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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
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e [SO list of patent declarations received (see www.iso.org/patents);

frade name used in this document is information given for the-éonvenience of users gnd does not
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]l as information about ISO’s adherence to the World-Trade Organization (WTO) pringiples in the
hical Barriers to Trade (TBT) see the following URLiZwww.iso.org/iso/foreword.html.
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Introduction

This International Standard describes approaches for determining energy savings based on one of the
following two approaches:

a)

organization, as measured within the organizational boundaries;

an organization-based approach, i.e. a change in the amount of energy consumed by the

b) an EPIA-based approach, i.e. aggregating energy savings from energy performance improvement

actions

Both appro4
in a baselin
between thd

This Internd

the use

method
method

The flowchd
Standard.

This Intern

the determination and reporting of energy savings in projects, organizations and regions set o

[SO 17743, ¢
verification

(EPIAs) measured within the organizational boundaries.

ilches compare energy consumption for a defined period of time, the energy consumption

e period and a reporting period of equivalent length. Guidance is given on reconeiliption
two approaches.

tional Standard also considers the following in the context of energy savings:

of primary and delivered energy;

s for normalizing energy consumption;

s for aggregating energy savings from different types of enepgy:

rt in Annex A shows the process for determining energy savings using this International
htional Standard is designed to be broadly consistent with the overall framework for

is well as with the principles and guidelines-given in ISO 50015 on the measuremen
of energy performance of organizations.

ut in
F and

Vi
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INTERNATIONAL STANDARD ISO 50047:2016(E)

Energy savings — Determination of energy savings in
organizations

1 Scope

This International Standard describes approaches for the determination of energy savings in
orgaizations Tt tam be used by att OTrgarniZations, Wiether or ot they trave air energy anagement

systdm, such as ISO 50001.

This|International Standard addresses the following topics in the context of energy savings:
— ¢stablishing the purpose of determining energy savings;
— dletermining boundaries;

— ¢nergy accounting, including primary and delivered energy and theuse of common engrgy units;
— gelecting an approach for the determination of energy savings;

— ¢stablishing an energy baseline;

— Iormalization of energy consumption;
etermination of energy savings;
— Tteporting and other matters.

Specijfic methods for the measurement and Verification of energy performance and its imprpvement are
outside the scope of this International Standard.

NOTH ISO 50015 establishes general principles and guidelines for the process of measpirement and
verification of energy performance.of\an organization or its components.

2 Normative references

Therge are no normative‘references.

3 Terms and definitions

3.1
basdlineperiod

defi adhariod of tima calactad
e pe o e o+t HRE-SEeetea

cthaorafaranca forthao datarmination ~f Ao
A s e e A A s a2 s e e e s e e o oy TCTOTT O C1ttr

3.2
boundary
physical or site limit and/or organizational limit as defined by the organization (3.16)

Note 1 to entry: The boundaries of the organization could be different from the boundaries used for the
determination of energy savings.

Note 2 to entry: The determination of energy savings can include one or more boundaries, e.g. of one or more
energy performance improvement actions (3.10), or of parts of the organization.

EXAMPLE Equipment; a system; a process; a group of processes; a room; a building; a site; an entire
organization; multiple sites under the control of an organization.

© IS0 2016 - All rights reserved 1
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[SOURCE: ISO 50001:2011, 3.1, modified — The term has been changed from the plural (“boundaries”)
to the singular (“boundary”) and the definition has been modified accordingly; Notes 1 and 2 to entry

have been added and additional examples have been included.]

3.3
delivered e
energy (3.5)

nergy
arriving at the boundaries (3.2) of an organization (3.16)

Note 1 to entry: Delivered energy includes primary energy (3.17) produced (e.g. oil from a well) or renewable

energy generated onsite (e.g. electricity from photovoltaic panels).

3.4

double coupting

summing the individual energy savings from two or more energy performance improvement adtions
(3.10) when|they influence the energy consumption (3.8) of each other either positively or negatively
Note 1 to enfry: In cases where there are interactive effects between the energy performance improvgment
actions (EPIAs), the energy savings due to the combined effect of these EPIAs may be diffefent from the sphm of
the energy sqvings from the individual EPI1As.

3.5

energy

electricity, fuels, steam, heat, compressed air, and other like media

Note 1 to enfry: For the purposes of this International Standard, energy réfers to the various types of enjergy,
including renewable, which can be purchased, stored, treated, used in eqliipment or in a process, or recoveiled.
Note 2 to entfy: In other contexts, energy can be defined as the capag€ity of a system to produce external acfivity
or perform work.

Note 3 to entfy: Examples of other like media include hot water, and intermediate products or by-products| such
as biogas or doke oven gas.

[SOURCE: I§O 50001:2011, 3.5, modified — Notes 1 and 2 to entry have been modified and Notq 3 to
entry has bgen added.]

3.6

energy accounting

system of rjles, methods, techniques and conventions used to measure, analyse and report energy
consumption (3.8)

3.7

energy basgline

quantitativg reference(s)-providing a basis for comparison of energy performance (3.9)

Note 1 to entfy: An émergy baseline usually reflects a specified period of time.

Note 2 to entf'yi-An energy baseline can be normalized using relevant variables (3.18) lmpactlng energy use (3.11)
and/or energ_’ bUllQMlll[JLlUn LJ 8), T 6 })l udu\.uuu }L«V\—l, d\fsl CC da_yo \_UuLdUUl Lblll}J\.«l GLUI \fJ

[SOURCE: ISO 50001:2011, 3.6, modified — Note 2 to entry has been modified and the original Note 3 to
entry has been deleted.]

3.8

energy consumption
quantity of energy (3.5) applied

[SOURCE: IS

050001:2011, 3.7]

© ISO 2016 - All rights reserved
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3.9
energy performance
measurable results related to energy efficiency, energy use (3.11) and energy consumption (3.8)

Note 1 to entry: In this International Standard, energy performance generally refers to energy consumption only.

[SOURCE: ISO 50001:2011, 3.12, modified — The original Notes 1 and 2 to entry have been deleted
because they were specific to energy management, and a new Note 1 entry has been added.]

3.10

energy performance improvement action
EPIA
action or measure or group of actions or measures implemented or planned within af~prganization
(3.14) intended to achieve energy performance improvement through technological, ‘'managerial or
operftional, behavioural, economic, or other changes

[SOURCE: I1SO 50015:2014, 3.5, modified — The word “economical” has been replaced by “economic”.]

3.11
enerjgy use
manfer or kind of application of energy (3.5)

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

3.12
enerjgy using system
physical items with defined boundaries (3.2) using energy (3.5)

EXANMPLE Facility; building; part of a building;wmachine; equipment; product.

[SOURCE: ISO/IEC 13273-1:2015, 3.1.9, modified — The word “system” has been deleted ffom “system
bourldaries”.]

3.13
indirect energy effect
effedt on organizational energy performance (3.9) beyond the direct effect of an individual energy
perfdrmance improvement action (3.10)

[SOURCE: ISO 50015:2014, 3.3, modified — The words “the energy performance improvement action”
have| been replaced\by “an individual energy performance improvement action” and the original
exanpple has been’deleted.]

3.14
non-routine adjustment
adjugtment made to the energy baseline (3.7) to account for unusual changes in relevant varfiables (3.18)

or stqtic/factors (3.20), outside the changes accounted for by normalization (3.15)

Note 1 to entry: Non-routine adjustments may apply where the energy baseline no longer reflects energy use
(3.11) or energy consumption (3.8) patterns, or there have been major changes to the process, operational
patterns, or energy using systems (3.12).

Note 2 to entry: For routine adjustments, normalization is used.

Note 3 to entry: Non-routine adjustments are needed when a change in static factors occurs after the baseline
period (3.1).

[SOURCE: ISO 50015:2014, 3.16 modified — The words “routine adjustment” have been replaced by
“normalization” in the definition and Notes 2 and 3 to entry have been added.]

© IS0 2016 - All rights reserved 3


https://standardsiso.com/api/?name=6a26fba554d7bb79d5f434f1885291cb

ISO 50047:2016(E)

3.15

normalization

process of routinely modifying energy data in order to account for changes in relevant variables (3.18)
to compare energy performance (3.9) under equivalent conditions

[SOURCE: ISO 50006:2014, 3.13, modified — Note 1 to entry has been deleted.]

3.16

organization

company, corporation, firm, enterprise, authority or institution, or part or combination thereof, whether
incorporated or not, public or private, that has its own functions and administration and that has the

authority toreonrttrotHts cirergytse (311) atret cirergy (.uuouluytl.uu (38)

Note 1 to entfy: An organization can be a person or a group of people.
[SOURCE: IS0 50001:2011, 3.22, modified — The word “energy” has been added before ¢onsumptjon”.]

3.17
primary energy
energy (3.5)|that has not been subjected to any conversion or transformation proeess

Note 1 to entfy: Primary energy can be either a non-renewable or a renewable energy, or a combination of Hoth.

[SOURCE: ISO/IEC 13273-1:2015, 3.1.6, modified — The words “energy conversion” have been replaced
by “any conyersion or transformation process”.]

3.18
relevant variable
quantifiablg factor that impacts energy performance (3.9) and routinely changes

EXAMPLE Production parameters (production volume,” production rate); weather conditions (oufdoor
temperature)degree days); operating hours; operating payameters (operational temperature, light level).

[SOURCE: IS0 50006:2014, 3.14]

3.19
reporting period
defined perjod of time selected for the determination of energy savings

3.20
static factor
identified factor that impaetsiénergy performance (3.9) and does not routinely change

EXAMPLE 1 | A static fagtor can be a change in energy using systems (3.12) (design of installed equipment, fange
of products, building),<ona change in organization (e.g. outsourcing or insourcing of activities, sale of subsidiary
companies) or a change in the number or type of building occupants (e.g. office workers).

EXAMPLE 2 | (A change of a static factor could be a change in a manufacturing process raw material,|from
aluminium tdpldstic

EXAMPLE 3  Changes to operational patterns, such as the number of weekly production shifts, or the number
of working days in a supermarket chain.

[SOURCE: IS0 50006:2014, 3.17, modified — Example 1 has been modified and Example 3 has been added.]
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Preliminary considerations and boundaries

Preliminary considerations

Before determining energy savings, the organization should establish:

4.2

the objective of determining energy savings, e.g.
— for compliance purposes;

— for use in annual reporting;

1+ to form part of an energy management system, such as ISO 50001;
1+ to calculate the financial return of energy performance improvement actions (EPI4
the organization for which energy savings are being determined;

the parties responsible for the determination of energy savings, their roles and their
yvith the organization;

the parties who will receive the results;

3 summary of the type of data to be used, including their petiodicity and the intervals fo
gre to be collected and analysed.

Approaches to determining energy savings

4.2.1 Two approaches to determining energy savings

Ther are two approaches to determining energy savings:

a)

b)

The

dn organization-based approach: the change in the total energy consumption of the org
iits constituent parts (a form of “top*down” approach);

gn EPIA-based approach: aggregating energy savings from identified EPIAs (sometime
3s being a “bottom up” approach).

rhoice between thes€ two approaches may depend on the objective of determining eng

or hqw the boundaries\ate identified.

4.2.2 Organizdtion-based approach

The

rganizatien-based approach is commonly used in the following cases:

\s);

relationship

r which they

anization or

b referred to

rgy savings,

with respect

3or periodic reporting of the energy savings of an organization within its boundaries ¥
olegal or other requirements;

— for assessing the energy savings of an organization as a part of an energy management system.

Dividing an organization into constituent parts may be a useful tool in the organization-based approach
if the energy consumption of each can be analysed separately.

EXAMPLE1 An organization consists of three departments: manufacturing, transportation
determines the energy savings of each individual department and then sums the energy savings from those
parts, i.e. by using an organization-based approach. However, if the three departments cooperate by introducing
EPIAs to reduce empty return trips, waiting times, total annual drive mileage, etc. by optimizing manufacturing
schedule, sales planning, vehicle routeing, etc., it might also be possible to determine energy savings by summing
the individual EPIAs (an EPIA-based approach).

© ISO 2016 - All rights reserved
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The division of an organization into its constituent parts may be based on the following considerations:

a) based on physical items: the division is based on energy using systems whose performance is
separately analysed and for each of which separate energy savings targets are set;

EXAMPLE 2 An integrated consumer products manufacturer might divide the organization into
each of its manufacturing facilities and a building in which the corporate office is located.

EXAMPLE 3 An organization which manufactures washing machines in one plant or plants and
semiconductors in another plant or plants might be divided on the basis of product types.

NOTE An organization can use a single facility to make multiple products or multiple facilities to make
differen PT oducts:

b) based on organizational requirements: the division is based on business units whose performance
is separftely analysed and for each of which separate energy savings targets are set;

c) based on sites: the division is based on geographical locations for each of which performarice is
analysed and separate energy savings targets are set.

EXAMPIE 4 An organization which makes fertilizers might be divided on the basis ¢f its
manufadturing sites.

If an organization is divided into its constituent parts in order to determine energy savings, the regsons
for the divisiion should be documented.

4.2.3 EPIA-based approach

An EPIA-baged approach is commonly used to determine the effect of one or more EPIAs on the erjergy
savings of the organization. The organization should include all EPIAs that positively or negatively
impact enefgy performance within the organizational’boundaries. EPIAs may include operatjonal
and capital Improvement actions. The organizationmay seek to identify all actions that impact energy
performanck, whether or not they were initially.intended to be an EPIA.

It is not always cost effective to measure energy savings from each individual EPIA. In such dases,
energy savings from a representative sample may be used. The organization should document:

— the reajons why the sampling method is used;

— the reajons why the sample {s'representative of the variation in energy consumption;
— the method used to extrapolate results from the sample EPIAs to all EPIAs.

Sampling may be carriedout by the following methods:

a) in atemporal sénse (time), e.g. metering occurring for part of the time;

b) in a phyjsicalsense (see example 2 below).

EXAMPLE1 In an organization with many employees, an effective approach to measuring the energy savings
from behavioural measures (such as campaigns designed to get employees to switch off lights or computers when
not in use) might be to use a sample of employees.

EXAMPLE 2 It might not be cost effective to monitor energy savings (e.g. by installing additional metering)
from all machines when a substantial number of similar machines are upgraded. In this case, a sample of a
smaller number of machines might be taken. If the data from the sample are found to be representative, the
energy savings can be extrapolated to arrive at the total energy savings.

NOTE The determination of energy savings through projects within an organization is addressed by other
standards.

More information about how to reconcile between the two approaches is included in Annex B.

6 © IS0 2016 - All rights reserved
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4.3 Determining the boundaries

The organization should select boundaries appropriate to the purpose of determining energy savings.
The boundaries can be for the entire organization or some of its constituent parts.

EXAMPLE 1

A single building; a university campus or shopping centre; all the operations within a single

manufacturing plant or process; all buildings owned by a public authority within an administrative district; all
the buses operated by a transit authority.

However, the boundaries of the energy savings determination can be different from those of the
organization, e.g. in the following cases:

It m3

yhere energy is stored within the organization boundaries;

Where energy is exported across the organization boundaries;

here primary energy is generated on site;

Yhere goods or people are transported by or on behalf of the organizatien;

yhere transportation energy is used by employees when undertaking work for the (
e.g. salesmen or consultants travelling to customers’ premises);

yhere suppliers manufacture components or provide services{and inclusion is mandate

orgahization wishes to determine energy savings from gperations in several locations, ez
mantyifactures components of a single final product orrservice and the components are
between the plants.

EXANPLE 2
but t

Company level energy used by a car-manufacturer where the cars are assembled in
he engines and transmission units are manufactured in another country. In this case, the t

energy consumption will exceed the sum of thesenergy consumed by the factories in the two countr
energy consumed in transportation.

Spec

fying the boundaries in an orgahization-based approach can sometimes be easier thaf

basefl approach.

Organizations often seek to determine total energy savings across the organization by us
basef approach. In this case, it may be useful to define boundaries which are specific for ea
boundary of one EPIA nmray-overlap with that of another EPIA.

Figu

distribution and §al€s, and a head office.

Figure \a)'shows the physical boundaries of the organization. There are three factof
4n offiee building and a utility building containing a combined heat and power (CHP)

rganization

d externally.

y be necessary to establish multiple boundaries if they.can be well-defined. For examp|le, where an

ch of which
transported

one country,
tal company
ies due to the

1 in an EPIA-

ng an EPIA-
th EPIA. The

e 1 illustrates™an organization which consists of three divisions: production (manufacturing),

y buildings,
plant. Each
rganization-

Ehysical building could also be used as boundaries for determining energy savings, an o
ased approach

Figure 1 b) shows boundaries of the organization based on business units: the head

office, with

separate sales, distribution and production divisions. It determines the energy savings of each
individual business unit and then sums the energy savings from those constituent parts, which is

also an organization-based approach.

Figure 1 c) shows boundaries based on EPIAs undertaken by the organization:

reduces steam load on the CHP plant;

EPIA 2 increases the power generation from the CHP plant, leading to lower
electricity imported from the grid;

© ISO 2016 - All rights reserved
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EPIA 3 is improvement of a production line (an energy using system) in building 5 only.

The boundary of EPIA 1 overlaps with that of EPIA 2. Moreover, the total area of EPIA boundaries
is smaller than the whole organization, as none of the EPIAs have affected energy consumption in
the head office or sales divisions (based in building 1) or the distribution division (based in the
warehouse part of building 3).

(Offices)

Building 1

Building 3
(warehouse
& factory)

Distribution

Head Office Division

Sales
Division

Building 4

Production

facto
( ) Division

Building J
(CHP plan

(including CHP
plant)

_____

Building 5
(factory)

)

a) Physj

The total ar
of an EPIA s

The bound

r
organizatioa:ll

5 Energ)

5.1 Gene

The deterni
boundaries

NOTE W
necessary to

Energy accd

sical boundaries

. b) Business unit boundaries
(location)

©) EPIA-based boundarig

Figure 1 — Examples of boundaries
ba within the EPIA boundaries may not encompass the whole organization. The bound
hould be specified so as to include at least tHe'main effect of the EPIA.

ies of the organization should be comparable in the baseline and reporting periods
should document and report on the'boundaries selected.

y accounting

ral principles of energy accounting

pf the organization.

hen determining energy savings by aggregating energy savings from EPIAs, it might n
account for types of energy that are not affected by the EPIAs.

unting should be appropriate to the purpose of determining energy savings. The pr

and results

bS

aries

The

ination of energy. savings should extend to all types of energy consumed within the

bt be

cess

bf.energy accounting should be documented and reported and used consistently.

An example

5.2 Meas

of energy accounting in the cement industry is given in Annex C.

urement of energy consumption and stocks

Measurement devices such as meters may be used to collect data, including pressure, temperature, mass,
volumetric flow and calorific value to calculate energy consumption by using engineering formulae and
conversion factors. The energy consumption data may also be available directly from meters (whether
read directly by the organization or taken from a supplier invoice).

The organization should apply conversions consistently and document how conversions were made.

© ISO 2016 - All rights reserved
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Where metering is not practical, the Formula (1) may be used to calculate energy consumption, E:
E= Vopen + Vadd o Vclose o Vloss (0

where

is the opening stock;

open
v are the additions to stock;

add
% 1S the closing Stock;

closd
% are stock losses or sales.

loss
NOTH Stock changes can be calculated based on level, volume, pressure or mass\measurement when using
Formjula (1).

The energy content of fuels (the amount of energy potentially availableswithin each unit pf fuel) may
vary[with factors such as density or the calorific value of its components. Conversion factorfs from units
as solld (such as cubic metres, litres or tonnes) to energy units may Be’'available from the supplier.

EXANPLE The energy content of diesel can vary over time duejyto/changes in composition with the gradual
introfuction of blended biofuels, which will generally reduce its calorific value.

In szrne cases, it may be necessary to choose between use of gross calorific value and net cglorific value
in enfergy savings calculations. More frequent measuréments may be necessary if the calofific value of
the fliel varies between batches and suppliers.

If copsumption data for a type of energy are notireadily available, then additional sub-meters may need
to beinstalled.

5.3 | Types of energy with relatively insignificant consumption

In g¢neral, all types of energy should be taken into account for the purpose of determining energy
savings. However, types of energy for which the quantity consumed is relatively insignificant in both
the bBaseline and reporting petiods, and where the consumption does not vary significantly between
the geriods, may be omitted from the determination of an organization’s energy consumptjon. Types of
energy that are relatively’insignificant individually may be significant when considered in aggregate.

EXAMPLE1 The%use of propane for forklifts has been determined by the organization to e “relatively
insignificant” andemitted because it is less than 0,1 % of the total energy consumed by the organizgtion.

Becajuse energy savings may be a small percentage of total energy consumption, caution should be
exerfised when making a decision to exclude any type of energy whose consumption is|of a similar
ordef efmagnitude to that of the expected energy savings figure.

If the type of energy consumed by a particular activity changes between the baseline and the reporting
period (e.g. through “fuel switching”) and the consumption of either type of energy is not negligible in
comparison with the energy consumption in either period, then both types of energy should be included
in both periods.

NOTE When determining energy savings by aggregating energy savings from EPIAs, it might not be
necessary to account for types of energy that are not affected by the EPIAs.

EXAMPLE 2 In the baseline period, an organization only uses natural gas to raise steam in its boilers. In the
reporting period, it installs a backup boiler that uses fuel oil (by “fuel switching”) in order to benefit from a tariff
that limits the use of gas at periods of high regional demand. Consumption of fuel oil has been determined to be
“relatively insignificant” in the reporting period as the backup boiler is rarely used; however, in order to reflect
total energy consumption accurately and not to overstate energy savings, it cannot be omitted as being relatively
insignificant.
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The reasons for omitting a type of energy should be documented.

5.4 Expressing energy consumption in common units

The organization should choose a common unit in which energy is measured (e.g. Joules, kilowatt-hours)
to undertake its energy accounting. A common unit allows for comparison of relative consumption of
multiple energy types and their aggregation. All conversions to express as a chosen common energy

unit, includi

ng any factors used, should be used consistently and documented.

5.5 Primary and delivered energy

5.5.1 Ger]eral

The organij
energy basi

NOTE1 W
depend, for e

NOTE2 Py

EXAMPLE 1
using the gas|
method applj

EXAMPLE 2
basis by usin|
electricity ug
products).

EXAMPLE 3
(located witH

EXAMPLE 4

this case, thd
transmission|
regional fact

EXAMPLE 5
or a wind tur

When calcu
boundaries

Reasons for

a)

nationa
electric

ration should decide if energy savings are to be calculated on a primary, or/deliy

5.

hether a particular type of energy used by the organization is described asprimary energ
kample, on its origins or on accepted industry practice.

imary and delivered energy can differ because of losses in transmission and distribution.

Electricity generated by an on-site gas turbine is usually convefted to a delivered energy ba
consumption of the gas turbine. This can then be converted into.primary energy by using the
ed to any other delivered energy.

Steam and electricity generated from an onsite CHP plant can be converted to a delivered e
o the fuel consumption of the CHP. The fuel consumption can then be allocated between stea
ing consistent rules chosen by the organization (e:g."by reference to the energy content of th

Energy from coal can be described as primary and delivered if available from an on-site
in the boundaries).

Energy from electricity can be desgribed as delivered if it is imported across the boundari
conversion factor to a primary energy basis will usually account for losses made in power p

rs.

Electricity can be degeribed as primary if generated from onsite renewables, such as photovo
bine. In this case, the‘electricity is both primary and delivered.

ating energy sayings using an EPIA-based approach, energy conversions prior to the
heed to be cansidered if accounting for energy on a primary basis.

expressing the energy consumption in primary terms include the following:

targets for energy savings are set with reference to the primary energy content, €.

ered

y can

5is by
same

hergy
n and

e two

mine

es. In
ants,

and distribution outside the boundaries and can be provided by the supplier or using natiopal or

Itaics

EPIA

g. of

ty.generated from thermal power stations;

b)
c)

of energy;

d)

comparing energy savings of multiple locations within an organization.

demonstrating the primary energy impact of CHP compared to electricity imported from the grid;

benchmarking the energy performance of organizations that may use a different mix of types

Standard practice in some countries is to use delivered energy for determining energy savings. Reasons
for expressing the energy consumption in delivered terms include the following:

a) thisapproach is linked to energy bill data;

10
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b) delivered energy is also widely used in the energy management of organizations, as
energy savings from actions taken by the organization within its designated boundarie

it highlights
s, as distinct

from energy savings resulting from actions by other parties, such as electricity suppliers;

c) the treatment of renewable energy in primary energy terms may also be subject to legal and other

requirements.

NOTE3  When organizations make a financial evaluation of EPIAs, they will often use delivered energy (as it

relates more closely to energy bills), even though their overall energy savings might be determined
energy basis.

NOTE 4 In some instances, fuel switching (e.g. when using electricity instead of fuel oil in a boil

on a primary

er) can result

in a decrease in energy consumption on a delivered energy basis, but also in an increase in energy
on a primary basis. However, this might not be the case if the water is heated using a high effitien
with pnergy savings arising on a delivered as well as a primary energy basis.

consumption
Cy heat pump

Groups of organizations or organizations that operate in different locations should ensufe that they

have|the data required for energy accounting on a consistent basis.

The dlecision to use primary or delivered energy should be documented ahd reported.

5.5.2 Conversion of delivered energy to primary energy

To cgnvert to a primary energy basis, delivered energy should.be multiplied by an energy conversion

factgr (m, ). This factor may be:

— Ibased on legal or other requirements;
— gite specific;

— provided by a third party;

3 regional or national default value.

The ¢nergy conversion factor may vary by type, country and region. Unless the organization

is mandated

to uge an energy conversion factor based on legal or other requirements, site specific factors should be
used] if available. Where there areno site-specific energy conversion factors, the organizatiion may use
energy conversion factors provided by a third party, such as energy utility companies. D¢fault values

should only be used when other options are not available.
Conversion of delivered energy for type i to primary energy is expressed by Formula (2):

K, =mE;

E is the primary energy consumption of type i;

(2)

m is the energy conversion factor for type i;

E. is the delivered energy consumption of type i in common units.
1

The choice of factors (m, ) should be documented and used consistently.
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6 Data preparation for determination of energy savings

6.1 Selection of time periods

Energy savings are determined by the difference in energy consumption between two comparable time
periods (a baseline period and a subsequent reporting period) which are equivalent in length. Between the
baseline and reporting periods, the organization may or may not have implemented one or more EPIAs.

Time periods may be classified as follows:

a) Shorter than a year: A shorter period may be used where energy consumption is seasonal (e.g.
a vegetpble canning factory, ski resort). If energy consumed in the "out of season™ peripd is
considefed, it may not lead to reliable energy savings. The baseline period should represent all
operating modes of the facility and should span a full operating or production cycle frommaximum
energy consumption to minimum based on observed data.

b) Ayear: When consumption of energy is weather sensitive, a period of one year js commonly uged.

c) In excegs of one year: Longer periods in excess of one year may be appropriate when there fis no
single year which is considered to be typical (e.g. in a winery where prodiiction volumes may|vary
significantly between years).

Gaps or othgr significant changes in energy consumption should be ac¢ounted for and documented (e.g.
leap years, geriods of commercial office vacancy, closure of a factoryfor renovation).

The organizption may also calculate energy savings with and withoeut one or more EPIAs, e.g. as follows:

— comparfng similar organizations with and without a _particular EPIA, e.g. comparing shopq in a
chain where some have had a lighting upgrade but others have not;

— where HPIAs are reversible (known as on/off tests), e.g. in a building energy management syjstem
which mpay be reset or recalibrated: in this case)the baseline and reporting periods may be sel¢cted
that areg adjacent to each other in time.

NOTE A [similar approach can be used to estimate potential energy savings from proposed EPIAs, [often
modelling seyeral alternatives.

The time pefiods chosen and the reasons for choosing them should be documented.

6.2 Estahlishing the energy baseline

When determining organizdtion-based energy savings, a single energy baseline measuring the erjergy
consumptioh within the-organization may be used. This enables energy savings from all EPIAs fo be
seen in aggregate, If\the organization is divided into constituent parts, an energy baseline will be
needed for gach,part.

If an EPIA-hased approach is used for determining the organization’s energy savings (see 4.2]3), a
separate energy baseline may be needed for each EPIA.

The energy baseline can be determined:
— by using a fixed period (usually a representative year);
— by using the average of a number of periods (if a single period is not representative).

The organization may select either a fixed baseline period (usually a year against which all subsequent
energy savings will be measured) or a moving baseline period (typically the previous year). A fixed
baseline period is commonly used if the organization has a long-term target for energy savings. A
moving baseline period is more useful for looking at year on year changes in energy performance.

The baseline period used and its determination should be documented.
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6.3 Non-routine adjustments

Energy consumption may be impacted by relevant variables and static factors during the baseline and
reporting periods. Normalization is used to account for changes in relevant variables.

Non-routine adjustments are made to the energy consumption in the baseline and/or reporting periods:

— if the static factors have changed between the two periods;

— if relevant variables have been subject to unusual changes in at least one of the two periods.

A common non-routine adjustment to the energy baseline results from changes in the boundaries, e.g.

due {
plant

EXAN
outsd
by th

need

Stati

and ¢

6.4

6.4.1

Ener]

o the sale or purchase of subsidiary companies, the expansion, opening or closure
s or other premises by the organization, or outsourcing or in-sourcing of activities:
PLE In the baseline period, a company owns a fleet of delivery vehicles. In the neperting
urced this activity to an external delivery company. To be consistent, either the fuelwsed for ty
e company in the baseline period needs to be eliminated, or the delivery company’s energy
5 to be accounted for.

C factors should be monitored for change throughout the reporting-period. The reaso
issumptions used in making non-routine adjustments should be‘documented.

Normalization for relevant variables

General principles

by consumption is impacted by relevant variables.'Normalization should be used so th

of abnormal values of the relevant variables can bé&¥removed from energy consumption for

betw

EXAN
energ

heati

Stati

een the baseline period and reporting periods.

IPLE1  For changing weather conditioris;”degree days can be used as a relevant variable
y consumption in buildings, where a sigmificant proportion of the energy used in the buildin
hg or cooling.

stical tests (e.g. p-value criterion) may be useful in deciding which relevant varial

significantly affect energy consumption and should be used for normalization.

Depq

nding on the objectiye\of determining energy savings, it may be appropriate to norma

— Dbaseline period energy consumption (see 6.4.2.1, forecast normalization);

~

The

1

eporting petioed energy consumption (see 6.4.2.2, retrospective normalization);

aselinejpériod and reporting period energy consumption (see 6.4.2.3, referencsg
ormalization).

three different methods will not produce the same results. When the determinatid

of factories,

period, it has
ansportation
consumption

ns, methods

at the effect
comparison

to normalize
s is for space

bles (if any)

ize:

conditions

n of energy

savings is repeated over time, the normalization method should not change. The method chosen should
be documented and if it is changed, the reasons should be documented.

In some cases, it is difficult to normalize the total energy consumed by the organization by using a
single model.

Situations in which normalizing prior to aggregating energy consumption may be a good approach
include the following:

— differences in baseline and reporting period conditions;
— the number, complexity and interactions of variables affecting energy consumption;

— differences in the products manufactured by the constituent parts of an organization;
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differences in energy using systems;

differences in the types of energy used;
— conditions differing by site location (e.g. degree days).

In these cases, dividing the organization into its constituent parts based on energy using systems,
organizational requirements or sites (see 4.2.1) and normalizing energy consumption separately before
accounting for energy savings in aggregate will simplify the model and help in reducing the uncertainty

of the determination of energy savings.

EXAMPLE 2

An organization manufacturing and selling furniture might normalize energy consumed

in its

manufacturifpg plants for number of units produced, while its showrooms might normalize energy consumfption

for weather (|

Annex D sh
organizatio
energy cong
than norma

If it is deci
documented

Where the
variables. A

6.4.2 Methods of normalization

6.4.2.1 Fd

The forecas
normalized
is the estim
period oper

NOTE
International
predicted.

This requirg
variables fof
for the base

6.4.2.2 R

The retrosy
the normal

The terms “estimated”, “expected” and “predicted” are often used interchangeably. In

Hegree days).

ws an example of normalization in the cement industry. Annex E shows an_ example

constituted by three parts, each of which produces different products. Normalizati
umption of each part separately before aggregating energy savings gives’a better
ization as a whole after aggregating total energy consumption.

ded not to carry out normalization when determining energy.'savings, this shoul
and used consistently.

nadjusted energy savings are required, it may not be permitted to normalize for rele
hy such requirement should be documented and reported.

recast normalization (reporting period basis)

t normalization method compares actual reporting-period energy consumption t
baseline period energy consumption. The normalized baseline period energy consum
hted energy consumption using rep6rting-period relevant variable levels, as if the bag
hting equipment and practices weene still in place.

Standard, the term “estimated energy consumption” is used for the value that might be expect

s the development-of a model describing energy consumption as a function of the relq
"the baseline pefiod. This model is then used to calculate the estimated energy consum
ine period under the reporting-period conditions.

ttrospective normalization (baseline period basis)

ective normalization method compares actual baseline period energy consumptig

of an
on of
esult

d be

vant

the
btion
eline

this
ed or

vant
btion

n to

ized reporting-period energy consumption. The normalized reporting-period e

ergy

consumption is the estimated energy consumption using baseline period relevant variables levels, as if
the reporting period operating equipment and practices had been in place in the baseline period.

As with forecast normalization, this method requires the development of a model describing energy
consumption as a function of relevant variables, but in this case for the reporting period. This model is
then used to calculate the estimated energy consumption for the reporting period under the baseline
period conditions.
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Retrospective normalization may be useful if a facility has limited data for energy consumption and
corresponding relevant variables for the baseline period but detailed data for energy consumption and
corresponding relevant variables for the reporting period.

EXAMPLE1 Retrospective normalization can be applied if there are monthly or more frequent data
corresponding to the energy consumption data for the reporting period, but only annual energy consumption
and production for the baseline period.

EXAMPLE 2  Retrospective normalization can be necessary if the baseline period has been fixed by legal or
other requirements (e.g. a government requiring all energy savings made by companies to be reported against a
1990 base year).

6.4.2.3 Reference conditions normalization

This|method normalizes energy consumption for both the baseline period and the reporting period
using a set of reference conditions and compares the two.

For this method, it is necessary to establish reference conditions reflecting typical historicpl and likely
future conditions. Reference conditions that can be considered include the-folowing:

— production levels;

— yveather: use of a typical meteorological year.
EXANPLE This approach is useful when the energy savings are/affected by weather conditiond which might
be miild, extreme or typical. Forecast or retrospective normalization enable energy savings to be calculated
using the baseline or reporting period weather conditions, respectively. This weather dependency ppf the energy
savings can be avoided by using the reference conditions method and normalizing to a typical meteorological

year pr other reference conditions.

The teference conditions method is useful for cantinuous tracking of energy savings, as it is Independent
of the baseline period conditions.

The ¢hoice of reference conditions should'be justified and documented and reported.

6.4.3 Summary of normalization methods

Tabl¢ 1 provides a summary of.normalization methods.

Table 1 — Summary of normalization methods

L Normalization method
Criteria

Forecast Retrospective Reference cpnditions
Reparting period'energy |Actual reporting period Reporting period model Reporting peripd model
consumption energy consumption using baseline period using referenc¢ conditions
conditions
Baselline/period energy  |Baseline period model Actual baseline period Baseline periodl model
consumption using reporting period energy consumption using reference conditions
conditions

Assumptions regarding |Baseline period operating |Reporting period operat- |Baseline and reporting
operating equipment and |equipment and practices ing equipment and practic- |period operating equip-
practices in place es in place ment and practices using
reference conditions

6.4.4 Determination of normalized energy consumption

6.4.4.1 General

The forecast and retrospective methods require a model to be fitted to the data from either baseline
or reporting period, respectively. The reference conditions method requires a model to be fitted to the
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data from both baseline and reporting period. The model is then used to calculate normalized energy
consumption. The modelling approaches in 6.4.4.2 to 6.4.4.5 can be used.

6.4.4.2 Fitting the model

The first step is to fit a model which describes the energy consumption as a function of relevant
variables. In general terms, the relationship can be expressed as follows:

E = f(xl,xz...xn)

where

E is the

X; are rej

fO

NOTE1 It
threshold val

E:f(x]

E:g(x

EXAMPLE 1
require a con|

EXAMPLE 2
raw material
hardness ind

NOTE2 If
consumption|
a simple met

The choice
used to sele

(3)

energy consumption;

levant variables;

is a fulnction of the relevant variables.

ue, so that, for example:

,xz...xn) ——if x;, >N
L’XZ"'Xn> ——ifx, <N

The state of a plant includes not only “in operation” but “part-load” and “standby”. This
dition-based model if it cannot be treated as an @utlier.

is also possible to use a condition-based model where a different formulaZapplies on either sid

e ofa

might

The energy consumption characteristie might change according to the quality and the kind of

s (a relevant variable) which are the input to the plant. Depending on the quality parameter
px exceeds a threshold value), then thiswhight require a condition-based model.

there are no relevant variables. that exhibit a statistically significant correlation to e
then it might be that the only.model would be E = Ebo , where Ebo is a constant. This is the ¢
[ic. In this case, it is not pdssible to undertake normalization.

f model should becbased on physical relationships or other considerations. These m

to a simple formula as well.as'a more complex system of formulae.

6.4.4.3 EX

6.4.4.3.1

famples‘oficommonly used models

Example 1: Ratio of energy consumption to a single relevant variable

Ct the relevant variables and the expected form of the model. These considerations carn

5 (e.g.

hergy
hse of

iy be
lead

Although simple to use, this method does not consider base load energy consumption or any other

consumptio

n not related to throughput.

The ratio model takes the form:

E = bx

where

16

(4)
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E is energy consumption;
b is a constant, sometimes known as the specific energy consumption (SEC);
X is the relevant variable.

6.4.4.3.2 Example 2: Linear regression model
The linear regression model takes the form:

E=E, +bx, +...+bx, (5)

where

x. k. x arerelevantvariables;
1Ky X,

E,, is base load energy or energy consumption which is not related-to a relevant yariable.

Developing the model will often require statistical testing (e.g. p-walue criterion) and g§creening to
determine which terms to include.

NOTH This model is most commonly used with one relevant vdriable in the form shown in Foriula (6) (also
known as the simple linear regression model):

E=E,, +bx 6)

6.4.4.3.3 Example 3: Complex model

a) Polynomial model: This is a linear regression model including terms in integer powers of the
individual relevant variables and products of these variables. A second order polynomial in x1, x2
and x3 can be expressed as:

2 2 2
K =E,, +b;x; +byx, +byxytb, <x1> + b (XZ) + by (x3> +byx X, +bgx,Xq +bygxaky (7)
b) General nonlinear model: This form allows terms that are nonlinear in the estimated cpefficients.

6.4.4.4 Considerations in model preparation

In orfder to fitaamodel for its energy consumption, the organization should use historical data reflecting
its operatingspatterns. In most cases, the model needs to use data spanning 12 months to ensure
seaspnal variations are reflected. The method used for preparation of a model such a$ regression
analysis,may not work properly for irregular periods of energy consumption, although ayeraging the
data'evertongerperiodsof timecanreduce randonrerrorsbut not thesystematicerrors—th the case of
monthly data, the problem of calendar mismatch is faced due to following reasons:

— months are of different lengths, depending on the month and whether or not it is a leap year;
— weeks do not overlap neatly with months.

By using daily or hourly energy consumption, production and degree days, the accuracy of the base load
energy figure determined through regression analysis can be improved:

a) inthe case of buildings, it is important to use data for days and times with similar energy operating
patterns, e.g. working weekdays, occupied hours, weekends;

b) production and energy consumption data of a continuous process plant should be modelled on the
basis of daily production and energy consumption;

© IS0 2016 - All rights reserved 17


https://standardsiso.com/api/?name=6a26fba554d7bb79d5f434f1885291cb

ISO 50047

c) otherpl

:2016(E)

ants may use hourly, daily, weekly or monthly data, as appropriate.

Data gathered at more frequent intervals (“interval data”) may help improve the accuracy of the model.

It is important to build the model on data that are representative of the normal energy behaviour of the
organization. Data should be screened prior to use. Outliers may be removed unless high variability is a
characteristic of the system.

EXAMPLE

production pl

Data from shutdown periods with no production are an example of an outlier in a continuous

ant.

When using an EPIA-based approach, it is preferable that the modelling and normalization methods

should be s
speed drive
normalizati
should be dq

6.4.4.5 (d

The model f
such as t-tg
purpose of g
significance
a) Valid qu
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consumjption from the model should fall within one of the following:
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api

b) Model

thresho
at I¢

an |

NOTE A

The result o

pre-determi
good correld

The results

7 Calcul

7.1 Gene

plected according to the characteristics of each individual type of EPIA (e.g. all vay
s should have the same model and normalization method), rather than usingha“s
bn method for all EPIAs. The models and normalization methods for each type of
cumented.

nsiderations in determination of model validity

or the normalization of energy consumption may be validated usifig-statistical techn
st, chi-squared test, null hypothesis test, Fischer’s exact test, taking into accoun
etermining energy savings. Typically, these tests determine a value which shows statis
if below a threshold (i.e. critical value).

lantitative range of model variables: For the model tobe'valid in determining norm
Consumption, the average value of the relevant variable used to determine the norm

range of observed data that went into the model;
e-determined number of standard errors from the mean of the data that went into the m

esting: For the model to be considéred valid, both the following conditions should
[d values:

past one of the variables in the model has a p-value less than a pre-determined level;
" test for the overall modelfit has a value less than a pre-determined level.
threshold value of < 0;.€orresponding to a 10 % significance level, is typically used.

f the statisticalrelationship between energy consumption and relevant variables is ab

ned level (elg~the coefficient of determination, R? > 0,75), demonstrating that ther
ition between energy consumption and relevant variables.

bf thé validation and model testing should be documented and reported.

ation of energy savings

ral principles

iable
ingle
EPIA

ques
t the
tical

lized
lized

odel.

meet

bve a
b 1S a

After identifying the boundaries of an organization, and the baseline and reporting periods (see 6.2),
the energy consumption for each period should be:

a) express
b) convert
c)

18

ed in common energy units (see 5.4);

ed to primary or delivered energy as selected by the organization (see 5.5);

adjusted for non-routine adjustments and normalized for the relevant variables (see 6.3 and 6.4).
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NOTE1 Itis often possible to normalize first, using the initially measured energy units, or after either of the
other steps listed above.

After applying these, the energy savings of the organization are the difference in the energy consumed
within the boundaries between the baseline period and the reporting period (where the two periods
are equivalent in length), allowing for any non-routine adjustments, if any.

The basic formulae to sum the energy savings of a single type of energy, i, are given in Table 2.

Table 2 — Formulae for energy savings of a single type of energy

Method of lizati

Forecast Retrospective Referencé donditions
Energy savings Eb,i,n o Er,i Eb,i o Er,i,n Eb,i,n N Er,i,n

Key

Eb,i energy consumption of type i in the baseline period

Er,i energy consumption of type i in the reporting period

Eb,i,n normalized energy consumption of type i in the baseline period

Er,i normalized energy consumption of type i in the reporting period

NOTE 2  If more energy is used in the reporting period thanithe baseline period, the calculation will show
negative energy savings.

Where there are multiple types of energy, energy savings may be determined in one of two|ways:

— (ase 1: Determine the energy savings of each type of energy after normalization, express them in
¢ommon units and sum these to obtain energy savings;

— (ase 2: After expressing in commen_ 1nits, combine the consumption of each type of ¢nergy, then
normalize to determine the energy savings.

In eifher case, normalization may:be undertaken using any of the methods described in this Ipnternational
Stanglard. Both cases may also\be applied when using either primary or delivered energy.

For (fase 1, the methods_ of normalization in Table 3 apply.

Table 3(=-Formulae for energy savings for multiple types of energy: Case 1

Method of normalization
Forecast Retrospective Reference donditions

Energy savings Z (Eb,i,n o Er,i ) Z (Eb.i o Er,i,n ) Z (Eb,i,n - Er,i,n)

EXAMPLE1 In an office building, gas is only used for heating, but electricity is used for multiple purposes. It
might be appropriate to normalize gas consumption using heating degree-days in both the baseline and reporting
period for a reference period in which the ambient temperatures were average. Electrical consumption has not
been normalized. Both gas and electricity consumption will have been expressed in common energy units.

For Case 2, the methods of normalization in Table 4 apply.
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Table 4 — Formulae for energy savings for multiple types of energy: Case 2

Method of normalization

Forecast Retrospective Reference conditio

ns

Energy savings

(ZEb,i)n_ZEr,i ZEb,i_(ZEr,i)n

(ZEb,i)n - (ZEr,i)n

EXAMPLE 2

and electricit

A factory makes a complex product that uses both gas (in furnaces, for raising steam and other
purposes) and electricity (for cooling and use in power drives). In this case, it might be appropriate to first
express in common units and then normalize total energy consumption (aggregated energy consumption of gas

y).

NOTE3 (4
for individua

7.2 EPIA;

7.2.1 Gen

The basic fo

ses 1 and 2 can also be used for the summation of energy savings from parts of an organjzabi
EPIAs.

based approach to determining energy savings

eral principles

rmulae to sum the energy savings of multiple EPIAs are given in¢Table 5.

Table 5 — Formulae for energy savings of multiple EPIAs

on or

Method of normalization

Forecast Retrospective Reference conditigns
Energy savings Z (Eb,j,n - ErJ) Z (Eb,j —Eiin ) Z (Eb,j,n “Ejn
Key
Eb,j energy consumption within the boundaries of EP[A}.in the baseline period
Er,j energy consumption within the boundaries, of EPIA j in the reporting period
Eb,j,n normalized energy consumption within the boundaries of EPIA j in the baseline period
Er,j,n normalized energy consumption within the boundaries of EPIA j in the reporting period

The formuld
consumptio
effects and 1

7.2.2 Ind

Typically th
savings due

le in Table 5 can only/be used without correction if the EPIAs do not impact the er
h of one another.*Otherwise corrections should be done to account for indirect e
o correct for double counting.

rect energy effects

e sumof individual energy savings from individual EPIAs is different from the total er
tosindirect energy effects.

ergy
ergy

ergy

An indirect energy effect may arise when a reduction in energy consumption following an EPIA leads to

an increase

EXAMPLE 1
requirement

in energy consumption elsewhere within the organization.

Improving the lighting energy efficiency by using LEDs in an office building will increase the

for heating due to lower incidental gains from the more efficient lights.

Indirect energy effects can sometimes lead to greater than expected energy savings elsewhere within
the organization.

EXAMPLE 2

20

Improving the lighting energy efficiency by using LEDs in an office building that uses a cooling
system will lead to additional energy savings from cooling system as well as from lighting.
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7.2.3 Avoiding double counting

Double counting effects can arise where an EPIA in one part of an energy using system reduces the total
demand (and hence the energy savings) from other EPIAs made in another part of the system. In such
cases, the total expected energy savings will be lower than the sum of the energy savings that would
have occurred if each EPIA had been made in isolation.

EXAMPLE1 In a building renovation, energy savings might be calculated from the improvement of building
envelope (e.g. by insulating roofs, walls or upgrading glazing) and by the improvement of heating system (higher
efficiency boilers, better controls). The combined calculated energy savings will be lower than the individually
calculated energy savings due to lower heat losses through the roof, walls and window reducing the heat demand

from

the heating system.

Anot
two
EPIA

EXAN

reminding them to switch off lights when not in use. The managers responsible for'hoth the lighting

the b
need

The {

i

e
ilcluded whether they relate solely to that EPIA or alsoto other EPIAs;

her type of double counting is if the same energy performance improvement is attribut]
lifferent EPIAs. Although the energy savings from that improvement may be attribu]

s, the overall energy savings should be counted only once.
IPLE2 A company replaces its old lighting with LEDs, and at the same, timeé runs a st

ehaviour claim that the energy savings are theirs. To avoid double countifig) the measured ef]
to be apportioned between the two EPIAs.

ollowing steps can be taken to avoid double counting:

termine energy savings for each EPIA: in this step alléénergy savings from that EP]

dentify the related EPIAs for each double counted energy saving;

q

I
Whe

counting should be subtracted after the aggregation of energy savings from all EPIAs.

The

and dlocumented.

7.3

Whe
ener

if the contribution of each EPIA can be determined through theoretical or engineeri
it should be allocated according to the relative proportion and extract the double coulnted energy

avings;

LPIAs: in such a procedure, statistical methods are sometimes effective.

h there is no adequate way to avoid double counting, the summation of the unavoid

hpproach taken to thetidentification and avoidance of double counting should be used

Ensuring consistency between organization-based and EPIA-based appro

h it is pessible to determine energy savings at both the organizational level and throu

opp(1rtunities for analysing the discrepancies and looking for their causes. Examples of such|

by savings from EPIAs within the organization, comparing their results provides a reali

ed in full for
able to both

hff campaign
upgrade and
ergy savings

A should be

ng analysis,

if it is difficult, some allocation rules-should be established, e.g. choosing the most strongly related

able double

consistently

hches

bh summing
Ly check and
causes are:

hide the energy savings from EPIAs;

claimed energy savings, operational control issues, rebound effects);

has been omitted;

© ISO

measurements are inaccurate;

normalization has been carried out inappropriately.

2016 - All rights reserved

increases in energy consumption in parts of an organization not implementing EPTAs could offset or

EPIAs do not achieve the expected energy savings, for any reason (e.g. equipment does not achieve

EPIAs exclude end user actions that were not identified initially as affecting energy performance;

normalization for some relevant variable or for non-routine adjustments for autonomous progress
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See Annex B for further information.

8 Improving the accuracy of energy savings results

8.1 Data quality

The quality, precision and accuracy of data collected to calculate energy savings need to be considered
if the calculated results are to be meaningful.

Ensuring that data used are of appropriate quality and completeness can help increase the robustness
of the deterfmined energy savings and ensure that they meet the needs of the organization. ractqrs to
consider in determining appropriate quality of data may include the following:

— the method of collection, i.e. manual or automatic readings sent to a centralized data collection centre;
— the source of data, e.g. third party weather station data (for degree days calculations);

— the freduency of data collection, i.e. covering all shifts, hourly, daily, monthly, working hours and
seasons

— the accyracy of meters and measuring equipment;

— precisidn (measurement uncertainty regarding bias, linearity, resplution, etc.);
— repeatapility of data from the data source;

— validatipn of the data.

Data complgteness includes ensuring adequate lengthsof time for data to be collected acros$ the
organizatiop for which energy savings calculations-are to be performed. Where appropriate,|data
should be cqrrected for missing data or incorrectly. fecorded values.

Data should|be collected consistently over the:baseline and reporting period(s).

All measurements have inherent uncertainty and this may be limited by using the correct calculations
and formulge for normalization or modeHing.

As the basgline and reporting period data used to calculate energy savings can be very clope in
magnitude, [perhaps differing by _dnly a small percentage, inadequate data quality or inappropriate
normalizatipn can lead to highwuncertainty and low significance of calculated energy savings valugs.

8.2 Errors in determining energy savings

Energy savipgs calculations may be affected by systematic and random errors. Systematic errorg are
bias in meaquremeént, assumptions and analysis. Random errors are a result of the quality of meas:*nring

equipment, thie;measurement techniques and sampling. The process of normalization also introduces
errors, as it isbasedomrtheuseof modets:

Errors may be caused by the following:

a) Manual errors: The accuracy of energy savings calculations may be affected by simple human error
in the manual transfer of information and/or complex spreadsheet calculations (e.g. incorrect cell
references or typographical errors in formulae). Checks and balances should be included in the
process appropriate to the complexity of the calculations to minimize the risk of such errors.

b) Modelling errors: This could be due to an inappropriate functional form, exclusion of relevant
variables or due to inclusion of non-relevant variables.

EXAMPLE In an organization, monthly sales are used as a relevant variable even though there is no cause

and effect between energy consumption and sales. This is a case of the inclusion of a non-relevant variable.
The organization can consider using production volume per day as a relevant variable.
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c) Measurement errors: These may be caused by systematic and random errors. Drift during the
period since meters were last calibrated can cause bias. Random errors can be a result of accuracy of
sensors, transmitters, etc. The magnitude of such errors can be managed by periodic recalibration.

d) Sampling errors: This can be caused when the sample is not representative of the population or due

to biased sampling.

Sources of error may also be unknown or non-quantifiable, such as meter selection with low repeatability
or incorrect placement of measurement devices (e.g. orifice meters). These can be managed by proper

selec

tion and installation based on industry best practices.

8.3

The
savir
This

NOTH
savin|
used.
perio

Acceptable uncertainty criteria

1gs. To be statistically valid, energy savings should be large relative to random.statisticd
level should be documented and used consistently.

Typically, in the cases of forecast or retrospective normalization, a Simplified criteri

In the case of reference conditions normalization, the standard error ofthe baseline model 3
d model can be combined using statistical rules. If energy savings‘are less than the set I

organization can look for likely sources of error and take steps to reduce them.

9 1

9.1

Ener
repo
eithd
the (
insig]

Whe
unce

EXAN
217 N

9.2

Com

Reporting energy savings

General

py savings should be documented and repprted in a consistent manner between |
Fting periods, taking into account any requirements made by interested parties wj
r external (e.g. regulatory by governmlent or a stock exchange) or internal (e.g. ma
rganization). The report should listithe types of energy that have been omitted on
nificance and the parts of the organization that have been excluded.

Fe possible, the number of significant figures used for reporting should be set to reflec
rtainty in the data.

PLE
[Wh, rather than as 216,874 kWh, which implies that each kWh figure is significant.

Reporting-considerations for groups of companies

blex orgamnizations often contain subsidiaries, plants or other facilities that are jointl

by differentorganizations. In determining the total energy savings for the complex organij

may
orga

be d rieed to attribute and report energy savings from these jointly controlled units. ]
hization should first ensure that energy savings in these units are determined on a bas

brganization should set an acceptable level of uncertainty criteria before determining its energy

] variations.

on of energy

gs greater than, for example, twice the standard error of the baseline of reporting period model will be

nd reporting
vel, then the

aseline and
hich can be
hagement of
grounds of

t the level of

If the data are measured to within * 2 %, it is preferable to express energy copsumption as

[y controlled
ration, there
'he complex
s consistent

with

this International Standard in terms of energy accounting, baseline and reporting

periods and

decisions over normalization. Having determined the energy savings from each of the jointly controlled
units, these separate energy savings may then be allocated to the complex organization, as required.

Allocation, aggregation and reporting may be done with reference to characteristics such as equity
share, financial control, operational or management control. The basis or method for allocating
energy savings to the organizations that jointly control all of or a part of the organization should be
documented.

9.3 Communicating energy savings results

This International Standard explains in detail how energy savings are to be calculated in energy
accounting units such as Gigajoules or kilowatt-hours. Depending on the objective of determining
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energy savings (see 4.1), communication of the results may also be made using energy performance
indicators:

a) with reference to a change in specific energy consumption;
b) in terms of a change in energy intensity;
c) asapercentage.

See Annex F for more information on these approaches.
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Annex A
(informative)

Flowchart for determination of energy savings

Preliminary considerations (4.1

. Define the purpose of the determination of energy savings

The-organizatiomrfor-whichrenergysavingsarebeingdetermimd
Parties responsible for the determination of energy savings
Parties who will receive the results
Determine the uncertainty criteria

Select the approach for determination of energy savinhgs (4.2
e  Organization based - Total energy consumption of the organizgtion or its

constituent parts
o EPIA based

Define the boundaries (4.3)

Energy accounting (Clause5)

e Measurement of énergy consumption and stocks
. Expression in égmmon energy units
e Choice of Primary / Delivered energy

Period of determination (6.1) |

'

Establish the energy baseline (6.2) ‘

'

Act ired to be tak Non-routine adjustments (6.3)
¢ 10;145 requlre. 0 be taken " . Identify changes in static factors/unusual changes in relevant | variables
. ore precise measuremen
. ImproI\)/e the mathematical model Normalization for relevant variables (6.4)
. Larger sample size . Choose method of normalization
. Divide the organization into its ° Flttmg the mode.l .
constituent parts e Checking the validity of the model
e  Determination of normalized energy consumption
A
Determination of energy savings (Clause 7)
. Calculation for a source
. Aggregation of energy savings
- Case 1 Summation of energy savings of each type
- Case 2 Combining energy consumption of each type and nprmalized
energy consumption
. EPIA based approach
. Ensuring consistency between organization based and EPIA baged
approach
Calculation of uncertainty (8.3)
If it does not meet B o L
. o - | [f the criteria is met
uncertainty criteria
NOTE Actions required after calculating uncertainly start from the most appropriate step. *
The figure shows an example starting from energy accounting but it might also be determination R h .
of energy savings or normalization etc. eport the energy savings

Figure A.1 — Flowchart for determination of energy savings

© IS0 2016 - All rights reserved 25


https://standardsiso.com/api/?name=6a26fba554d7bb79d5f434f1885291cb

ISO 50047:2016(E)

Annex B
(informative)

Reconciliation between organization level and EPIA-based

It is often u
calculated

energy savings

sing the EPIA-based aproach, as shown in Figure B.1. This provides a check on theley ergy

savings sunpmed from EPIAs. This may indicate that EPIAs are not achieving the expected ‘energy
savings. Thdgre may be many other reasons for differences, including the following:

— omitted EPIAs, including actions not identified initially as affecting energy perforimance;

— increas

mask the energy savings from EPIAs;

— differen
errors i

h normalization;

— unaccoynted changes in static factors;

— price effects, leading to a general awareness of the need to reduce energy consumption (or,
rarely, 4 lessening of control if prices fall) independent from identified EPIAs;

— improvéments in the energy efficiency of new equipment installed, but not as part of an EPIA,

— increas
known

— operati
— arebou
EXAMPI|

evening
the past

hs autonomous effects);
nal management and control issues, including the effects of maintenance regimes;

hd effect.

as they know that théy)do not use much energy, even though they switched off CRT monit

s in energy consumption in parts of an organization not implementing EPIAs could offget or

ces in energy accounting rules, measurement aggregation errors and uncertaintie§ and

more

bd energy consumption through the incorporation ofadditional features (together sometimes

E Employees leave energy*efficient flat screen computer monitors on when they leave world each

rs in
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Adjustments to Total Energy Consumption

EPIA-Based Determination
Of Energy Savings

i
tic Facto

'
i '
'

Stal i
Effect Price

Total calculated savings

from mﬁsures (EP IAa}

H '

Qonsumplion  nagjusted : Effect E Savings "lost" by double counting
Energy Savings ' : Directd EPIA1
(before | r Rebound
Normalization) ' Effect EPIA2

Autonomous®
Eﬁg?gr:,ed Changes Eﬁ_ EPIA4
norm alz ation Savings & management control EPIAS
EPIAG
Total EPIA
Weather Organizational Based
nor ion¥. Savingswy W Savings A9

Energy Consumption in Baseline Period

Energy Consumption in Reporting Period

based-methods

Figure B.1 — Schematic diagram of reconciliation between organizational-based and EPIA-
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(informative)
Example of energy accounting in a cement plant
C.1 General

This annex gives an example of energy accounting in a cement plant, as described in Clause 5.

In the example in this annex, the plant produces several grades of cement. The plant alse import

exports a p
from its ow1

C.2 Obje
The objectiy

organization.

C.3 Boui

For the pur
and captive
boundaries

a)
b) product

captive

c) grindin

Figure C.1

1 power plant and partially from the grid, and also exports electricity to the’'grid.

ctive of determining energy savings

re of determining energy savings is to meet the requirements-of the management g

)daries

boses of this annex, the plant’s physical boundaries have been fixed as a single boun
mines and housing for employees have been excluded. Within this boundary, three sep
hre considered to meet the requirements of the management:

power plant and diesel generating sets;
ion of clinker;
b of clinker to produce variqus.grades of cement.

illustrates the flow of genergy and product/partially processed material within

organizational boundaries and other boundaries. The boundaries are shown by dashed lines.

b and

artially processed material namely clinker. The plant meets its electricityxrequirenpents

f the

dary,
hrate

the

28
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Cement

r——————== " -——-——-=-= a
Coal | Captive Power Plant — Auxiliary Units |
| |
Diesel ——>  Diesel Generating Sets I
| 1 Electricity
Electricity I —H»  exported
imported | l 1
1 h 4 |
Grinding Unit "
Coal . Clinker 4—' Aaditives
] o ction I | (Gypsum,
[ I ? g I fly ash
| | etc.)
1 I
1 I
I - d
Clinker exported Clinker imported Various Grades of

organizational boundaries and other boundaries

C.4 | Identification of types of energy

The following types of energy which arrive at the boundaries and their use are considered:

Figure C.1 — Flow of energy and product/partially processed material within the

a) ¢lectricity imported from thegrid used in clinker production, grinding and for auxiliary units;

b) ¢oal used as a fuel in the Kiln for clinker production;

c) ¢oal used as a fuel inthe captive power plant;

d) diesel used agia‘fuel in the kiln for clinker production;

e) dliesel for\power generation in diesel generating (DG) sets.

Poweér géneérated in the captive power plant and DG sets is used in clinker production, the g

and quxiliary units.

C.5 Measurement of energy consumption and stocks - delivered basis

rinding unit

Electricity imported from the grid is measured in kWh and is available directly from meters. Electrical
energy consumed in clinker production, grinding units and auxiliary units in the plant is also measured
in kWh and directly available from meters.

© ISO 2016 - All rights reserved
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Diesel and coal are considered to constitute primary energy. The quantity of diesel consumed is
measured by flow meters. The gross calorific value (GCV) of coal is measured by the plant from batches
received from various suppliers. The consumption of coal, E¢qg), is calculated using Formula (C.1):

Ecoal = Vopen + Vadd - Vclose - Vloss (C1)
where
is the opening stock;

open
% argtheadditionstostock;

add
v is thhe closing stock;

close
v, are stock losses or sales.

0SS

volumetric feeder, solid flow meter, etc. The quantity of diesel consumed is nteasured by flow meters.
Consumption of raw materials and finished products produced are similarly measured. The thermal
energy used in captive power generation and DG sets, Eth,pg, is calculated using Formula (C.2):

The consurjption of coal is also cross checked by weighing systems such as weigh feeders, belt weigher,

Eth,DG ] (mcoal X Eth,GCV,coal) + (mdiesel,DG x Eth,GCV,diesel) (C'Z)

where
m_, is the coal consumed in captive power gereration;

coa.
E is the GCV of coal;

th,GCV,coal
m is the diesel consumed in DGsets;

diesel,DG
E is the GCV of diesel.

th,GCV,diesel

C.6 Expression in comnion energy units

The commo‘[: unit of energy chosen is Gigajoules. Electricity imported from the grid is purchasgd in
kilowatt-holirs and expréssed in Gigajoules by using Formula (C.3):

Ey g =y x3,6%10° (C.3)
where
E, is electricity imported from the grid expressed in kWh;
Eig is electricity imported from the grid expressed in GJ.

Other fuels (coal and diesel) are converted using gross calorific value (GCV) in G]/t or GJ/1.

The thermal energy used for captive power generation is already in GJ and needs no further conversion.
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Conversion to primary energy

Electricity imported from the grid (delivered energy) is converted to primary energy by using

Formula (C.4):

E

peEE — My X Eq g

where

PGE

1,GJ

Therjmal energy consumed in captive power generation, the captive power-plant and I
Formula (C.2)] does not require any conversion as it is considered td be primary ene
conversion factor is 1).

C.8

Therjmal energy used for captive power plant and DG setsy{see Formula (C.2)] is allocatg
production, the grinding unit, and auxiliary units based‘on’electrical energy consumed in

The

on cdrtain rules determined by the plant.

Base

unitg thermal energy used for clinker produstion is y % of the electrical energy generatg
power plant and DG sets, as shown in Formuta (C.5):

3 _ Y
L clinker — Eth,total x + (mcoal R Eth,GCV,coal)
100
whertte
E ] is the energy consumed for clinker production;
clinger
Eg isthetotal thermal energy for captive power generation;
th,tqta
m is the coal consumed in the kiln for clinker production;
coa.
E is the GCV of coal.
th,GLV,coal

. is the primary grid electricity equivalent;

(C.4)

is the energy conversion factor;

is electricity imported from the grid expressed in GJ, as calculated4n Formu

Energy consumption for clinker production

bnergy used in auxiliary units is apportioned between clinker production and grindin

d on the above allocated energy to the clinker production and apportioned energy frq

la (C.3).

G sets [see
rgy (i.e. the

d to clinker
these units.
g unit based

m auxiliary
d in captive

(C.5)

The primary energy equivalent of electricity imported from the grid used for clinker production is
calculated from Formula (C.4) by Ep;pp ¥ A

100
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Annex D
(informative)

Example of normalization of energy consumption in a cement plant

D.1 General

This annex
electrical ej
the organiz
normalizati
shown here

The electric

lergy consumption for clinker production in a cement plant. The total energy,savi
ition are determined from those of its constituent parts (see 4.2.2). This exaimple inc
bn for the part that produces clinker. Other parts could be similarly analysed but ar
The unit imports electricity from the grid and does not generate any pewer on site.

bl energy consumption is measured for:

Hetails an example of forecast normalization (see 6.4.2.1) of equivalent thermal energy of

nEs of

udes
e not

a) clinker production;

b) grinding of cement;

¢) auxiliarly units.

The energy |consumption of auxiliary units is apportioned between clinker and grinding sectiong in a
ratio of 70:30.

D.2 Normalization of electrical energy consumption for clinker production

D.2.1 Basgline period

Baseline pefiod is established for a one year, period from January 2013 to December 2013.

D.2.2 Relevant variables

The monthly production data and/corresponding energy consumption data (for 12 months) are fised.
Quantity of|clinker produced per day is used as the relevant variable as the monthly productipn is
affected by the number of days in the month. However, other relevant variables which can be considered
are raw material quality{hardness), fuel quality (petroleum coke or coal or alternate fuel) for clinker
production.

D.2.3 Energy accounting

Table D.1 shewssample-production-datafroma-chnkerplant

32 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=6a26fba554d7bb79d5f434f1885291cb

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Preliminary considerations and boundaries
	4.1 Preliminary considerations
	4.2 Approaches to determining energy savings
	4.2.1 Two approaches to determining energy savings
	4.2.2 Organization-based approach
	4.2.3 EPIA-based approach
	4.3 Determining the boundaries
	5 Energy accounting
	5.1 General principles of energy accounting
	5.2 Measurement of energy consumption and stocks
	5.3 Types of energy with relatively insignificant consumption
	5.4 Expressing energy consumption in common units
	5.5 Primary and delivered energy
	5.5.1 General
	5.5.2 Conversion of delivered energy to primary energy
	6 Data preparation for determination of energy savings
	6.1 Selection of time periods
	6.2 Establishing the energy baseline
	6.3 Non-routine adjustments
	6.4 Normalization for relevant variables
	6.4.1 General principles
	6.4.2 Methods of normalization
	6.4.3 Summary of normalization methods
	6.4.4 Determination of normalized energy consumption
	7 Calculation of energy savings
	7.1 General principles
	7.2 EPIA-based approach to determining energy savings
	7.2.1 General principles
	7.2.2 Indirect energy effects
	7.2.3 Avoiding double counting
	7.3 Ensuring consistency between organization-based and EPIA-based approaches
	8 Improving the accuracy of energy savings results
	8.1 Data quality
	8.2 Errors in determining energy savings
	8.3 Acceptable uncertainty criteria
	9 Reporting energy savings
	9.1 General
	9.2 Reporting considerations for groups of companies
	9.3 Communicating energy savings results
	Annex A (informative)  Flowchart for determination of energy savings
	Annex B (informative)  Reconciliation between organization level and EPIA-based energy savings
	Annex C (informative)  Example of energy accounting in a cement plant
	Annex D (informative)  Example of normalization of energy consumption in a cement plant
	Annex E (informative)  Example of calculating energy savings for an organization producing various products
	Annex F (informative)  Further information on communicating energy savings
	Bibliography

