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Foreword

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

The procedy

described i

different types of ISO documents should be noted. This document was drafted in accordande\wit

editorial ru

Attention is

ia neededdo

es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may be the subje

ect of

patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detalils of

any patent rjights identified during the development of the document will be in the)Introduction ay
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the convenience of users and doe
constitute ah endorsement.

For an exp
assessment,

Barriers to Trade (TBT) see the following URL: Foreword - Sufiplementary information

The commitftee responsible for this document is ISO/TC 257, Evaluation of energy savings.

anation on the meaning of ISO specific terms and\expressions related to confor

1d /or

S not

mity

as well as information about ISO’s adherence to*the WTO principles in the Technical
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Introduction

The purpose of this International Standard is to establish a set of general rules for measurement,
calculation and verification of energy savings of projects. These general rules are considered universal
and are applicable irrespective of the measurement and verification (M&V) methodology used. This
International Standard is designed to be used by all the project stakeholders that aim to quantify
the energy savings over a specific period in the new projects or retrofit projects. It could reduce the
technical and financial barriers in the measurement, calculation and verification for energy saving
projects.

This
comi
M&V]

and methods for M&V of energy savings that can be applied to a broad variety of projects.

Ther]
but @
have

Int
sim
and
adjus
the d

This
of en

non understanding of M&V on project level is established by outlining how calculation
could be selected under different project scenarios. It is intended as a set of principl

e are numerous calculation methods and M&V methodologies available te’quantify eng
redible determination of energy savings is considered essential for all the project sta
a clear and correct understanding of the energy performance of project.

is International Standard, energy savings are determined by cémparing measured, ¢
ated energy consumption before and after and/or with and without implementation|
making suitable adjustments for changes in relevant variables (routine adjustment]}
tments for changes in static factors (non-routine adjustment) and therefore energy

International Standard can be used by any interested party in order to apply M&V to tl
ergy savings results.

V&V plan. A
methods for
bs, guidance

brgy savings
keholders to

alculated or
of a project
or suitable
savings are

ifference between the adjusted energy baseline and the'reporting period energy consgimption.

he reporting
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INTERNATIONAL STANDARD ISO 17741:2016(E)

General technical rules for measurement, calculation and
verification of energy savings of projects

1 Scope

This International Standard specifies the general technical rules for measurement, calculation and
verifirat . . : . .

2 ormative 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.

EVO[10000-1:2014, International Performance Measurement and Verification Protocol, Core (oncepts

3 Terms and definitions

For the purposes of this document, the following terms anddefinitions apply.

3.1
baseline period
speclfic period of time before the implementation of energy performance improvement |action (3.8)
seledted for the comparison with the reporting period (3.19) and the calculation of energy sqvings (3.9)

[SOURCE: ISO/IEC 13273-1:2015, 3.3.85-modified — “energy performance” replaced|by “energy
savings” and deleted “and of energy performance improvement action”]

3.2
boundary
physjcal or virtual limit around energy using systems (3.11) or facilities which are related tg (an) energy
perfdrmance improvement action(s) (3.8)

Note|l to entry: ProjecEbpundary is a boundary around (an) energy performance improvement actidn(s) (3.8).

Note|2 to entry:. M&V boundary is a boundary which is affected by (an) energy performance |improvement
actiop(s) (3.8).

3.3
enerngy

capatityrofa svstem to nroduce external activity or to nerform work
p J J r J r

Note 1 to entry: Commonly the term energy is used for electricity, fuel, steam, heat, compressed air and other
like media.

Note 2 to entry: Energy is commonly expressed as a scalar quantity.

Note 3 to entry: Work as used in this definition means external supplied or extracted energy to a system. In
mechanical systems, forces in or against direction of movement; in thermal systems, heat supply or heat removal.

[SOURCE: ISO/IEC 13273-1:2015, 3.1.1]

© IS0 2016 - All rights reserved 1
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energy baseline
quantitative reference(s) providing a basis for comparison of energy performance (3.7)

Note 1 to entry: An energy baseline reflects a specified period of time.

Note 2 to entry: An energy baseline can be normalized using variables which affect energy use (3.10) and/or

consumption

(3.5) e.g. production level, degree days (outdoor temperature), etc.

Note 3 to entry: Energy baseline is also used for calculation of energy savings (3.9), as a reference before and after
implementation of energy performance improvement actions (3.8).

[SOURCE: I§

3.5
energy con
quantity of 4

Note 1 to enti
improvement

[SOURCE: IS

3.6

energy effi
ratio or oth
(3.3) and an|

EXAMPLE
operate/ener|

Note 1 to ent
[SOURCE: I§

3.7
energy per
measurable

Note 1 to ent
[SOURCE: I§

3.8

energy per
EPIA

action or md
to achieve 4
economic, o

[SOURCE: IS
3.9

O 50001:2011, 5.6]

sumption
bnergy (3.3) applied

y: Energy consumption can be quantified before/after or/and with/without any energy perfor
action (3.8).

0/1EC 13273-1:2015, 3.1.13, modified — the original Note 1 replaced by a new Note 1]

Ciency
er quantitative relationship between an output of petformance, service, goods or ej
input of energy

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

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

O/1EC 13273-1:2015, 3.4.1]

formance
results related to energy efficiency (3.6), energy use (3.10) and energy consumption (3.5

Fy: In this International-Standard, energy performance (3.7) is only for energy consumption (3.5

0/IEC 13273-1:2015/3.3.1, modified — added Note 1 to entry]

formance improvement action

asure,(or group of actions or measures) implemented or planned within a project inte
nergy performance (3.7) improvement through technological, management, behavic

nance

hergy

ed to

le.

—

nded
ural,

 other changes

050015:2014, 3.5, modified — “an organization” replaced by “a project”]

energy savings
reduction of energy consumption (3.5) compared to an adjusted energy baseline (3.4)

Note 1 to entry: Energy savings may be the result of implementation of an action(s).

Note 2 to entry: The energy baseline can be adjusted with routine adjustment (3.20) and/or non-routine
adjustment (3.15).

[SOURCE: ISO 17742:2015, 2.19, modified — added "adjusted” before “energy baseline”, notes 1 and 2

rewritten]
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gy use

manner or Kind of application of energy (3.3)

EXAMPLE Ventilation; lighting; heating; cooling; transportation; processes; production lines.

Note 1 to entry: Characteristics of energy use include, but are not limited to, the purpose of the use, source(s)
choice and application.

[SOU
3.11

RCE: ISO/IEC 13273-1:2015, 3.1.12]

enern
phys
EXAN
[SOU|

3.12

installation and commissioning period

spec
the ¢
desig

3.13
intej
signi
acti

Note
accoy

Note

EXAN
syste
consi

3.14
mea
M&V
proc
(3.7)

[SOU
3.15

gy using system
jcal items with defined boundaries (3.2), using energy (3.3)

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

RCE: ISO/IEC 13273-1:2015, 3.1.9, “system” deleted]

fic period of time during which the EPIA (3.8) is put in placefand inspection has b
quipment that is installed, including the operation procedures,to ensure that they coi
n intent of the EPIA

ractive effect
icant energy result occurring beyond the projéct (3.16) boundary (3.2) as a con
(s) within the project boundary

1 to entry: When implementing multiple EPIAs (3:8) within one project boundary, correctly id
nting for additive savings is important.

D to entry: “significant” is decided by the'Stakeholder.
(PLE Changing the lighting system to be more efficient type will have an interactive effec

m. [f the project boundary is the lighting system only, the interactive effect on the HVAC syst|
dered by choosing M&V boundary around the lighting and HVAC system.

surement and verification

bss of planning, measuring, collecting data, analysing, verifying, and reporting energy
or energy petformance improvement for defined M&V boundaries (3.2)

RCE: [S0.50015:2014, 3.13]

ben done on
hform to the

sequence of

entifying and

on the HVAC
em should be

performance

non-

outine ndjncfmpnf

adjustment made to the energy baseline to account for non-typical or non-predetermined changes
in relevant variables (3.17) or static factors (3.21), outside the changes accounted for by routine
adjustment (3.20)

Note 1 to entry: Non-routine adjustments may apply where the energy baseline no longer reflects current energy
use (3.10) or energy consumption (3.5) patterns, or there have been major changes to the process, operational

patte

rns, or energy systems.

[SOURCE: ISO 50015:2014, 3.16, modified — “unusual changes” replaced by “non-typical or non-
predetermined changes”]
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unique process consisting of a set of coordinated and controlled activities with start and finish dates,
undertaken to achieve an objective conforming to specific requirements including constraints of time,

cost and res

ources

Note 1 to entry: An individual project may form part of a larger project structure and may consist of two or

more EPIAs.

Note 2 to entry: The complexity of the interactions among project activities is not necessarily related to the

project size.

Note 3 to enf]
the energy co

Note 4 to en
commissione

Note 5 to ent

[SOURCE: IS0 10006:2003, 3.5, modified — added “and may consist of two or“more EPIAs.” at thq
of Note 1 tolentry, removed NOTE 2, NOTE 3 and NOTE 4, made NOTE 5 the‘new Note 2 to entry, 3
new Note 3 to entry, Note 4 to entry and Note 5 to entry]

3.17

relevant variable

quantifiablg factor that impacts energy performance (3.7) and rottinely changes

EXAMPLE Production parameters (production volume, production rate); weather conditions (ou
temperature|degree days); operating hours, operating parameters (operational temperature, light level).
[SOURCE: IS0 50015:2014, 3.18, modified — EXAMPLErewritten]

3.18

reported epergy savings

energy savin

3.19
reporting

defined perjod of time selected for'the determination and reporting of energy savings.

[SOURCE: I
performanc

3.20
routine adj
adjustment

ry: Energy savings (3.9) is the quantitative result as the project activities bring about reduct
nsumption (3.5) of energy using systems (3.11) within the project (3.16) boundary (3.2).

try: New project is a project involving an energy using system that has not been.install
d, such that the project cannot be considered and treated as a retrofit.

Fy: Retrofit project is a project conducted on an already existing energy using/system.

gs (3.9) reported as a result of the’M&V (3.14) process

eriod

0 50006:2014, 35, modified — “calculation” replaced by “determination” and “ey
" replaced by“energy savings”]

ustment
made'to the energy baseline (3.4) to account for changes in relevant variables (3.17) accol
rmined method

on in

ed or

e end
dded

tdoor

ergy

rding

to a predete

Note 1 to entry: The predetermined method could be based on reporting period (3.19) conditions or any other
referenced conditions.

Note 2 to entry: The term “normalization” is used in ISO 50006:2014 to refer to this concept; see Reference [4].

[SOURCE: IS
3.21

050015:2014, 3.20, modified — note 1 deleted and new notes 1 and 2 added]

static factors

identified fa

EXAMPLE 1

ctor that impacts energy performance (3.7) and does not routinely change

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

or type of occupants, range of products.

mber
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EXAMPLE 2 A change in a static factor could be a change in a manufacturing process, raw material from
aluminium to plastic, and can lead to a non-routine adjustment (3.15).

[SOURCE: ISO 50015:2014, 3.22]

4 Concept of energy savings of a project

Energy savings are the difference between the energy consumption during the baseline period adjusted
with routine adjustments and/or non-routine adjustments (adjusted energy baseline) and the energy
consumption during the reporting period.

The ¢nergy savings are expressed by Formula (1).

E. =E —E, (1)
where

Es isthe energy savings;
E, isthe adjusted energy baseline;
k- is the energy consumption during the reporting period,

Figure 1 shows the energy savings as hatched area between the adjusted energy baseline and the
energy consumption during the reporting period.

A

Energy baseline (energy Adjusted energy baseline |
consumption during baseline e\

iod) N\
iy <N\

Energy savings

Energy consumption
during the reporting
period

Energy consumption

A 4

) ) Installation and
[&—— Baseline period —— > commissioning —PT&— Reporting period ———

I
pertou

Time

Figure 1 — Demonstration of energy savings of projects
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5 Procedure of M&V of energy savings

5.1 General

Activities of M&V of energy savings of a project should follow the procedure as shown in Figure 2.

a) Preparation of M&V plan.

The preparation of M&V plan mainly consists of four activities as follows:

1) M&V boundary identification;

2) det
3) seld
4) det
The pr{
identifi
become

b) Establif

c) Determ
variable

NOTE
based o7

d) Installa
commig
in M&V

NOTE
although

e) Determ
data co
reportij

f) Determ
the non

g) Report

5.2 Logic

ermination of baseline and reporting period;
ction of calculation method for M&V;
ermination of specification of data collection and uncertainty of result.

pparation of M&V plan is a dynamic cycle starting from and ending at 1) boun
fation, all these four activities are iterative until all the outputs of ‘activities 2), 3) al
technically feasible and accepted by the project stakeholders within'the selected boun

hment and documentation of M&V plan.

nation of energy baseline, including metered and operational data collection of relg
s in baseline period, and analysis of the energy baseline, documentation of energy bas

Analysis of the energy baseline may include develdpment of a model (ratio-based, statis
engineering-based, etc.).

fion and commissioning, including the\-design, installation and deployment,
sioning of the project and including metering system for M&V of energy savings if reqs
plan.

Design, installation and commisSigning are not necessarily performed by the M&V profes
input on measurement systems can be included in the M&V report.

ination of energy consumption in reporting period, including metered and operat
lection of reporting period, documentation and analysis of the energy consumpti
1g period.

nation of energy-savings, including analysis of adjusted energy baseline, determinati
routine adjustment and uncertainty of energy savings according to the M&V plan.

br verification of the determined energy savings.

al. relationship between the M&YV and the project implementation

dary
d 4)
dary.

vant
pline.

tical-

and
hired

ional

ional
bn of

on of

The implementation of a project is the premise of M&V of energy savings. The key steps of M&V should
be implemented by following the corresponding key steps of project implementation as shown in

Figure 2.

© ISO 2016 - All rights reserved
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Key steps of project

implementation Key steps of M&V

a) Preparation of M&V Plan
Project identification

Determination of
specification of data
collection &
uncertainty of result

Boundary
identification

Selection of
calculation
method

p JEp—

b) Establishment and documentatiomof.M&V
plan

Determination
of baseline period and
reporting period

Feasibility study/Energy
auditing of project

Approval of project

Detailed design of project

c) Determination of energy baseline

Project construction
and operation

C onstruction, installation
and deployment

Commissioning

Completion acceptance

Operation and

maintenance d) Installation and commissioning
| 99)| 1
} e) Determination of energy consumption of

reporting period

f) Determination of energy savings

g) Report or verification of the determined
energy savings

Figure 2 — Demonstration of the logical relationship between the M&V and the project
implementation

For a new project, calibration of simulation should be done after the installation and commission (see
6.4.4.2).

© IS0 2016 - All rights reserved 7
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6 Measurement & verification plan (M&YV plan)

6.1 General

The content

a) M&Vbo

s of M&V plan should include the following.

undary and project boundary

The geographical description of the M&V boundary and project boundary and the list of all the
facilities and equipment within these boundaries should be recorded.

b) Baselin

The defd
baseling

c) Reporti
The des
d) Calculat
Calculat
e) Specifig

For the
the exis
of requi
period

accurac
procedy
selecteq

CRN |
[ PCI'IOU

cription of selected baseline period including the energy use and energy consumpti
e period should be recorded.

hg period

cription of selected reporting period should be recorded.

ion method of energy savings

ion method of energy savings should be selected and recorded.
ation of data collection

ralculation method of energy savings selected as 6.4.2'or 6.4.3, the M&V plan should idg

red data. For each metering data source, the M&V plan should specify the data colle
ind frequency, sampling principle and proeedure, metering instruments including 1
y and meter range, meter reading protocoly procedure of meter commissioning, calibr
re and method of dealing with lost data. For the calculation method of energy say

as 6.4.3, the related information sheuld be clarified including the estimated values

uncertalinty of the relevant variables whichicannot be measured.

f) Simulat

For the
clarifieq
copy of
means

conditiq
data ad

The ado
The sin

jon

calculation method of energy savings selected as 6.4.4, the related information shoul
| including the namesand version of simulation software, the hard copy and the elect
the input and outpuit-files, the assumptions adopted in the software, the data acquis
measured or estimiated), the acquisition process of measured data, calibration period
n, and the required calibration accuracy between the simulation results and the er
ppted for calibration.

ption ef:the simulation model should be agreed by the project stakeholders.

hulation calculation method and conditions should be shared with the key pn

bn in

ntify

ting and additional data sources, including meteritfg points and other non-metered sofirces

ction
heter
htion
yings

and

Id be
ronic
ition
| and
ergy

oject

stakeholdets

g) Uncertainty

The M&V plan should address the expected accuracy of the results of conducting M&V by explicitly
considering sources of uncertainty taking into account the specific situation of the project.

6.2 Boun

dary identification

The M&V boundary should be selected so as to ensure that interactions related to the project are
included. The M&V boundary may differ from the boundary of the project and may include the facilities,
systems and equipment affected by EPIA(s) implemented within the project. The M&V boundary may
include measurements or calculations required to determine interactive effects of the implementation
of the project.

© ISO 2016 - All rights reserved
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The project boundary can be drawn around individual EPIA(s) if it is considered that there will be no
interactive effects with other facilities, systems or equipment. In this case, the M&V boundary is the

project boundary.
a) All the facilities, systems and equipment affected by EPIAs should be included within the M&V
boundary.
b) According to the purpose of the project, the boundary could take various forms.
1) Ifthe purpose of the project is to improve the energy performance of the equipment, the project
boundary should be drawn around that equipment.
2) If the purpose of the project is to improve the energy performance of the total| facility, the
project boundary should be drawn around that total facility.
6.3 | Determination of baseline period and reporting period
6.3.1 General
The determination of baseline period and reporting period should ‘bte’recorded and agreed by the
projéect stakeholders.
The $election of baseline period and reporting period should €nsure that the M&V plan i§ technically
and financially feasible.
6.3.21 Baseline period
The time span of the baseline period should be of\sufficient length which reflect the typical energy
conspiimption pattern of the energy using system‘@atfected by the project.
EXANIPLE1  For the weather-sensitive projects,Je.g. the commercial or office building, of which enjergy use and
energdy consumption are significantly affected by the whole cycle of weather, a period of one year is cojnmonly used.
EXANPLE 2  For the weather-sensitive projects, e.g. the central heating system, the skiing resort, the open pit
mining, etc., of which energy use and.energy consumption are significantly affected by season change, a period is
commonly selected on a seasonal basis.
EXAMPLE 3  For the weather-insensitive projects, e.g. industrial facilities, of which energy usg and energy
consymption are closely related to the production process, a whole production cycle is commonly ufed.
6.4 | Calculationémethods of energy savings
6.4.1 General
As shown\in Table 1, there are three calculation methods of energy savings to be s¢lected. The
description of these methods is shown in the following clauses.
© IS0 2016 - All rights reserved 9
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Table 1 — Three calculation methods of energy savings

Method Description Typical Application
option New Retrofit Typical examples
project project
I: Direct To determine energy savings — The previous equipment is left as
comparison |when the energy performance a backup and can be switched from
improvement action (EPIA) can the new equipment.
be turned on and off without af- . . .
fecti . — In-service trials, e.g. of tyre infla-
ecting the energy using systems . .
. tion procedures for a trucking fleet.
or equipment. v
NOTE—Thisethod mmay be pel-
mitted when there is no relevant
variable (for example, ex¢hangg
of an electric light). Howewver, it|is
not suitable for M&V.of'a boiler|or
facilities.
II: Adjusted | |— Applicable to most of retrofit — Change of operational procefs
calculation | |projects. (e.g. changifg)the procedure of
— To establish the relevant heating Ragiern, changing sequcnce
model between baseline period '
energy consumption and its rele- —dmplementation of a number|of
vant variables through engineer- different EPIAs within the projéct,
ing or statistical analysis and v such as insulation, energy efficient
then use this model to estimate boiler, improved maintenance.
the energy consumption under
the reporting period condition
if there were no energy perfor-
mance improvement action, that
is, the adjusted energy baseline
consumption.
[1I: Calibrateld | The simulation calculation is — New facility.
simulation applicable where — Building energy simulation,
— baseline energy data doesnot — Industrial process simulatioh
exist or is unavailable, and v v P '
— reporting period enetrgy‘data
is unavailable or obseured by fac-
tors that are difficult-to quantify.
6.4.2 Method I: Directcomparison
The direct comparisénymethod can be used to determine energy savings when
— the EPIAs can’be turned on and off without affecting the energy consumption of other systerns or
equipment;

no relevant variable is found, and

Direct comparison method should be carried out with the following procedure.

EXAMPLE

relevant variables or static factors in the periods involved in the direct comparison are similar.

Comparison under the similar temperature in the same season and similar operating time. (In
this case, temperature is corresponding to relevant variable and operating time is corresponding to static factor.)

a) Setthe ON/OFF testing period with equivalent period and typical conditions.

EXAMPLE

Certain Tuesday for the on test and next Tuesday for the off test.

b) Measure the reporting period energy consumption: measure the energy consumption within the
M&V boundary in reporting period when EPIAs are on or activated.

10
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c) Calculate the adjusted energy baseline: measure the energy consumption within the M&V boundary
under typical operating conditions in reporting period when EPIAs are off.

d) Calculate energy savings by following Formula (1) (see Clause 4).

When using Method [, the E; in Formula (1) equals to the energy consumption under the condition of

EPIA

NOTE

(s) being turned off.

degree of measurement.

6.4.

MethedH-Adjusted-baseline-caleulation

Method I can be applied to Option A, B and C in EVO 10000-1:2014 with varying M&V boundary and

6.4.3

The

varig
over
recoj

TETITY TET TXCEjer

.1 Energy baseline

ata of energy baseline includes energy consumption data over a defined period of ti
bles and static factors. The energy baseline is the starting point for determination of en
time and should be determined before the EPIA(s) are applied to the project. Sufficie
"ds, static factors and test data related to relevant variables should.be)obtained in bag

clude the quantitative relationships between the energy consumption of the energy y

to co
and il?s relevant variables, given the requirements of the stakeholders:

me, relevant
Prgy savings
Nt operating
eline period
sing system

EXANMPLE 1 In case of new construction project such as the installation of a higher efficiency condensing
boilef, the energy baseline may be established based on the energy performance of a reference|boiler which
compllies with the minimum energy performance standard.
EXANPLE 2  The energy baseline may be the energy perfofimance of a compressor without a variaple frequency
drive| (VFD) when the project involves adding a VFD.
6.4.3.2 Establishment of “Baseline period énergy consumption — Relevant variables” model
Releyant model between baseline period_energy consumption and its relevant variablegs should be
established through engineering or statistical analysis as Formula (2):

Fb:f(xlaxza"'xi) (2)
where

ky is the baseline period energy consumption;

X; is the value'of relevant variables in baseline period;

/i is the\function with a set of relevant variables and Ey,.
NOTH 1 ~\ _Relevant variables usually include climatic factors (such as indoor and outdoor temperature),
opergtig factors (such as production, capacity utilization, and hotel occupancy rate), etc. 1

NOTE 2

degree of measurement.

6.4.3.3 Non-routine adjustments

Method II can be applied to Option A, B and C in EVO 10000-1:2014 with varying M&V boundary and

The non-routine adjustments of baseline period energy consumption to reporting period conditions are
needed where a significant change occurs to energy using system, static factors or operations within
the M&V boundary.

EXAMPLE

A manufacturing-department was established on a floor which was not previously being used.

This increased the energy consumption of the facility; therefore, an adjustment is required to the energy baseline
to reporting period conditions.

© ISO

2016 - All rights reserved
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Careful and detailed determination of the M&V boundary can limit the need for adjustments.
Examination of asset management or equipment replacement schedules could also identify changes in
static factors that might need adjustment.

6.4.3.4 Calculation of adjusted energy baseline

The adjusted energy baseline is calculated by Formula (3) by using the values of relevant variables of
the reporting period in Formula (2).

1

E, = f(x % x)+a, 3)
A =9V, Y9 V) 4)
where

x is the value of relevant variable in reporting period;

Ap is the non-routine adjustments of the baseline period energy consumption to reporting period
conditions;

yi s tIe value of static factor in reporting period;

g s the function with a set of input (y1, y2, ...yi) and Ap,.

In reporting period, the value of relevant variable, x', ,is obtained through measurement or estimgtion.
1

Values assumed for unmeasured variables, the adjustment method and assumption should be agreged to
by the projert stakeholders and documented.

NOTE Examples of non-EPIA related static factoris shown in 3.21.

6.4.3.5 C3lculation of energy savings

Energy savipgs should be calculated-by Formula (1) (see Clause 4).
6.4.4 Method III: Calibrated simulation

6.4.4.1 General

Method III involves using or developing a software simulation that can calculate energy consumption
using inputs of relevant variables such as weather data and/or operating conditions within the [M&V
boundary. The.simulation software that reflects specific conditions is called the simulation model. The
following two-simulation models are used:

— baseline period simulation model: the simulation model that does not include EPIA;
— reporting period simulation model: the simulation model that includes EPIA.

A simulation model has parameters to be set (e.g. area of the floor, operation schedule of facilities,
performance of energy using equipment, insulation performance of buildings, location of the facility).

NOTE1 Simulations can be performed using a range of software platforms, from simple mathematical
simulation models to systems with Computer Aided Design (CAD) or graphics capabilities, etc. and can be static
or dynamic depending on the circumstances.

NOTE 2  Method III can be applied to Option D in EVO 10000-1:2014.
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The

NOTE 3

Thesle can occur in the case where measurements are complex and/or entail high eosts.

The

6.4.4.2 Calibration

The

results fit to the actual-energy consumption within the M&V boundary; therefore, calibr
be done to the simulatieni model by comparing the simulation results to the calibration da
meagured energy data'and relevant variables.

The
and

The

a)
b)

d)

ISO 17741:2016(E)

simulation calculation is applicable where
baseline energy data are not sufficient for the Method I,
reporting period energy data are not sufficient for the Method II, and

Method I (see 6.4.2) and Method II (see 6.4.3) are not suitable.

data of energy consumption and relevant variable are unavailable;

gccuracy of measurements is not as specified in the agreement between stakeholders.

following points should be considered when using simulation calculation/

ixcept for the baseline period simulation model of new facilities or eqiipment, the simu
fhould be checked in advance to ensure the consistency between.energy consumptio
data and measured data.

INOTE1  For new systems, calibration might be possible by using data and measurements f
¢xisting plant;

[he simulation condition (including survey data and the' metering or monitoring data uj
Ilput values), result and details of the model (incliding the model version and model {
e documented.

.

INOTE2  Certain details (model, type, versionyétc.) can be found in Reference [1];

xcept for the baseline period simulatioimodel of new facilities or equipment, a simu

- L

vell enough to be accepted by the project stakeholders.

accuracy of energy sayings calculated through simulation model depends on how well th|

brocedure. of calibration is as shown in Figure 3. The whole process of calibration go
¢rror untilthe simulation results meet the required calibration accuracy.

The examples of the case where baseline energy data are not sufficient for the Method Il are as follows:

ation model
n simulation

Ffom a similar
ed to define

ype) should

ation model

hould be calibrated so that it predicts the energy performance that matches actual metered data

e simulation
hition should
ta including

bs with trial

1nain content of simulation is as follows:

Define and document the simulation model
Collect calibration data
Calibration data can be obtained from the operation logs, measurement to the existing

Assume or measure input parameters to the simulation model

facility, etc.

The input parameters obtained by means of assumption should be well accepted by the project
stakeholders and actually widely used in the relevant project, such as the assumption of the annual

operation hour of power plant or lighting system, etc.

Run simulation model

© ISO 2016 - All rights reserved
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e) Verify the consistency between the simulation results and the measured energy data

The difference between the simulated energy results and the measured energy data used as
calibration data should meet the calibration accuracy required by the stakeholders in the M&V
plan, if not, return to step c) and revise the assumption to input parameters.

NOTE If there is no final agreement reached among stakeholders regarding the calibration results, then go
back to a).

a) Define and document the
simulation model

A\ 4

b) Collect calibration data

\ 4

c) Assume or measure input
parameters to  simulation
model

Y

A 4

d) Run simulation model

NG

e) Verify the ¢ohsistency
between simulation
results , and measured
energy data

OK (Meet the calibration
accuracy requirement)

Finish

Figure 3 — Procedure of calibration

6.4.4.3 Cgqlculation

Simulation ¢alculation can be used to calculate the energy savings by involving the use of computer
simulation $oftware to predict the energy consumption for both of the terms in Formula (1) (see
Clause 4). Ifthereisactual-dataonthe baseline period-energyconsumptionerreportingperiod-edergy

consumption, Ay, can be calculated by simulation software according to the agreed conditions.

NOTE Calibration is not necessary where it is not required to achieve the calculation accuracy agreed with
the project stakeholders in the M&V plan, or in cases where calibration is not applicable such as for some new
facilities.

6.5 Specification of data collection
Specification of data collection includes the following:
a) Datatypes

Different types of data should be collected for M&V, mainly including the following:
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