIs)andenergybaselines (EnBs)inmeasuringenergyperformanceand energyperformance
changes. EnPIs and EnBs are two key interrelated elements of ISO 50001 that enable the measurement,
and therefore management of energy performance in an organization. Energy performance is a broad
concept which is related to energy consumption, energy use and energy efficiency.

In order to effectlvely manage the energy performance of their fac111t1es systems, processes and

nnnnnnnn 4 lesoxaz b d o d b o oo ol 2| A
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EnPIfis a value or measure that quantifies results related to energy efficiency, use and>donsumption
in facilities, systems, processes and equipment. Organizations use EnPls as a measute, of their energy
performance.

The EnB is a reference that characterizes and quantifies an organization’s energy performance during
a specified time period. The EnB enables an organization to assess changes’in energy performance
between selected periods. The EnB is also used for calculation of energy(savings, as a refefence before
and 3fter implementation of energy performance improvement actions;

Organizations define targets for energy performance as part of’the energy planning process in
their energy management systems (EnMS). The organization'needs to consider the specific energy
performance targets while identifying and designing EnPIs afid EnBs. The relationship between energy
perfgrmance, EnPlIs, EnBs and energy targets is illustratedin Figure 1.

.
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Figure 1 — Relationship between energy performance, EnPls, EnBs and energy targets

This International Standard includes practical help boxes designed to provide the user with ideas,
examples and strategies for measuring energy performance using EnPIs and EnBs.

The concepts and methods in this International Standard can also be used by organizations that do not
have an existing EnMS. For example, EnPlIs and EnBs can also be used at the facility, system, process or
equipment level, or for the evaluation of individual energy performance improvement actions.

Ongoing commitment and engagement by top management is essential to the effective implementation,
maintenance and improvement of the EnMS in order to achieve the benefits in energy performance
improvement. Top management demonstrates its commitment through leadership actions and active
involvement in the EnMS, ensuring ongoing allocation of resources including people to implement and
sustain the EnMS over time.
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INTERNATIONAL STANDARD ISO 50006:2014(E)

Energy management systems — Measuring energy
performance using energy baselines (EnB) and energy
performance indicators (EnPI) — General principles and
guidance

1 $cope

This|International Standard provides guidance to organizations on how to establish;use apnd maintain
energy performance indicators (EnPIs) and energy baselines (EnBs) as part of the proCess df measuring
energy performance.

The guidance in this International Standard is applicable to any organizationjpegardless of its size, type,
locatfion or level of maturity in the field of energy management.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this docunjent and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referjences, the latest edition of the referenced document (including any amendments) applies.

[SO 30001:2011, Energy management systems — Requirements with guidance for use

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 50001 and the follpwing apply.

31
adjustment
process of modifying the enekgy baseline in order to enable energy performance comparison under
equiyalent conditions between the reporting period and the baseline period

Note 1 to entry: ISO 5000I-requires adjustments to the EnB when EnPIs no longer reflect organizafional energy
use and consumption;~0r’when there have been major changes to the process, operational patterps, or energy
systems, or according\to a predetermined method.

Note P to entry: Typically adjustments are made to account for changes in static factors.

Note B toeentry: Predetermined methods typically reset the EnB at defined intervals.

3.2
baseline period
defined period of time used to compare energy performance with the reporting period

3.3
boundaries
physical or site limits and/or organizational limits as defined by the organization

EXAMPLE A process; a group of processes; a site; an entire organization; multiple sites under the control of
an organization.

[SOURCE: ISO 50001:2011, 3.1]
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energy
electricity, f

:2014(E)

uels, steam, heat, compressed air, and other like media

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

Note 2 to entry: Energy can be defined as the capacity of a system to produce external activity or perform work.

[SOURCE: IS

3.5

energy bas
EnB
quantitative

Note 1 to ent

Note 2 to entr
e.g. producti

Note 3 to ent
implementat

[SOURCE: IS

3.6
energy con
quantity of ¢

Note 1 to en
converted int

Note 2 to ent]
be measured

[SOURCE: IS

3.7

energy effi
ratio or othg
an input of €

EXAMPLE
operate/ener|

Note 1 to ent

050001:2011, 3.5]

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

Fy: An energy baseline reflects a specified period of time.

y: An energy baseline can be normalized using variables which affect energy useand/or consum
n level, degree days (outdoor temperature), etc.

'y: The energy baseline is also used for calculation of energy savings, as a'reference before and|

on of energy performance improvement actions.

0 50001:2011, 3.6, modified — Abbreviated term has beenadded.]
sumption

bnergy applied

fry: Energy consumption can be represented:.ifyvolume and mass flow or weight units (fu
o units that are multiples of joules or watt-hours (e.g. GJ, kWh).

y: Energy consumption is typically meastred using permanent or temporary meters. The value
directly or can be calculated over a_speeific period of time.

0 50001:2011, 3.7, modified —Notes 1 and 2 to entry have been added.]

Ciency
r quantitative relationship between an output of performance, service, goods or energy
nergy

Conversion{efficiency; energy required/energy used; output/input; theoretical energy us
oy used to operate.

Fy: Bothiniput and output need to be clearly specified in quantity and quality, and be measurah

[SOURCE: IS

btion,

after

bl) or

scan

r and

ed to

0.50001:2011, 3.8]

3.8

energy performance

measurable

results related to energy efficiency, energy use and energy consumption

Note 1 to entry: In the context of energy management systems, results can be measured against the organization’s
energy policy, objectives, targets and other energy performance requirements.

Note 2 to entry: Energy performance is one component of the performance of the energy management system.

[SOURCE: IS

050001:2011, 3.12]

© ISO 2014 - All rights reserved
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3.9

energy performance indicator

EnPI

quantitative value or measure of energy performance, as defined by the organization

Note 1 to entry: EnPIs could be expressed as a simple metric, ratio or a more complex model.
[SOURCE: ISO 50001:2011, 3.13]

3.10

energy target
detajled and quantifiable energy performance requirement applicable ta the organization or parts

thergof, that arises from the energy objectives and that needs to be set and met in order tolachieve this
obje¢tive

[SOURCE: ISO 50001:2011, 3.17]

3.11
enerjgy use
manfer or kind of application of energy

EXANPLE Ventilation; lighting; heating; cooling; transportation; proeesses; production lines.
[SOURCE: ISO 50001:2011, 3.18]

3.12
faciljty
single installation, set of installation or production pfocesses (stationary or mobile), which can be
defirled within a single geographical boundary, organization unit or production process

[SOURCE: ISO 14064-3:2006, 2.22]

3.13
normalization
process of routinely modifying enerigy'data in order to account for changes in relevant variables to
compare energy performance under equivalent conditions

Note [l to entry: EnPIs and corresponding EnBs can be normalized.

3.14
releyant variable
quaritifiable factor that'impacts energy performance and routinely changes

EXANPLE Preduction parameters (production, volume, production rate); weather conditipns (outdoor
tempgrature, degree days); operating hours; operating parameters (operational temperature, light |evel).

3.15

EXAMPLE The period for which an organization wants to assess changes in EnPIs relative to the EnB period.
3.16

significant energy use

SEU

energy use accounting for substantial energy consumption and/or offering considerable potential for
energy performance improvement

Note 1 to entry: Significance criteria are determined by the organization.

[SOURCE: ISO 50001:2011, 3.27, modified — Abbreviated term has been added.]
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static factor

identified fa

EXAMPLE 1

ctor that impacts energy performance and does not routinely change

Facility size; design of installed equipment; the number of weekly production shifts; the nu

or type of occupants (e.g. office workers); range of products.

EXAMPLE 2

A change of a static factor could be a change in a manufacturing process raw material,

aluminium to plastic.

[SOURCE: IS

050015:2014, 3.22, modified — Examples have been modified.]
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nPIs are used to quantify the energy performance of the whole‘organization or its va
are quantitative references used to compare EnPI values ovet; time and to quantify chg
rformance.

Energy performance results can be expressed in units of consunmption (e.g. GJ, kWh), specific e

consumptio
ratios, etc. ']
illustrated i

Energy perf
linked to ch

An overviey
and describ
measureme

4.1.2 Ene

Quantifying

h (SEC) (e.g. kWh/unit), peak power (e.g. kW), percentchange in efficiency or dimensio
'he general relationship between energy performahce, EnPls, EnBs and energy targg
h Figure 1 in the introduction.

prmance can be affected by a number of relevant variables and static factors. These c{
hnging business conditions such as market demand, sales and profitability.

v of the process to develop, use:dnd update EnPls and EnBs is illustrated in Figy
ed in detail in 4.2 to 4.6. This process helps the organization to continually improv
ht of its energy performance.

gy consumption

energy consumptiognjsessential for measuring energy performance and energy perform

improvements.

When multi
energy. Card
energy cons

ble forms of efrergy are used, it is useful to convert all forms to a common unit of measy
should be taken to perform the conversion in a manner that appropriately represents
umed inclading losses in the energy conversion process.

ffectively measure and quantify its energy performance, an organization establishes EnPls

rious
nges

ergy
nless

pts is

in be

ance

re of
total

4.1.3 Ene

rgyuse

Identifying energy uses such as energy systems (e.g. compressed air, steam, chilled water, etc.), processes
and equipment helps to categorize energy consumption and to focus energy performance on uses that

are importa

nt to an organization.

4.1.4 Energy efficiency

Energy efficiency is a frequently used metric for measuring energy performance and may be used as an

EnPI.

Energy efficiency can be expressed in a number of ways, such as energy output/energy input (conversion
efficiency); energy required/energy consumed (where energyrequired may be derived from a theoretical

© ISO 2014 - All rights reserved
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model or some other relationship); production output/energy input (for example the tons of production
per unit energy consumed).

NOTE Energy input/production output is sometimes used as an EnPIl and is referred to as energy intensity.

=~

, 4 Obtaining relevant energy performance information from the N\
/ energy review Y

- Defining the energy performance indicators boundaries !
- Defining and quantifying the energy flows
- Defining and quantifying relevant variables

—Defimingandquantifymg static factors

\- Gathering data )

— i
Identifying energy performance indicators i
':' - Identifying users of energy performance indicators i
- Determining the specific energy performance characteristics to pe :
quantified !
q e \ |
d Establishing energy baselines i
E - Determining a suitable baseline period i
& \ - Determining and testing energy baselines /
\ \_ J /
us S A ¥

Using energy performance indicators and energy baselings
- Determining when normalization is needed
- Calculating energy performance improvements

=Communicating changes in energy performance
\J J

¥

Maintaining and adjusting energy performance indicators and
energy baselines

A 4

Figure 2 — Overview of energy performance measurement

4.1.5 Energy performance indicators (EnPIs)

EnPIs should provide relevant energy performance information to enable various users within an
organization to understand its energy performance and take actions to improve it.

The EnPIs can be applied at facility, system, process or equipment levels to provide various levels of
focus.

An organization should set an energy target and an energy baseline for each EnPI.

© IS0 2014 - All rights reserved 5
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4.1.6 Energy baselines (EnBs)

An organization should compare energy performance changes between the baseline period and the
reporting period. The EnB is simply used to determine the EnPI values for the baseline period. The type
of information needed to establish an energy baseline is determined by the specific purpose of the EnPI.

4.1.7 Quantifying energy performance

Energy performance changes can be calculated using EnPIs and EnBs for facilities, systems, processes

or equipment.

Comparing

calculating fhe difference in the value of the EnPl between the two periods. Figure 3 illustrates the\si

lves
ple

case where firect measurement of energy consumption is used as the EnPI and energy performarce is
compared bptween the baseline period and the reporting period.
In cases where the organization has determined that relevant variables such as weather, produgtion,
building opé¢rating hours etc. affect energy performance, the organization should‘normalize the |EnPI
and its corr¢sponding EnB to compare energy performance under equivalent cofiditions.
— EnB (energy baseline)
e Improvepient
o — ( EnPl improvement )
o —
(8] —
5—<1  |d L Target
— ()
£ — 5 (energy target)
Q_— © o)
g = > E
—_ s o ® Target
o £ — c 2 Achieved !
cC o — w s a ~
o— ear|te
> — (O cC o
2 = o5 | |L%
s— {5l |58
L = xel (OL
S A
2
aQ
S
>
2
8 N
> /\?‘
2
Q % otal anarav canciimntion of aach narind
C UUAT T TST 3, ST TIOUATTT CIVTT VT GUaTT I.I\al LAA>]
w — —>
Baseline period time

Reporting period

Figure 3 — Concept of baseline period and reporting period for an EnPI
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4.2 Obtaining relevant energy performance information from the energy review

4.2.1 General

The energy review provides useful energy performance information for developing EnPIs and EnBs.
Annex A illustrates the relationship between the energy review and information needed to identify EnPIs
and establish EnBs. The establishment of appropriate EnPls and corresponding EnBs requires access to
available organizational energy data, analysis of the data, and processing of energy information.

4.2.2 Defining the energy performance indicator boundaries

The

energy performance.

To measure energy performance, suitable measurement boundaries for each EnP} should
Thesge are termed EnPI boundaries and they may overlap.

NOT

bounfary is defined.

Wheh defining an EnPI boundary, consideration should be given to:

EnMS scope and boundary comprise the area or the activities within which an organizat

H The users of EnPI and their needs are identified first (see 4.3.2), and then the corresj

organizational responsibilities in relation with energy management;
the ease of isolating the EnPI boundary by measuring énergy and relevant variables;

the EnMS boundary;

gdnd improve;

gpecificequipment, processes and sub-processes that the organization wishes to isolate

on manages

be defined.

ponding EnPI

the significant energy use (SEU) or group of SEUs the organization designates as a priority to control

hnd manage.

The three primary EnPl boundary levels are individual, system and organizational as dlescribed in
Tabl¢ 1.

Table 1 — The three EnPI boundary levels
EnPI boundary levels Description and examples

Indivjdual facility/equipment/process | Process the organization wants to control and improve

The EnPI boundary can be defined around the physical perimeter of one facilit

Example: The steam production equipment

y/equipment/

System improve

The EnPI boundary can be defined around the physical perimeter of a group of
processes/equipment interacting with each other that the organization wants

Example: The steam production and the steam use equipment, such as a dryer

facilities/
o control and

equipment also taking into account the responsibility in energy management o

Organizational teams, groups or business units designated by the organization

Example: Steam purchased for a factory/factories, or department of the organi

The-EnPlbeundarycanbe-defined-around-the physical perimeteroffacitities/processes/

f individuals,

zation

Supplemental information on EnPI boundaries in the production process can be found in Annex B.

4.2.3 Defining and quantifying energy flows

Once an EnPI boundary is defined, the organization should identify energy flowing across the boundary.
The organization can use adiagram like the one in Figure 4 to determine the energy information required
to establish EnPIs. These fence diagrams or energy maps visually show flow of energy within and across
the EnPI boundary. They can also include additional information, such as metering points and product
flow which are important for energy analysis and establishment of EnPlIs.

© IS0 2014 - All rights reserved
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The organization should measure energy flows across the EnPI boundary, changes in stock levels of
fuels, as well as the quantity of any stored energy.

EnPIsand EnBs for SEUs require well-defined boundaries in order to quantify energy flows. An important
consideration for each SEU is appropriate metering for measuring energy consumption that crosses the
SEU boundary as well as availability of data on relevant variables.
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vioen |H——@— O E
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!
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Stag 0 > | 5 Process
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Process Process Process Q;
Stage 6 Stage 7 Stage 8 s\\)
Raw @ |
Materials @ @
Product A Product B Product C

Key
M Measuilement

Figure 4 — Fence diagram

4.2.4 Defining and quantifying relevant variables

Depending ¢n the needsof the organization and its EnMS, relevant variables that are likely to haye an
impact on epergy péerformance should be defined and quantified at each EnPI boundary. It is impoftant
to isolate thpse variables which are significant in terms of energy performance from the variables which
have little qrnovinfluence. Data analysis is often required to determine the significance of rel¢vant
variables.

Some variables are more relevant to energy consumption than others. For example, where energy
consumption per unit of production is being measured, counting the number of final products may
provide a misleading result if there are intermediate outputs produced, and whether these intermediate
outputs are waste, value added, or recycled.

8 © ISO 2014 - All rights reserved
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Once the relevant variables have been isolated, further modelling techniques can be used to determine
the precise nature of the relationship.

Practical Help Box 1: Defining and quantifying relevant variables

Organizations are often challenged to understand the magnitude of the relationship between variables and energy consumption. The
following describes a method to assess whether a variable significantly affects energy consumption.

First, it can be helpful to understand any trends in energy consumption and in potentially relevant variables. These can be plotted over
time in a trend chart. This will enable the organization to see evidence of seasonality or evidence of variables changing at similar times
as energy consumption. For example, if energy consumption is due to heating, the consumption will increase during the cooler winter

months. If the load is related to cooling, consumption will increase during the summer months, as shown in Figure 5.

After visibly assessing trends in energy consumption and variables, the organization can assess the significance of the relationship. To do

Figure 5 — Trend chart showing seasonality

© IS0 2014 - All rights reserved

this, the organization can plota variable against energy consumption using a simple X-Y diagram. If the variable is relevant, one expects
to see|evidence of a relationship in the scatter of points. If the points appear to be scattered around a mathematical functipn, shown as a
trend|line then this is indicative of the presence of relevant variables (see Figure 6 a) and b)).If the points appear as ajrandom cloud with
no evident relationship, the variable is likely not relevant (see Figure 6 c)).
In mahy cases, a simple linear relationship is adequate for determining relevance. Certain variables may show-nonlinear rglationships
and tlje organization will need to decide how to include those variables in the EnPI calculation.
When|a single relevant variable does not appear to significantly relate to energy consumption, the orgamization may use aymodel-based
EnPI, vith two or more relevant variables (see 4.3.3). Alternatively, the EnPI boundary could be divided,to isolate energy ¢onsumption
that ig significantly related to only one variable (see Annex B).
Certa]n relevant variables may exhibit co-linearity, where two or more independent variables,cefisistently change togethgr. To determine
this sjtuation, the organization can plot the variables using an X-Y diagram. If the organization determines that co-linearify exists, the
organfization should use the variable that has a greater impact on energy consumption andShould keep the other variablejas constant.
Wherg operating patterns and the values of relevant variables fluctuate significantlyritis important to ensure that the data being ana-
lysed for correlations are at the correct frequency to enable the effects of each variable'to be accurately observed.
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4.2.5 Defining and quantifying static factors

Factors affe
best conside
aroutinely d
that is a staf

[tis import3
established,

EnBs remain appropriate and to record any major changes that could affect energy performance.

Although st
if conditiond
or EnBs (sed

Figure 6 — Variables with differing levels of significance

cting energy performance often change in value. Factors should be'apalysed to see if the]
red as a relevant variable or as a static factor. For example, a manufacturing plant may
hanging production level that is a relevant variable and non-fgutinely changing produc
ic factor.

The organization should review these static factors,over time, to ensure that the EnPI

htic factors do not vary substantially betwegen the reporting period and the baseline pd

4.6).

y are
have
t mix

nt to record the condition of these static factors at the'time when EnPIs and EnBs are eing

5 and

riod,

change the static factors could change and the organization should maintain related EnPlIs

Practical Help

Box 2: Static factor changes that require;maintenance to related EnPIs or EnBs

It can be difficuyl
scenarios.

- Change in proj
they introduce

- Change in shi
may require mg

- Change in bui
increases or de

- Change in flo
maintenance.

t to understand when static factors require maintenance to related EnPIs or EnBs. The following describes a few he|

h new product, maintenance may be required for the new product type.

ts per day - A plant has a fixednumber of production shifts per day. If the number of shifts increases or decreases, t
intenance.

ding occupancy - A’building has a relatively stable number of occupants. If the number of occupants significantly
reases due to newyleases, then this may require maintenance.

r area - A builditig has a fixed size floor area. If the organization significantly expands the building, then this may r

duct type - A plant may have a consistent set of products that it produces. Product type would then be a static factor

pful

11S

quire

4.2.6 Gatlllering data

4.2.6.1 Data collection

An organization should specify the data to be collected for each EnPI and its corresponding EnB. Data
collection can happen at any point during the process. The source of energy should be specified together
with relevant variables. It is important to gather all data including static factors that will be used to

develop EnP

10

Is and the corresponding EnBs.
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Practical Help Box 3: Energy data collection challenges

Organizations can experience several data collection challenges. The following scenarios describe potential solutions to some of these
challenges.

- Lack of detailed metered data from energy suppliers - when an organization does not have detailed metered data from energy suppli-
ers, they may investigate additional metering options provided on their own or through their energy supplier.

- Lack of data on relevant variables - when an organization does not have data for a specific energy intensive production process, they
may add sensors to acquire this data.

- Incompatible data forms - when an organization’s energy data are in a different measurement frequency than the data for their other
factors, they may aggregate or disaggregate data to align them.

- Laclk of data for specific energy uses - when an organization’s energy data does not provide visibility to specific energy yses, they may
acquife sub-meters for those uses.

The prganization may determine that the significance of the energy use in an EnPVbourndary or the
oppdrtunity for improvement is sufficiently high to justify the expense of new)meters, |sub-meters,
and/pr sensors to measure other relevant variables. In such cases, the orgafiization will $pecify such
metdring in its monitoring, measurement, and analysis plan.

Wheh organizations use estimated values to calculate EnPIs and the eorresponding EnBs,|they should
docujment their assumptions and methods.

An ofganization may discover that some of the EnPIs that were(identified previously as sighificant may
not e measurable due to data limitations or other barriers. I this case, the organization jwill need to
assess, and consequently refine the EnPlIs or introduce additional meters or measurement fethods.

4.2.4.2 Measurement

Energy consumption is typically measured using’permanent meters or sub-meters or with temporary
metdring. Energy consumption should be measured and calculated by using data over a specific period
of tithe.

Wheh choosing EnPlIs, the organization should consider its existing measurement and| monitoring
capapilities. The organization should-take measurements for each energy value and relevant variable
necepsary to calculate the selected\EnPIs and the corresponding EnBs.

NOTH In many cases, the quantity of energy consumed needs to be measured indirectly. Thif can require
measuring a flow, volume grymass of fuel supplied and can vary with factors such as composifion, outdoor
tempprature, pressure and-other factors. Multipliers or factors are commonly applied to the actjial measured
flow pf gas or liquid fuel'to calculate the quantity of energy contained in the fuel.

Meagurements can-be taken on a spot basis (e.g. using mobile/portable meters), on a temjporary basis
(e.g. nsing dataloggers), or continuously (e.g. using data from a supervisory control and data acquisition
(SCAJDA) system or a data acquisition and handling system (DAHS)). Energy consumption gnd relevant
varigdbles used to calculate each EnPI should be measured at the same time and frequency. If continuous
meagurement is not possible, the organization should ensure that spot or temporary meas

made-durit

= U'U d d C 1 d V U Y P d Jd U U d U

All measurements should be accurate and repeatable and the corresponding meters calibrated. All
measured values should be validated.

4.2.6.3 Selecting data collection frequency

The data collection period can be longer than the baseline period and reporting period. Data collection
is performed periodically (e.g. hourly, daily, weekly). This is called data collection frequency.

The organization should select an adequate data collection frequency for each energy consumption
and relevant variable included in the EnPI and the corresponding EnB. The data collection period and
frequency should be sufficient to capture operating conditions and provide an adequate number of data
points for analysis.

© ISO 2014 - All rights reserved 11


https://standardsiso.com/api/?name=0ca786a8405ee0d6ac78ceee4dc3b140

ISO 50006:2014(E)

The data collection frequency may be much higher than the frequency of reporting in order to measure
and understand the impact of relevant variables on energy performance. For example, hourly, daily or
weekly data collection may be needed at the operational level to address significant deviations. Such
energy values and relevant variables may then be aggregated for monthly reviews at the organizational
level.

If new measurement systems are to be installed, the organization should consider the frequency of data

needed to meet its energy performance monitoring needs.

4.2.6.4 Ensuring data quality

Prior to cal ulating kEnPIs and corresponding knbs, the organization should review the set of meas

ured

energy valdes and relevant variables to determine the quality of the data. Faulty metering, fhulty
data capturg, or atypical operating conditions may produce significant outliers which mayneed to be
examined.

Practical Help|Box 4: Identifying and analysing outliers

It can be challefpging to identify and analyse outliers.

Typically, outlidrs can be identified from looking at a scatter diagram. This may be by reference to a trendine or function of the rel¢vant
variables, with fhe mean, standard deviation and standard error of the data being calculated. Data pointsin excess of a pre-determined
number of stanflard deviations from expected value of the trend line or function may be considered toybe outliers.

For example, anf annual plant shutdown results in a significant variation in energy consumptionthat appears as an outlier in a partifular
week of operatipn. Before excluding an outlier, investigations should be carried out to determing’if there is a legitimate reason for the
outlier, and if eycluding, reasons for this should be documented.

If some outlying measurements are excluded, care should be taken that this does not introduce bia§ into
the EnPI or gorresponding EnB.

Inaccuracie$ in measuring devices can undermine the validity of the data collected. The organization
should cons]der calibrating equipment periodically accerding to the manufacturer’s recommendatipn to
reduce the 1jisk of inaccurate data.

Measurement accuracy and the level of uncertainty should be taken into account when interpreting and
reporting on EnPIs.

4.3 Identifying energy performance indicators

4.3.1 Genpgral

When identifying an EnPI{the organization should understand its energy consumption characteristics
such as basq load (i.e. fixed-energy consumption) as well as variable loads due to production, occuppncy,
weather, or pther factors.

Organizatiohs define targets for energy performance as part of the energy planning process in [their
EnMS. Energy-performance targets should be characterized by EnPI values.

EnPIs should, when compared over time, allow an organization to determine if the energy performance
has changed and whether it is meeting its targets.

When selecting appropriate EnPIs, key factors to consider are the users of the information and their

needs.

The main types of EnPlIs are:

— measured energy value: consumption of an entire site or one or more energy uses measured by a
meter;

— ratio of measured values: expression of the energy efficiency;

12
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nonlinear regressions;

engineering simulations.

4.3.2

Identifying users of energy performance indicators

statistical model: relationship between energy consumption and relevant variables using linear or

engineering based model: relationship between energy consumption and relevant variables using

EnPIs should be easily understandable by their users. The type and complexity of the EnPI should be
adapted to the different end users’ needs. Multiple EnPIs may be required.

EnPI

1 1 1 1L . 1 de 1 h SN 1 b . 1l DL
Ldll UC UtTvTlUpTU 10U TIILCT IIdD U TALCTIIALD USTT S, TIILCT A USTT S Ly pPItdily UsStT LIIT'1

imprpvements in energy performance. External users typically use EnPls to meet

requ

rements derived from legal and other requirements.

5 to manage
information

Practfical Help Box 5: EnPI users

- Top
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EnMS

mana

its SE
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actio
degral
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evalu

tions.

It may

- Man

- Plan

formg

- Extd

be difficult to know who may gain value in an organization’s EnPIs. The following outline describes$some common

management - Responsibilities include to ensure that EnPls are appropriate to the organization, to consider energy
b term planning, to ensure that all legal and other external requirements are met and to epsure that results are mea
fed at determined intervals. Top management may use one or more EnPI(s) representing\the’whole organization.

to the top management. Management representative may use all of the EnPIs the{organization uses.

ber should understand both planned energy performance and any deviation ftom desired performance both in term

.

Fation and maintenance personnel - Responsible for using EnPIs to-céntrol and ensure efficient operation by taking
s for deviations in energy performance, eliminating waste and undertaking preventive maintenance to reduce ener

tion method. Process engineer may use complex EnPls’such as engineering models.

nce and in financial terms. Plant or facility managers may use all of the EnPls in their plant or facility including the H

fation. Operation and maintenance personnel may use the EnPls relevant to the process or equipment which they h4g
ity for

sers.

performance
ured and

agement representative - Works with an energy management team and is responsiblefor delivering measurable resplts within the

t or facility manager - Typically controls resources within the plant or facility;and is accountable for results. The plant or facility

b of energy per-
nPI regarding

orrective
by performance
ve responsibil-

ess engineer - Plan, execute and evaluate an energy performance improvement action using suitable EnPI for the adtion and its

rnal users - May include regulatory bodies, professional and sector associations, EnMS auditors, customers, or other organiza-

EnPI

4.3.3
The

5 can be established at various levels of the organization or facility.

Determining the specific energy performance characteristics to be quantified

prganization should/choose the type of EnPI to meet the user needs and the comp

application. Table 2-olitlines the various EnPI types as well as when an organization should

exity of the
choose each

type
Table 2 — Types and applications of EnPIs
EnPI type Useful for Examples Observation
Measured —Measur iug Teductions rabsotute —ETrer BY LUllbullllJLiUll (k'v‘v'h) for iig'luiug —boesmottakeimtoaccount the
energy value |use or consumption of energy effects of relevant variables, giving

- Meeting regulatory requirements
based on absolute savings

- Monitoring and control of energy
stocks and costs

- Understanding trends in energy
consumption

- Obtained when measurement of
energy consumption is given by a
meter, with or without a conversion
factor

- Fuel consumption (GJ) of boilers

- Electricity consumption (kWh) during
peak hours

- Peak demand (kW) in month

- Total energy savings (GJ) from energy
efficiency related programmes

misleading results for most applica-
tions

- Does not measure energy effi-
ciency

© IS0 2014 - All rights reserved

13


https://standardsiso.com/api/?name=0ca786a8405ee0d6ac78ceee4dc3b140

ISO 50006:2014(E)

Table 2 (continued)

EnPI type

Useful for

Examples

Observation

Ratio of meas-
ured values

- Monitoring energy efficiency of
systems that have only one relevant
variable

- Monitoring systems where there is
little or no base load

- Standardizing comparisons across
multiple facilities or organizations
(benchmarking)

- Meeting regulatory requirements

- kWh/tonne of production

- GJ/unit of product

- kWh/m?2 of floor space

- GJ/man-day

- litres of fuel per passenger kilometre
- Conversion efficiency of a boiler (%)

- Input energy/output energy (for

- Does not account for base load and
nonlinear energy use effects; will be
misleading for facilities with a large
base load

based on energy efficiency

- Understanding energy efficiency
trends

- Can express the energy efficiency of
a piece of equipment or a system

instance, “heat rate” in power generation
facilities)

- kWh/M] for cooling systems

kW/Nm3 for compressed air systems
- L/100km

- kWh/value-added in unit of currency

ables are numerous.

- Transient processes and /orsystems
involving dynamic feedback loops

- For systems with-interdependent
relevant variables (such as tempera-
ture and pressure)

- Estimating energy performance at a
design stage

- kWh/unit of sales
Statistical - System with several relevant vari- - Energy performance of a production - Formodels with multiple var{-
model ables facility with two or more product types |ables relationships can be diffi¢ult
. . . to determine and models can tgke
- Systgm with base load energy con- |- Energy performance of a facility having |¢ime to create and can be diffichilt to
sumption abase load ensure accuracy
- W_her(_e comparison requires nor- - Er_lergy performance of a hotel v_vith - May not be clear if any residupl
malization \t/arlabletoccupancy rate and putside error is due to modelling error pr
emperature
- Modelling complex systems where p lz_lck of control over energy congump-
the relationship between energy per- |- Relationship betweenthe energy con- | tion
formance an(_ithe-relevant variables sumption of a pump/fan‘and the flow rate | _ May be inaccurate if not confirmed
can be quantified; by statistical tests
- Organizational level energy perfor- - Requires a detailed system upder-
mance with several relevant variables standing to define the correct flinc-
- Ilustrates the relationship between tional form of relationship expgcted
energy consumption and relevant when data are not linear
variables - Models should be maintained|to
ensure valid results
Engineering - Evaluating energy performance - Industrial or power generation systems |- Models should be maintained|to
model from operational changes where vari- |where engineering calculations or simu- |ensure valid results

lations enable accounting for changes in
relevant variables and their interactions

- Model of the electricity consump-
tion of a chiller using the demand

for cooling, the outside temperature
(condensing temperature) and inside
temperature(evaporating temperature)

- Whole building models that account for
hours of operation, centralized versus
distributed HVAC systems, and varying
tenant needs

NOTE 2

NOTE 3

NOTE 4

NOTE 1 The type of EnPIs would also apply to the corresponding EnBs.

In the building environment, kWh/m2 of floor space is commonly used, but it is sub-optimal because floor space is rarely a
relevant variable for appliances and/or lighting. A better building EnPI for appliances and/or lighting would be kWh /occupant-hour.

In some cases, an organization might need to combine EnPIs into a single EnPI. For example, a factory with multiple activities
might need to submit a single EnPI value to meet a government programme requirement.

In some cases, an organization can present the performance of the statistical model EnPI type as a single EnPI. For example, an

organization would use an EnPI that shows the percentage performance between their expected consumption and actual consumption
of their entire operation. This single EnPI would enable the output of a statistical model to be consolidated into a single number that is
understandable by the organization.

NOTES5 Statistical and engineering models enable energy performance comparisons under equivalent conditions, even if there are
changes or relevant variables. Models generally describe the relationship between energy values and relevant variables in the baseline
period. Models are explained in more detail in Annex C.

Annex C provides supplemental information about selecting EnPlIs.
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Annex D provides information about normalization of EnPIs and corresponding EnBs.

4.4

441

Establishing energy baselines

General

The EnB is characterized by the value of the EnPI during the baseline period. A comparison between the
EnB and reporting period EnPIs can be used to illustrate progress towards meeting energy objectives
and energy targets and demonstrate improvements in energy performance.

The

4.4.2

Whe
ofth
that
are ]

The f
base
varis

etermine the specific purpose which the EnB will be used;

etermine a suitable data period;
ata collection;

etermine and test the EnB.

Determining a suitable baseline period

h establishing the EnBs the organization should determing a suitable data period in ¢
e nature of its operations. The baseline period and reporting period should be long enou

2 months long to account for seasonality in energy-consumption and relevant variable|

requency with which an organization acquires data is an important factor in determini
ine period. The baseline period should be af,sufficient duration to capture variations
bles, such as seasonality in production, weather patterns, etc.

nsideration
ch to ensure

[he variability in operating patterns are accounted for by the EnB and EnPI. Typically these periods

S.

hga suitable
in relevant

Pract]

ical Help Box 6: Typical baseline period to be considered

Typic

- One
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and is
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1 periods to be considered are:

year - The most common EnB duration is one year, likely due to alignment with energy management and business o
ucing energy consumption from a preyious year. One year also includes the full range of seasons and hence can capt
vant variables such as weather onfenergy use and consumption. It can also capture a full range of business operatin
ction may vary during the year dueto annual market demand patterns.

than one year - EnB duration ofless than one year can be suitable in cases where there is no seasonality in energy ¢
shorter operating period§.eapture a reasonable range of operating patterns. Short EnB durations may also be neces
n which there is an insufficient quantity of reliable, appropriate or available historical data (e.g. when changes to th
bs or processes make-only current data available).

e than one year < Seasonality and business trends can combine to make a multi-year EnB optimal. Specifically, custo|
eriods are usefulfor extremely short annual production cycles where a business manufactures products for a few m
relatively.doritant for the remainder of the year (e.g. a winery might want to track energy performance only during
rmentationperiod of each year, however over multiple years).

bcessary to prepare the data set of the EnB which should be compared to the EnPI within the reporting period. If an

wish

fomonitor EnPls every day even where a baseline period is one year, daily data are required for the EnB. In this ca

bjectives, such
re the impact
B cycles where

onsumption or
ary for situa-
P organization,

Im multi-year
pnths each year
the crushing

rganization
e, the EnB is

set foloUg year nfr‘ni]y data

Some organizations will develop a baseline using standard operating conditions, based on multi-
year data. For example, a commercial building may use average weather data for the past 40 years to
characterize typical operating conditions and apply this data to create an EnB.

NOTE In some cases, such as when a new facility is being constructed and there is no appropriate operating

history, it can be necessary to simulate, estimate or calculate the expected energy consumption for the new
facility to serve as the EnB.

4.4.3 Determining and testing energy baselines

To determine the EnB, the corresponding EnPI should be measured or calculated using the energy
consumption and relevant variable data from the baseline period. If appropriate, the EnB should be

© IS0 2014 - All rights reserved 15


https://standardsiso.com/api/?name=0ca786a8405ee0d6ac78ceee4dc3b140

ISO 50006:2014(E)

tested for validity to ensure that it is an appropriate reference for comparison. When models are
used, the validly of the EnB can be determined using statistical tests such as the P-Value, F-Test or the
coefficient of determination to determine if the statistical model has been best fitted from the data. If a
model is determined not to be valid, the organization should consider adjusting the EnB or determine a
new model, corresponding EnPI and EnB. The testing results should be recorded.

4.5 Using energy performance indicators and energy baselines

4.5.1 Determining when normalization is needed

Direct com,“c.risc*‘ of anaray conciianting, (ncn normalizad mathod) thVJCCH tha hacalina “'_‘l"iOd

T OT—CthtTrgy CoOmTo U pTIoTT TTOT IO I Z OO e Ttrroty A2 2aaEn=do AT T e e Ay =4

and the repprting period can only be accomplished if there are no significant changes to the,rel¢vant
variables.

In order to fompare energy performance between two periods under equivalent conditioris, the |[EnPI
and corresppnding EnB should be normalized using relevant variables as follows:

— in case|of a single significant relevant variable and small base load, a simple ratio of energy
consumpption divided by the relevant variable can be used (e.g. a specific efergy consumption};

U

— in case|of multiple relevant variables or a large base load, a model {describing the relatiopship
between the energy consumption and relevant variables is used.

Annex D prqvides information about normalizing EnPIs and EnBs using relevant variables.

Practical Help|Box 7: Evaluating comparative measures

Example: Electticity consumption at the site fell by 200 000 kWh/year between2008 and 2012.

Without additignal information about changes that occurred between 2008-and 2012, it would be difficult to determine whether prp
gress has been made towards meeting the organization’s goals and targets.

For example, if market demand required a change in the mix of produicts produced during 2011 and 2012, the drop in consumption ¢ited

above might or might not be related to improvements in energy performance. If the organization established improvement targets ased
on efficiency or|intensity or total consumption, excluding effects attributed to changes in product mix, then the direct comparison gf
results showing improvement might be misleading.

4.5.2 Calqulating energy performarce improvements

To assess changes in energy performance, organizations should quantify EnPIs during the repofting
period and ¢ompare these valuesto the corresponding EnBs. The organization also should comparje the
quantified energy performanceto its energy targets and take action.

There are many appreaches and techniques for organizations to calculate and express erergy
performancg.

Practical Help|Box 8:Calculating energy performance improvements

It can be difficulltfor,organizations to choose from the large number of approaches to measure energy performance improvement. Thhe
following apprdach€és are common

- EnPl difference: This is the difference between the baseline period EnPI value and the reporting period EnPI values. This could be illus-
trated in the following equation, where the baseline EnPI value is B, the reporting value is R:

Difference=R- B

- Percent change: This is the change in values from the baseline period to the reporting period, expressed as a percentage of the EnB
value. This could be illustrated in the following equation.

Percent change = [(R-B) / B] x 100
- Currentratio: This is a ratio of the reporting period value divided by the baseline period value.
Currentratio = (R/B)

These three common approaches can be used for all types of EnPIs and EnBs.
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3 Communicating changes in energy performance

the users. It should

shown or reported with the EnPIs, EnB and an energy target value.

For information on ways to monitor and report energy performance, see Annex E.

typically be

4.6 Maintaining and adjusting energy performance indicators and energy baselines

When changes to facilities, systems or processes occur, energy use, consumption, efficiency and
associated relevant variables may be impacted. The organization should ensure the current EnPlIs,

the
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orresponding bounddries and Enbs are SUll appropridate and efrective 1n measu

b adjustments to the EnB.
e are several tests for determining whether the EnPl and EnB are still approptiate or val

q

yithin a valid statistical range (used with statistical models);

i
performance under equivalent conditions including major production processes adde
ind major production changes like changes to the number of\production shifts.

q

e EnB values are no longer valid, then adjustments fox:calculating energy performan
made. The baseline period can be adjusted (e.g. shifted to a different time period
rmance can be calculated without changing the baseline period, using several method

sing energy data from the reporting period.te develop a statistical model, and then
erformance using the actual baseline dataj\one this approach is sometimes called bac

sing energy data based on standard conditions to develop a statistical model and thef
erformance with the actual energy,and relevant variable data from the baseline ar
eriod.

binations of these approachesican also be used. These methods are important to allow of
rgoing a significant amount of change to keep from constantly adjusting their baseline

rmance. If they are no longer appropriate, the organization should change or develop™

omparing the baseline values of relevant variables to reporting period ¢enditions to sq

dentifying any major changes in static factors which could invalidate the calculatig
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ical Help Box 9: Examples of EnPI and EnB changes
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llowing are relatively,common changes an organization may anticipate.

c factor changes = if a)static factor (see 4.2.5) changes, the related EnB may require adjustment. In some cases, it mg
elop a new EnPland-EnB. Statistical tests may prove whether an organization chooses to develop a new EnB or EnP]

gy use change s When an organization makes a fundamental change to the forms of energy it is using, it may need td
d (EnPIs) and’how those factors are weighted in its EnB.

availability - Improvements to the facility’s metering and data collection system may result in better quality data b}
I pew Felevant variables coming to light. Changes to EnPls and EnBs may then be desirable.

y be necessary

modify what is

lecoming avail-

- Dat

- Target changes - Organizations may wish to update the EnB period in order to lock in accomplishments to date and focus on improving
against the current energy performance instead of a past period. A strategic decision of such a nature would necessitate the updating of
the EnB to a recent period (such as the last year) to serve as the new reference point.

- Using a predetermined method - The organization may find it useful to identify conditions in advance that may require a change to the
EnPIs or an adjustment to EnBs. The organization should also predetermine the rules and methods that will be used (see 3.1, Note 3 to
entry).

- Management review - One of the inputs to management review is the review of EnPIs. Therefore, an output of the review could be a
change to EnPlIs.

c e 1 1 P 3 13 c 1 13 1 P
frequency = tata are cotectet at MoT e Teguldar TIIteT varls OT at a NIgITET {TEquenTy, tTs Coult enapIie Mot e effective management
with a new EnPl and EnB.

The organization should record and regularly review the method for determining and updating the
EnPIs and corresponding EnBs.
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Annex A
(informative)

Information generated through the energy review to identify
EnPIs and establish EnBs

amiracan anarav rauvianw ta bha nndartalran Tahla A nracante furthar datailc A AcHivit
ISO 50001 rpguires-an-energyreview-to-be-undertaken—table-A-l presentsfurther-detalls-onactiyities
resulting from the energy review.
Table A.1 — Examples of energy review activities
Energy review| Typical activities resulting from the energyreview
a) analyse enerjgy use, al) identify current energy sources - Create alist: energy sources and energy values (consumption,
efficiency and donsumption peak power, etc.)
based on measyrement and
other data a2) evaluate pastand presentenergy |- Create energy value trend chartsby use (purpose)
use and consumption
- Create energy value trend charts by source of energy
b) based on thganalysis of |bl) identify the facilities, equipment, |- Create a list: facilities;equipment, systems, processes
energy use, effifiency and systems, processes and personnel . g .
consumption, identify the |working for, or on behalf of, the organi- |~ Add personnel infogmation to this list
areas of SEU zation that signifigantly affectenergy |. add energy valié\to this list
use and consumption
- Add SEU candidate information to this list
b2) identify other relevant variables - Identifynrelevant variables affecting energy value (see 4.2.8,
affecting SEUs defingtand quantify relevant variables)
b3) determine the current energy -_Create a list: management purpose in each management leyel
performance of facilities, equipment, and prioritize (see 4.3.1)
systems and processes related to iden< .
tified SEUs - Set EnPI boundaries (see 4.2.2)
- Identify EnPls in each EnPI boundaries (see 4.3)
- Establish EnBs corresponding EnPIs (see 4.4)
b4) estimate future energy use and - Estimate energy value using the trend chart
consumption . . . .
- Estimate energy value using EnB model in case of using mddel-
based EnPI (see Annex C)
c) identify, priqritize and - Examine energy performance improvement actions (EPIA){and
record opportuhities for create a list
improvement irf ener
pel?formance &y - Add target EnPI value (or measure) to this list
- Estimate investment roughly
- Prioritize opportunities based on investment return
- Develop an implementation plan and maintain records
18 © ISO 2014 - All rights reserved
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Annex B
(informative)

EnPI boundaries in an example production process

In the process of energy performance improvement, it is important to find the most inefficient portion in
the production system. An EnPI boundary can be used effectively to focus on this portion by narrowing
the houndary. As a first step, the EnPI boundary is the entire factory. For the entire fagtgry, the data
points appear as arandom cloud, as in X-Y diagram in Figure 6. In such cases, the target beurdary should
be divided into several EnPI boundaries. As next steps, the EnPI boundaries should be'narrpwed on the
SEU pf the production system to find a specific area for the energy efficiency imprevement. Figure B.1
shows the EnPI boundary division process.

———————————————— NS EnMS boundary
|

1
EnPI boundary

I (Entire)

% EnPI boundary (#1 Entire

t— EnPI boundary (#1-1 SEU facility)

|
+— EnPI boundary (#1-2 Other)

I’ L EnPl boundary (#1 Entire)
SEU I EnPI boundary (#1-1 SEU facility)
3rd : i EnPI boundary (#1-1-1 SEU equipment)
|

equipment -
Step — i EnPI boundary (#1-1 -2 SEU other equipment
1 EnPI boundary (#1-2 Other)
T — 7
Figure B.1 — EnPI boundaries division process
EnPllbétundaries-divisioncounldbe performed-asfolows:

a) the number of divisions should be minimized;
b) itis first recommended that the boundary be divided into two parts such as SEU and other;
c) facilities that work in the same way should be categorized together;

d) the facility should be divided into some parts (e.g. facilities for product X, facilities for product Y,
utility facilities);

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

With the above procedures, the energy characteristics of the organization can be modelled easily. This
method divides a boundary into sub-boundaries and models them according to their status. This method
is easier than analysing all data and creating a nonlinear regression model. Results applying to well-
defined sub-boundaries may also be easier to interpret.
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Annex C
(informative)

Further guidance on energy performance indicators and energy

baselines

C1

C.1.]

Organizations may choose the absolute energy savings as the energy target. ln.such cases

be ad
dired
ware

C.1.7

Organizations that operate many facilities of a similar use may use ratio to compare fac

perfq

C.1.3
Mod
appe
theo
varig

Mod{

C.2
Tabld

Practical guide to EnPIs and EnBs

| Measured energy value

justed to calculate energy savings at equivalent condition. If equivalenticonditions are
t comparison of EnB with EnPI can be performed (e.g. retrofit co6ling system in a
house)

P Ratio of measured value

rmance across multiple facilities and/or benchmark against competitors or industry §

b Model-based EnPI

ls can be derived through linear regression, nonlinear regression (e.g. nonlinear r
ar in fans or pumps), or can be constructed using engineering based theory. Enging
'y can be applied where complex relationships exist between energy consumption 4
bles that cannot be accurately captuted with regression.

Examples of EnPltypes and application

b C.1 provides deSeriptions about EnPI types, as well as examples of their applications.

EnB should
guaranteed,
refrigerated

ility energy
tandards.

elationships
ering based
nd relevant

bl-based EnPlsare usefulalso for éxamination and evaluation ofan energy performance ijnprovement
action (see EnPI level 2.1.1.1 in Table'C.2 - normalized for air humidity).
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Table C.1 — Examples of EnPI types and applications

Item Example 1 Example 2 Example 3 Example 4
Measured energy value | Ratio of measured value |Statistical model Engineering model

Company type - Pulp and paper com- - Steel company - Hotel company - University campus
pany

Process - Steam generation - Electric arc furnace - Heating by oil boiler - Heating and cooling

Intention - Eliminate oil use to - Achieve world class SEC |- Decrease utility cost - Achieve sustainability
cut cost and remain in business targets

Improvement - Increase energy effi- |- Many improvement - Boiler operator training - Controls and insulation

action ciency of boiler actions

EnPland corre{ |- Oil consumption (kl/ |- SEC (kWh/ton) - Energy efficiency (L/ - kW/person

ding EnB th d -d
sponding En month) egree-day) - KWh/year
Target - EnPI =0 (kl/month) - Reduce SEC 2 % peryear |- Improve energy efficiency |- Model target is20 % r¢duc-
and achieve world classby |5 % tion, analyseéd’'monthly dfter
4 years. adjustnients.

Note - The company does not - This hotel set energy cost to |- Modelworks with all the
care about outdoor tem- EnPI at first. However, energy |wariables related to the meas-
perature and production performance improvement ures being included.
change action’s effect could not be

confirmed. Because unit ptice
of oil was up and average.tem-
perature in baseline‘périod
was high. Thus this company
decided to use énergy effi-
ciency as EnRI

C.3 Case|study

An organization produces two lines of products: A and\B:

After completing a thorough energy review of itssmanufacturing facility, the organization’s erergy
management team draws the following conclusions:

— the facility uses electricity, purchased from an external supplier, as the only source of energy;
— the production rate (run-rate) of éach production line can be varied from zero to 100 %;
— the output of each productiomline is measured independently in kg;

— SEC (enprgy consumptign per kg) of line B is 10 times higher than that of line A and produftion
volume [of each line isalmiost the same;

— raw material quality varies;

— there is|a project scheduled to upgrade all of the motors on production line A.

The differentfunctions within the organization include a business/marketing manager, the facillities
operations manager, the accounting department, the production line A engineer and the production
line B engineer, as well as the operating technicians for each line. The energy management team holds
discussions with each of these functions, and based on these discussions, the team determines that,
because of the multi-level nature of the organization, with each level having specific responsibility for
energy performance at its own level and sphere of control, a tiered set of EnPIs should be established in
order to provide the organization with the information it needs to effectively manage and improve energy
performance. Each functional group will require different levels of information to meet management
requirements and to respond to specific energy management questions. Since two production lines have
quite different SEC, they select energy consumption per value of production (energy intensity) as the
facility level EnPI.

The team then collects time-series data at the facility level and production line level for energy
consumption, energy costs, raw material quality and quantity, production for each line, and weather
conditions. The team uses the collected data to model the facility and two production lines. Through
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analysis of the data and model, the team determines that there is a correlation between changes in some
of the variables and energy consumption. The team identifies the following as the relevant variables:
production quantity, production rate, product mix and air humidity.

Data analysis in this case, indicates that raw material quality does not cause a significant change in
energy consumption. The team establishes the EnPlIs in a hierarchy presented in Table C.2, with higher
level EnPIs (e.g. 1.1) geared toward higher level information requirements, with more specific EnPIs (e.g.
2.1.1.1) aimed at line engineers and technicians. The energy management team refers the Table C.2 to
guide the use and purpose of the EnPIs.

Table C.2 — Use and purpose of EnPls

EnPlI Jevels Purpose/Need EnPI Type EnPI users

1 Fac|lity business level EnPls

1.1 F4cility level energy consumption (kWh/ |- Total production cost Measured energy value |-.Top managerhent
day) control .
-) The accountipg department
- Budgeting .
- Business leaders
- Budget managers
1.1.1 Facility level energy consumption per - Total energy efficiency Ratio of measured values |- Facility deciJion makers
volune of production (kWh/US$) control

Marketing mpnager
- Evaluate the effect the
improvement action

Sales department

Manufacturihg manager
- Business mapager

Facilities owher

2 Productline A EnPIs

2.1 Line A energy consumption (kWh/day) - Total productien cost con- |Measured energy value |- Plant A engineer
trol of line A EnPI .
- Budgeting mpnager
- Budgeting .
- Accounting department
2.1.1 Line A energy consumption per kg of -~Energy efficiency control Ratio of measured values |- Marketing mhnager
prodyct output (kWh/kg) ofline A

Sales departinent
- Evaluate EPIA effect

Business manager
- Plant A engineer
- Budgeting mpnager

- Accounting department

2.1.1.1 Line A energy conStumption per kg of - Evaluate air humidity effect | Ratio of measured values |- Plant A enginjeer

prodyct output (kWh/Kg)“~normalized for air . .

humidity a - Plant A operdting techni-
cians

2.1.1.2 Line A-energy consumption per kg of - Evaluate run-rate effect Ratio of measured values | Same as 2.1.1.1

prodyct outpitt(kWh/kg) - normalized for

run-rate

2.1.1.21 ¥ine A energy consumption per kg of [- Evaluate run-rate and air Ratio of measured values|Same as2.1.1.1

product output (kWh/kg) - normalized for air |humidity effect
humidity and run-rate

3 Productline B EnPIs (same as line A)

Repeated for Line B | |

a  “Normalized for air humidity” means additional normalization by air-humidity for normalized SEC by product output. If
air-humidity and SEC have proportional relation, normalized SEC can be calculated. Run-rate can be normalized in the same
way (Normalized SEC = SEC x Air humidity / reference Air humidity).
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Annex D
(informative)

Normalizing energy baselines using relevant variables

D.1 Concept of normalization

Normalizatilon is a term that is used broadly and can have substantially different meanings in diff

fields and aj
energy cong
under equiy
normalize d
calculating §

The dotted
the EnPI th

variables dyring the baseline period are used to develop the model.<Phe dashed line shows a

energy cong
the baseling

NOTE
lay exactly of

The model c
during futuy
By compari
improveme
or expected
an organiz

a
predicted ellfergy consumption shows what energy would have been consumed in the reporting p

had there b4

ralent conditions. Typically, statistical methods such as linear regression are usg

energy performance using normalized EnPls and EnBs is illustrated in Figure D.1.

The predicted and actual values of energy consumption during the baseline period will typical

)

plications. In this context, normalization is being used to describe the process ef'mode
umption data with respect to relevant variables in order to compare energy;petform

r model energy consumption with respect to relevant variables. The general conce

line in Figure D.1 shows values of energy consumption based ‘en’ a statistical mod
it normalizes consumption with respect to relevant variables~Fhe values of the relq

umption. If the statistical model is developed properly, then the values of the EnPI d
period, or EnB, will predict the actual consumption during the baseline period accur

top of each other, as shown in Figure D.1.

an also be used to predict future energy consimption. Using the values of relevant vari
e time periods in the model will give predicted or estimated values for energy consumf
g predicted energy consumption withsdctual energy consumption, the energy perform
tcanbecalculated. The difference between the actual energy consumption and the pred
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Figure D.1 — Calculating energy performance using normalization

D.2 | Examples of normalization calculation

The [EnPI quantifies the mathematical relationship between energy consumption and the relevant
varigbles. Using linear regression, an example relationship may be as follows:

Hnergy consumption (kWh) = A-+ B x Product A+ Cx T

whertte

A is a fixed energy consumption (base-load) (kWh);

B istheenergy consumption per unit of product A (kWh/unit);

Product A is the production volume of product A (unit/month);

C is the energy consumption per degree of monthly temperature per week (kWh/°C);
T is the average monthly temperature (°C).

The factors A, B and C will be derived from statistical modelling methods used to develop the linear
regression.

This relationship should also meet statistical tests. Examples of the test are coefficient of determination
(R2), coefficient of variation (CV) and F-test.

The independent or relevant variables used in the equation should also be statistically significant in
explaining the variation in energy consumption. For assessing statistical significance, each variable will
need to meet a certain p-value.
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If the model is not statistically sound then it may need to be explored:

a) relevantvariables may be missing;

b) eliminating data outliers;

c) change data aggregation period (i.e. hourly, vs, daily, vs. monthly, etc.).

Typically, the model for energy consumption would be developed using values of the relevant variables
during the baseline period.

NOTE Other time periods between and including the baseline and reporting periods can be utilized to develop
the regressiofi model. THis 15 a more advanced topic.

To calculate] energy performance, the values of the relevant variables during the reporting period will
be utilized ih the above equation to calculate expected or predicted energy consumption and.compared
to the actual energy consumption, as illustrated below:

Energy ¢onsumptiong (kWh) = A + B x Product Ag + C x TR

where

Energy conqumptiong is the predicted energy consumption during the reporting period

A, B and C values are developed from the linear regression analysis;

Product AR are the measured value of production velume during the reporting period;

Tr is the measured value for average monthly temperature during the reporting
period.

The concept of the above calculation process is ilustrated in Figure D.2.
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