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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.
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Introduction

The purpose of this International Standard is to establish a common set of principles and guidelines
to be used for measurement and verification (M&V) of energy performance and energy performance
improvement of the organization. M&V adds value by increasing the credibility of energy performance
and energy performance improvement results. Credible results can contribute to the pursuit of energy
performance improvement.

This International Standard can be used irrespective of the type of energy used.

This

— Dby organizations with or without existing energy management systems, such as ISO\500001;
— flor the M&V of energy performance or energy performance improvement;
— {for all or part of an organization.

This|International Standard can be used by organizations of any size,)M&V practitioners, or any
interlested parties, in order to apply M&V to the reporting of energy performance results. T;te principles
and guidance in this International Standard can be used independently or in conjunction with other
stanglards and protocols. The principles and guidance in this International Standard are notjrequired by
[SO 50001, but can be applied by organizations using ISO 500041,

This|International Standard does not specify calculationimethods; rather, it establishes a common
unddrstanding of M&V and how M&V could be applied to different calculation methods. These principles
and guidelines are applicable irrespective of the M&V.niethod used.

Anndgx A provides an overview of the M&V flow that is used throughout this International Standard.

This|International Standard is one of a familyyof International Standards developed by ISOfTC 242 and
ISO/TC 257, on energy management and on the’evaluation of energy savings related to regions and projects.
Both|ISO/TC 242 and ISO/TC 257 address.organizational energy management and energy sayings.

© IS0 2014 - All rights reserved v
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Energy management systems — Measurement and
verification of energy performance of organizations —
General principles and guidance

1 Scope

This [nternational Standard establishes general principles and guidelines for the process ofjeasurement
and verification (M&V) of energy performance of an organization or its components. Fhis Ihternational
Stanflard can be used independently, or in conjunction with other standards or proteocols| and can be
applied to all types of energy.

2 Normative references

Therk are no normative references.

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

3.1
baseline period
specific period of time used as the reference for. ¢comparing with the reporting period (3.19)

Note [l to entry: Use for comparing energy perforimance and the calculation of the energy performange (3.9) and of
the emergy performance improvement action (3L5).

3.2
consequential effect
indirect energy effect (3.3) or nen~energy effect (3.4)

3.3
indirect energy effect
effect on organizationalenergy performance (3.9) beyond the direct effect of the energy performance
imprpvement action (3:5)

EXANMPLE Théreduced load on the cooling system due to the improved efficiency of the lighting system
resulting in anindirect energy effect.

3.4
non-energy effect
effect of implementing energy performance improvement actions (3.5) thatis additional to the energy impact

EXAMPLE As aresult of the installation of a more efficient washer, less water is needed resulting in a water
non-energy effect.

Note 1 to entry: The M&V objective defines to what extent non-energy items that result from energy performance
improvement actions are considered.

3.5

energy performance improvement action

EPIA

action or measure or group of action or measures implemented or planned within an organization
(3.17) intended to achieve energy performance improvement (3.10) through technological, managerial or
operational, behavioural, economical, or other changes

© ISO 2014 - All rights reserved 1
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3.6
energy

:2014(E)

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

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

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

[SOURCE: IS
3.7

050001:2011, 3.5]

energy bas
quantitative

Note 1 to ent

Note 2 to ent
and/or eneryg|

Note 3 to ent
implementat

[SOURCE: IS

3.8
energy con
quantity of 4

[SOURCE: IS

3.9
energy per
measureabl

Note 1 to ent}
(3.17) energy

Note 2 to ent
[SOURCE: IS

3.10
energy per
improveme

t
(3.8) compalt‘ed to the.energy baseline (3.7)

3.11

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

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

y consumption (3.8), e.g. production level, degree days (outdoor temperature),etc.

y: The energy baseline is also used for calculation of energy savings, as a-reference before and|
on of energy performance improvement actions (3.5).

0 50001:2011, 3.6]

sumption
pnergy (3.6) applied

0 50001:2011, 3.7]

formance
e results related to energy efficiency,energy use (3.12) and energy consumption (3.8)

y: In the context of energy management systems, results can be measured against the organizd
policy, objectives, targets and other energy performance requirements.

Fy: Energy performance isrone’component of the performance of the energy management systq

0 50001:2011, 3.12]

formance iniprovement
in measutable results related to energy efficiency, energy use (3.12) or energy consum

Fy: An energy baseline can be normalized for relevant variables (3.18) which affectenergy use (3.

tion’s

m.

ption

energy per

formance indicator

EnPI

quantitative value or measure of energy performance (3.9), as defined by the organization (3.17)

Note 1 to entry: EnPIs (3.11) could be expressed as a simple metric, ratio or a more complex model.

Note 2 to entry: For the purposes of this International Standard, a quantitative value or measure of energy

performance
[SOURCE: IS

3.12
energy use

developed by the M&V practitioner (3.15) is referred to as an energy performance metric.

050001:2011, 3.13, modified - Added Note 2 to entry.]

manner or kind of application of energy (3.6)

EXAMPLE

2

Ventilation; lighting; heating; cooling; transportation; processes; production lines.
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RCE: IS0 50001:2011, 3.18]

measurement and verification
M&V
process of planning, measuring, collecting data, analysing, verifying, and reporting energy performance

(3.9)
3.14

or energy performance improvement (3.10) for defined M&V boundaries (3.14)

M&V boundary
organizational, physical, site, facility, equipment, systems, process or activity limits within which energy

perfi

3.15
M&V,
indiv

Note

3.16
non-
adjug
or st

Note
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practitioner
idual or team that performs measurement and verification (3.13)

1 to entry: The Spanish equivalent is “profesional en M&V” or “experto en M&Y:

routine adjustment
tment made to the energy baseline (3.7) to account for unusual(changes in relevant van
itic factors (3.22), outside the changes accounted for by routine adjustment (3.20)

1 to entry: Non-routine adjustments may apply where the energy baseline no longer reflects ¢

use (8.12) or energy consumption (3.8) patterns, or there have.been major changes to the process
pattefrns, or energy systems.

3.17

organization

coma;tlany, corporation, firm enterprise, authority or institution, or part or combination ther
incofporated or not, public or private, thathas its own functions and administration and
authprity to control its energy use (3.12) and energy consumption (3.8)

Notell to entry: An organization can be a person or a group of people.

[SOURCE: I1SO 50001:2011, 3.22

3.18

releyant variable

quantifiable factor thatimpacts energy performance (3.8) and routinely changes

EXANPLE Weathér conditions; operating conditions (indoor temperature, light level); wd
prodiiction throughput.

3.19

repdrting'period

repartperiod

iables (3.18)

Lirrent energy
, operational

bof, whether
that has the

rking hours;

defined period of time selected for calculation and reporting of energy performance (3.9)

3.20

routine adjustment
adjustment made to the energy baseline (3.7) to account for changes in relevant variables (3.18) according
to a predetermined method

Note

© ISO

1 to entry: ISO 50001 uses the term “predetermined method” to refer to this concept.

2014 - All rights reserved


https://standardsiso.com/api/?name=366bfaf6253cac22dd7fdbfa22ca609c

ISO 50015:2014(E)

3.21

significant energy use

energy use (3.12) accounting for substantial energy consumption (3.8) and/or offering considerable
potential for energy performance improvement (3.10)

Note 1 to entry: Significance criteria are determined by the organization (3.17) or the M&V practitioner (3.15).
[SOURCE: ISO 50001:2011, 3.27, modified — Added “or the M&V practitioner” to Note 1 to entry.]

3.22
static factor
identified fa,

EXAMPLE 1 | Facility size; design of installed equipment; the number of weekly production shifts; the.number
or type of ocqupants, range of products.

EXAMPLE 2 | A change in a static factor could be a change in a manufacturing process raw material,|{from
aluminium td plastic, and can lead to a non-routine adjustment (3.16).

4 Measurement and verification principles

4.1 General principles

These prindiples are the basis for the subsequent guidance on.the M&V of organizational erergy
performance and energy performance improvement. Principles’are not requirements rather, these
principles should guide decisions made in both planned and unanticipated situations.

The purpos¢ of M&V is to provide confidence to interested parties that reported results are credible.
The following principles (described in detail in 4.2 to 418) should be addressed:
— appropriate accuracy and management of ungertainty;

— transpalrency and reproducibility of M&V process(es);

— data mgnagement and measurementplanning;

— competence of the M&V practitioner;

— impartiplity;

— confidentiality; and

— use of appropriate,methods.

4.2 Apprppriate accuracy and management of uncertainty

Uncertainty of results, Including measurement accuracy, needs to be managed to an appropriate level for
the purpose of the M&V. A clear statement regarding the accuracy of results and steps taken to mitigate
uncertainty should be included in the reported results.

4.3 Transparency and reproducibility of M&V process(es)

An M&V process should be documented to ensure transparency and traceability of the process. The
entire M&V should be documented in a manner that ensures reproducibility, which contributes to
confidence in the M&V result.

NOTE When the data are confidential, transparency can be limited for some interested parties.

4 © ISO 2014 - All rights reserved
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Data management and measurement planning

The M&V process should include information on how the data will be managed during the M&V activities.
Data management includes (but is not limited to) the means to store, backup, maintain and secure the
data. The M&V process should also include information on measurement planning such as location,
frequency, and installation of meters or sensors. These issues need to be included in the documentation.

4.5

Competence of the M&YV practitioner

Competence of the M&V practitioner contributes to confidence in the results reported. The M&V
practitioner will meet relevant legal, regulatory, certification or other requirements for the M&V

proc
M&V]
prac

4.6
Imp4g
part)
the i
inter]

4.7

Any
prac
prac

plan
that

4.8

The ]
reas

5

5.1

Ther]

Measurement and-verification plan

1. Establish and documentan M&V plan (see 5.2 to 5.13): the M&V plan is the document th

pss. The organization requesting the M&V may define competency requirements. In 4
practitioner should declare their competence with regards to the provided M&V-se|
itioners should work within their field of expertise and comply with appropriate eode

Impartiality

rtiality contributes to confidence in the reported results. Impartiality does not r¢
y independence. The M&V plan as well as the M&V reports should-contain a statemg
mpartiality of the M&V practitioner. The interested parties should formally disclose ar
est before starting activities or as they arise during the M&V process.

Confidentiality

confidential information necessary to perform the M&V should be made accessible
itioner. If information necessary to perform :the  M&V cannot be made available
itioner due to confidentiality requirements, the M&V practitioner should highlight thi
and details of any restrictions that may affeet the M&V result. The M&V practitioner sH
ronfidentiality is maintained.

Use of appropriate methods

&V method as well as the calculation methods selected should follow established good p
ns for selecting the M&V methed and calculation methods should be clearly described in t

General

e are sixfundamental steps in the M&V process which are specified in the M&V plan:

lrow each phase of the M&V should be performed.

11 cases, the
rvices. M&V
s of ethics.

bquire third
nt outlining
y conflict of

to the M&V
to the M&V
b in the M&V
ould ensure

ractices. The
he M&V plan.

atdescribes

2. Data-gathering (see 6.1).

3. Verify the implementation of EPIA(s) if any (see 6.2).

4. Conduct M&V analysis (see 6.4).

5. Report M&V results and issue documentation (see 6.5).

6. Review the need to repeat the process, as necessary (see 6.6).

Repeat the steps 1 to 5 of the M&V process, as determined in step 6. The sequence of these six basic steps
is illustrated in Figure 1. The M&V plan is outlined in 5.2 to 5.13.

© ISO
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M&V Plan _ . _Additionaldataforanalysis___ ~ M&V Implementation

Establish and Verify the Conduct Report M&V
document Data gathering implementation M&V analvsis results and
the M&V plan of EPIA(s) if any Y documentation

J

Repeat as necessary (See Annex A for additional detail)

Figure 1 — Fundamental steps in the M&V process

5.2 Scope¢ and purpose

The scope and purpose of the M&V plan should describe:

a) the orgdnization for whom the M&V is undertaken;

b) reason(f) for carrying out the M&V;

NOTE 1| Understanding the reason(s) for performing the M&V 1s;important in selecting the methodqused
as well als the levels of accuracy required.

EXAMPHE1  The reason(s) for carrying out the M&V could be for quantifying improvements in ehergy
performpnce, for financial repayments, to comply with@equirements for subsides or grants, for tayation
purposep, for corporate social responsibility, etc.

c) partiesresponsible for the M&YV, their roles and relationship to the organization, consistent with the
principle of impartiality (see 4.6);

d) confidentiality requirements (see 4.7);

e) parties who will receive the results;

f) anyidentified legislative orother requirements, including additional standards with which the|M&V
process|should comply;

g) summary of the physieal scope of M&V (see 5.4), including if the M&V in question is applicable tio the
whole of part of the’organization: if it applies to a part of the organization, the scope should specify
which part of the\erganization;

h) whatis peing measured and verified, including energy performance metrics, EnPI(s) or EPIA(S);

i) potential consequential effects;

NOTE 2  The list of such effects can be provided in the scope with reference to uncertainty (see Clause 7).

j)  M&V method used;

k) summary of the data to be collected and analysed, including the type and frequency;

EXAMPLE 2 Type of data can include estimated data, measured data, utility data, etc.

1) applicable accuracy or uncertainty requirements to be met;

m) frequency (e.g. monthly, quarterly, annually) and format of M&V reports;

n) process, if any, for updating the M&V plan;

6 © ISO 2014 - All rights reserved
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o) confirmation that the M&V scope is within the capability of the M&V practitioner, conforming with
the principle of competence of the M&V practitioner (see 4.5).

5.3 Energy performance improvement actions

This section of the M&V plan should describe the various EPIAs, if any, that have an impact in the
defined M&V scope and timeframe, and should therefore be measured and verified. This section should
be described in sufficient detail, as listed below, to ensure that any other competent M&V practitioner
would be able to assess that the M&V process used was appropriate:

— description of each of the EPIA(s), including the baseline(s) for M&V;

— how or why implementing the EPIA(s) is expected to contribute to maintaining\6r improving
nergy performance;

— ¢xpected improvement or maintenance in energy performance resulting from-the implementation
fthe EPIA(s);

— designation of responsibility for implementing the EPIA(s);
— how the EPIA(s) will be implemented;

— timeframe and sequence for implementation of each EPIA;
— location where the EPIA(s) will be implemented;

— EPIA(s) costs, if relevant to the M&V objectives;

— lhow implementation of the EPIA(s) will be physically verified;

EXAMPLE1 Boilers 1 and 2 will be replaced with more efficient boilers; physical inspection with
Ihotographs will confirm installation.

escription of consequential effects;
— identification of which consequential effects will or will not be quantified in the M&V;

EXAMPLE 2 The consequential effect might not be quantified is it cannot be determined or has little effect
n the M&V results.

— dlescription of the potential implication of consequential effects not qualified.

5.4 | M&V boundaries

The thoice of M&V boundaries is often determined by a number of considerations, includjing (but not
limited to) the scope and purpose of the M&V, the nature of the EPIA (s) to be measurgd, choice of
calcylation and M&V method (see 5.8).

M&V Tam be appiicabte to the organization as a whoie or to a part of the organization. Accordingly, M&V
boundaries should be drawn around the organization as a whole or part of the organization.

In situations where an energy baseline needs to be established, systems, processes or equipment with
a significant energy use within the scope of the M&V should be determined and should be included as
part of the energy baseline and any subsequent quantification of energy performance. In cases where any
significant energy use has not been included, the M&V practitioner should note the reason for this omission.

NOTE1 Systems, processes or equipment whose energy performance is found neither to affect nor be
affected by the EPIA a can be removed from the M&V boundaries in order to simplify the M&V process. However,
consequential effects need to be considered when determining which elements are not affected by the EPIA or
energy performance.

© ISO 2014 - All rights reserved 7
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NOTE 2 M&V boundaries need not be physical boundaries, provided that it is possible to clearly describe the
boundary and that it is possible to measure relevant variables and static factors, as well as significant energy
use affecting energy consumption inside the boundary. For example, M&V boundaries might be drawn around a
vehicle fleet.

The M&V plan should clearly describe and document the M&V boundaries, including the relevant systems,
processes or equipment. A statement should be made by the M&V practitioner outlining the reasons for

choosing the M&V boundaries and the impact of these choices on uncertainty (see Clause 7).

5.5 Preliminary M&V plan assessment

The prelimi
be used in tl

a)

develop
energy
enable {]

b) identify]

capture
identifyj]
identifyj
identify|

f) identify

ANAQYLL 1 dan P, | 1 1ol s - Ll de e | b= -
Idl'y VIV PIdll dSSTSSIHITIILLS a4 TTTgHTITVETNTUTIILITIUAUIUIT U UIHIT S Yy STTLILS, Udld dITU T4t I

ne M&V process. The preliminary M&V plan assessment includes the following:

and document the current energy uses, facilities and equipment characteristics,as wi
fonsumption patterns within the M&V boundaries: this understanding should.Be'sufficig
he M&V practitioner to select an appropriate M&V method and calculationmethod (see

and document an appropriate and representative period of time forconducting M&V
s the range of operating conditions;

the data needed for the data-gathering plan (see 5.9);
the data needed for the energy baselines and their maintenance (see 5.10);
the availability and quantity of the energy data and, if necessary, the need for additional

the equipment and other resources necessary toperform the M&V.

5.6 Characterization and selection of energy performance metrics including EnPlIs

5.6.1 Gen

Energy perf|
metrics is sd
M&V objecti

5.6.2 Cha

Characteriz
and unit of
complex mo|
performanc
the organiz:

EXAMPLE 1

eral

brmance of the organization is measured by energy performance metrics. Quantifying {
metimes the purpose of the M&V. Energy performance metrics may be used to support
ves. Energy performance metrics defined by the organization are termed EnPIs (see 3|

racterization of enefgy performance metrics

htion of each eneérgy performance metric or EnPI should include a definition, descrij

measure. Characterization of energy performance metrics based on ratios or
dels should-ificlude the mathematical equation(s) or specific steps to determine the er
e metricCWhen M&V is conducted for an EnPI, the characterization should be obtained
ition.

Value-based energy performance metrics include total energy consumption per month (in |

nls to

bl as
ntto
5.8);

that

data;

hese
bther
).

tion,
more

ergy
from

kWh),

total monthly

EXAMPLE 2
as total mont

EXAMPLE 3

1 s 1 Lot Y
PTOUULLIUIT VUTUTITC(TITTUTIITTS .

Ratio-based energy performance metrics include specific monthly energy consumption calculated

hly energy consumption (in kWh) divided by total monthly production (in tonnes).

Model-based energy performance metrics can be derived from linear or nonlinear regression
models, etc. For additional information on EnPIs and energy baselines, see ISO 50006.

Based on the results of preliminary M&V plan assessment (see 5.5), the M&V practitioner should report
and document relevant variables and static factors, as well as conditions that influence the value of

EnPI(s) and
EXAMPLE 4

energy performance metrics.

An EnPI, defined as kWh/product, can be strongly influenced by production volume, i.e.
kWh/product at 100 % production capacity can be very different from kWh/product at 50 % production volume.
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5.6.3 Selection of energy performance metrics

The M&V practitioner should identify energy performance metrics needed for the M&V. Since the EnPlIs
may not be sufficient for the purposes of the M&YV, additional energy performance metrics may need to be
defined by the M&V practitioner. The M&V practitioner will document the reason for the additional energy
performance metrics. The additional energy performance metrics may or may not be adopted as EnPI(s).

EXAMPLE

A lighting retrofit can lead to a substantial decrease in lighting energy consumption without

having a notable impact on an EnPI such as kWh/unit produced, in cases where lighting is a small fraction of
overall energy consumption. In such a case, the M&V practitioner will identify an alternative energy performance
metric such as lighting kWh/m2.

5.7

Characterization and selection of relevant variables and static factors

The fpllowing steps are needed for the characterization and selection of relevant variablesand sftatic factors:

5.8

Ther]

within the M&V boundaries;

identify relevant variables as well as static factors;

etermine the typical operating range of the identified relevant vayiables and level of the

etermine a representative period of time;

¢stablish the criteria for selecting relevant variables or static factors that affect energy performance

static factor;

identify and specify the data characteristics and data seurce(s) for each relevant varigble or static

actor according to the guidelines in the data-gathering plan (see 5.9);
identify and describe consequential effects that may occur;
etermine which consequential effects will\or will not be quantified in the M&V;

XAMPLE The consequential effect might not be quantified if it cannot be determined or h
n the M&V results.

escribe the potential application-of consequential effects not quantified; and

hs little effect

ist the variables or stati¢ factors considered and determined not to be relevant alang with the

treasons for their omission;

Selection of the M&V method and calculation method

quaritify energyrperformance and energy performance improvement. The M&V practiti
seledt an appropriate M&V method. The selection is typically based on a number of facto
(but not limited to):

putpose of the M&V;

e are numerous methods, standards, protocols and calculation methods available worldwide to

pner should
s, including

accuracy requirements;

relevant experience of the M&V practitioner;

nature of the EPIA(s) or energy performance metrics to be measured and verified;
nature and size of the organization as well as the choice of M&V boundaries;
information gathered during the preliminary M&V planning assessment (see 5.5);
legal, regulatory or other requirements, including other standards or protocols;

costs of methods under consideration.
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Irrespective of the choices made by the M&V practitioner, this section of M&V plan should contain:

a)

b)

<)

5.9 Data

The data thd
5.6) or EPIA
element nee

10

a step-by-step description of the M&V method and the calculation method as well as a reference to
any selected protocols;

description that is sufficiently detailed to ensure that other competent M&V practitioners would be

abletoi

mplement the M&V process; and

the rationale for selecting the M&V method and calculation method, including the advantages and

disadva

ntages.

name of

data sofirce, existing or new;

NOTE 1
etc), ing
location

data qu

NOTE 2
of dataf

NOTE 3
calibrati
(see Clay

identifi
frequen|
NOTE 4
measur

EXAMPI
(instant

method
EXAMPI]

Fn ) - 1
sAallltl g pPlidil

twill need to be collected is based on the energy performance metrics, including@EnPI3
5 and the M&V method selected M&V method and calculation method (see 5.8), Foreach
ded, the following should be described:

variable;

The description will typically include the type of data source (i.e. Operating manual, instru
trument serial numbers (where available), list of measurement points, physical measurd
s), and measurement process or measurement method.
lity;

Data quality can include the appropriateness, accurdcy, validation, reliability, completenes
fom the data source.

Data quality includes information on source calibration (where available). In cases
bn information is not available, the potentialimpact will be described in the context of uncert
se 7).
ration and disposition of outlier(s) or gaps in data with justification;
cy at which data will be collected (i.e. hourly, daily, monthly, etc.);

The frequency of data collection needs to be sufficient to capture the range of operating condi
bment type;

E1 Integratedymeasurement (e.g. average over a period of time) or spot measure
hneous).

of collection;

E 24_XWeather conditions can be obtained from a number of means, including:

(see
data

ment,
ment

5, etc.

vhere
ainty

tions.

ment

a) direc

ly fromrdegree tday database or the rearest retiabte weather measurement point);

b) computed from the temperature database of the nearest weather measurement point, or

c) comp

uted from a local temperature meter (existing or not).

individual(s) responsible for conducting the measurements, e.g. the organization the M&V
practitioner or contractors;

preparation of, and access to, measurement points;

operating constraints are implementation constraints;

EXAMPLE 3  Plant shut down might be needed for installation of some instruments.
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— type of meter or sensor to be used.

The choice of meter or sensor should consider the range, accuracy, precision, capability, conditions of
use and the M&V objectives.

This section of the M&V plan should provide the reasoning behind the choices made to obtain the data,
and how these choices affect the accuracy and uncertainty of the results (see Clause 7) as appropriate to
the M&V objectives. This section should also specify how data should be recorded and maintained. The
plan should provide contingency for data loss or data backup.

In cases where energy performance improvementis reported, an energy baseline needs to be established.

In st

and {
plan
be ¢
repr

5.10

5.10

In ca

ch cases_there may he differences hetween the dqf;\—gnfhpring plan dnring the bas
he data-gathering plan during the reporting period, in which case, two separate dat
5 (one for each period) should be documented. The description of the data-gathering
pmprehensive enough to ensure the process of obtaining the data can be both rep
ducible.

Energy baseline establishment and adjustments

1 Establishment of energy baseline

ses where the energy performance improvement is to be determined, an energy baseli

established according to the requirements and guidelines of/the’M&V method and calcula

seled

Data
plan
to th|
ener
ener
this {

NOTIH
in the

This

ted (see 5.8).

used to establish the energy baseline should be gathered according to the guidancein da
(see 5.9) and analysed according to the M&V plan. The energy baseline should be estal
e implementation of any EPIA(s) if practicable. However, the M&V practitioner can e
by baseline after the implementation of EPIA{$) on condition that the data required to 4
by baseline are available. If the energy baseline is established after the EPIA(s), the 1
hould be documented in the M&V plan.

1  WhenISO 50015 is being usedwith ISO 50001, the energy baseline is determined using th
energy review.

section of the M&V plan should document how the energy baseline is established and sh

line period
a-gathering
plan should
eatable and

ne should be
rion method

fa-gathering
lished prior
stablish the
stablish the
eason(s) for

b information

uld include:

a) the raw data used to‘develop the energy baseline determined during the data-gathering process
see 5.9);
INOTE 2 Rawdata are unprocessed data.
INOTE 3 _-The entire raw data set need not form a part of the M&V plan, provided that the M&Y plan clearly
describesswhere and how the raw data are stored and how it can be accessed.
b) the’specific time period for the energy baseline and related conditions;
c) the process followed to establish the energy baseline;
NOTE4  Thisprocesswillbedescribedinsufficientdetail to promote confidence, traceability, repeatability,
reproducibility and consistency.
d) theprocesseddatawhereapplicable,the energy consumption model representing the energy baseline.
5.10.2 Adjustments of the energy baseline

The M&V method and calculation method chosen can require the energy baseline to be adjusted to the

cond

itions of the reporting period.

This section of the M&V plan will provide the conditions and reasons under which routine baseline
adjustments are required and will outline the method(s) used to perform such adjustments.
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The M&V plan will also specify the non-routine adjustments of the energy baseline, including:

— means for monitoring the need for non-routine adjustments of the energy baseline;

EXAMPLE 1

M&YV practitioner will check periodically for major changes in the range of variation of

data,

including both relevant variables and static factors related to processing equipment, energy consumption,

relevant

variables, or energy performance metrics.

the procedure to be followed when non-routine adjustments to the baseline are required; and

energy baseline.

the specific method of, and reasons for, any expected or known non-routine adjustments to the

EXAMPI|
conditio

5.11 Resot
M&V resour

should docujment:

a) theresd
NOTE
human 1
records,

b)
and pur

5.12 Roleg

The roles aj

the followin

method

changed

compet

5.13 Docu

Elements off
confidence,
and maintai

a statement by the M&V practitioner confirming the resources available are appropriate to the s

E2 Ifasimulation is used as a part of the M&V method, the M&V practitioner will docume
s, if any, under which recalibration of the simulation is required along with the recalibration mg

irces required

ces should be appropriate to the M&V objective. The resources section of the M&V

urces required for conducting the M&V;
Resources include budget, measurement and other equipment; access to measurement p

esources, including qualifications and competency requiréments, access to data and evi
etc.

[pose of the M&V objective.

and responsibilities

nd responsibilities of the parties involved in the M&V should be documented along
g:
s for communication between the different parties;

to key personnel their contact details and how this information will be updated in the the

encies determined according to the principle of competency of the M&V practitioner (see

mentation of the M&V plan

the M&V-plan, as described in 5.1 to 5.12, should be documented in a manner to pro
‘raceability, repeatability, reproducibility and consistency. The M&V plan should be recd
ned.torensure the information is readily available and easy to locate.

nt the
thod.

plan

pints,
lence

cope

with

plan;

4.5).

mote
rded

There shoul

5h an

d be appropriate records supporting the reasons for decisions made in order to establi

audit trail. This may include recording electronic correspondence between relevant parties.

The remainder of this International Standard briefly outlines the steps recommended after the M&V plan
has been establish in order to apply the M&V process to the reporting of energy performance results.

6 Implementation of M&V plan

6.1 Data-

gathering

The M&V practitioner should collect and record the data according to the requirements of the data-
gathering plan (see 5.9).

12
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Verification of the implementation of the EPIA(s)

The M&V practitioner should verify the EPIA(s) as described in the M&V plan (see 5.3) have been
appropriately implemented. The following, relative to the current M&V plan, should be recorded:

a) actions implemented;

b) actions not implemented and the reason(s);

‘)

actions differing from the current M&V plan and the reason(s).

If an implemented EPIA(s) differs from its description in the M&V plan (see 5.3) in a way that requires an

adjug

repo

to) ]

6.3

The]
and
recoj
chan|
or ex

The ]

1

q

6.4

Duri
base
time

If thg
shou
meth
resu

Iftw
thein
The

appr
EXAN

tment M&V plan, that adjustment should be made, documented and included in thep
Fting (see 6.5). Elements of the M&V plan that may require adjustment include (but\arg
ethod, M&V boundary selection, relevant variables and static factors.

Observation anticipated or unforeseen changes

M&V practitioner is responsible for ensuring the M&V results reportedeonform to the r¢
pbbjectives of the M&V plan. Situations requiring non-routine adjustments should b
'ded by the M&V practitioner or the organization. Such situatiéns may include chang
ges to the implementation, execution or constitutional partsof EPIA(s), as well as chan
ternal to the M&V boundaries.

M&YV practitioner should:
ecord this situation as part of the periodic M&V reporting (see 6.5);

onsultant and update the M&V plan to incorperate the non-routine change into the M§

M&YV analysis

hg this step of M&V, the energy performance or energy performance improvement is
H on the analysis and results of the 'data-gathering (see 5.9). M&V analysis should follo
periods, data frequency andanethod specified in the M&V plan.

e M&V objective includes‘\determining energy performance improvements, the M&V
Id calculate the baseline-according to the M&V plan. Any non-routine adjustments o}
odsused should berecorded. The outcome of this step is measured and verified energy 1
ts. These resultsshould be reported according to the requirements of the M&V plan.

b or more EPIA(S) are implemented during the same or overlapping time periods, the M&\
combined effect could be different from the sum that would occur from each EPIA(s)
M&V analysis should ensure that the M&V result determined for the combination of]
ppriately addresses any such difference.

briodic M&V
b not limited

pquirements
e noted and
es in scope,
ges internal

LV plan.

determined
w the scope,

practitioner
' changes to
erformance

/ resultfrom
ndividually.
the EPIA(s)

1PLE Two EPIA(s) are implemented:

a) improving combustion efficiency of a heating system, and

b) improving building insulation.

Savings from the combustion efficiency improvement alone could be determined based on the
efficiency changes at the initial insulation level. Savings from the insulation improvement alone could
be determined based on the insulation difference at the initial efficiency level. The combined effect is
determined based on the difference between the initial state and the consumption at both the improved
efficiency and improved insulation level.
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6.5 M&V reporting

M&V should be documented and reports at intervals as established in the M&V plan. Reports may be a
single annual report, ongoing quarterly reports, monthly reports, etc.

Reports should summarize the scope and purpose (see 5.2) of the M&V.

Report should specify the responsible person that performs the M&V and their relationship to the
organization. In order to provide confidence in the results, reports should include a clear statement
regarding the accuracy or uncertainty of measurement.

Typically M
a) listimp
b) list EPI
c) provide
d) identifyj]
NOTE 1
e) provide
require}
The M&V pr
of the M&V j
— dataqu
NOTE 2
reportin|
NOTE 3
example
6.6 Revie
The M&V pr

several fact

7

V reports should:

not implemented;

operatipnal changes.

significant changes in production volume or mix, introduction of feedstock, etc.).

frequen

emented EPIA(s);

A(s) planned for implementation that were not implemented, specifying why 'they

details of any EPIA’s implementation differed from the original plans;
changes that have occurred and if the change requires a non-routine adjustment(s);
This includes changes to relevant variables as well as changes to static factors.

energy performance or energy performance improyement results according td
mnents of the M&V plan, as well aslegal, regulatory, or othet:requirements that may be appliq

hctitioner should report any challenges experiencedrand how these were addressed as g
brocess. These challenges may include:

hlity or data availability not meeting the M&plan requirements;

Operational changes might have ocemred making it difficult to compare the energy baselin|
o periods under constant conditions (significant changes might include changes in operating §

The information provided'in’the reports can be adjusted to avoid duplication in periodic report
ifthe scope is outlined inthefirst monthly report, repetition the following month might notbe req

w the need to&epeat the process

brs, suchas:

cy is determined in the M&V plan;

were

the
able.

part

e and
hifts,

s. For
lired.

actitioner shauld review the need to repeat all or part of the M&V process based on any of

results

hchieved:

opportunities or EPIA(s) to be implemented;

other requirements identified in M&V plan; or

effects of issues or challenges encountered.

Uncertainty

Understanding of uncertaintyis necessaryin order to interpretand communicate M&V results effectively
and to ensure credibility of reported M&V results. Sources of uncertainty should be identified where
possible and should be quantified to the extent practicable and useful to the M&V objectives.
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