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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfof
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

ISO 20140 specifies a method for evaluating the energy efficiency and other factors of a manufacturing
system that influence the environment, e.g. energy consumption, waste and release.

[SO 20140 is applicable to manufacturing systems for discrete, batch, and continuous manufacturing.

ISO
ISO

20140 focuses on manufacturing systems that have a hierarchical structure.

20140 can be used for:

d)

Thi
am
env

Thi

mafufacturing systems.

benchmarking of environmental performance against a generic reference manufacturin
comparing between different manufacturing systems;

alternative studies for improving environmental performance;

setting targets of environmental performance improvement;

visualizing the environmental performance of a manufacturing system under operation
ected users of [SO 20140 are:

managers who are responsible for environmental conditions,of-a manufacturing system
engineers who design manufacturing processes for products;

engineers who design a manufacturing system;

engineers and foremen who are responsible forxmanufacturing products.

5 document specifies a process for environmental performance evaluation of activities e
anufacturing system based on the general principles described in ISO 20140-1. The pr
ironmental performance evaluation data’based on ISO 20140-5.

5 document does not specify any evaluation process specific to particular impleme

r system or

xecuted by
ocess uses

htations of
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INTERNATIONAL STANDARD ISO 20140-2:2018(E)

Automation systems and integration — Evaluating energy
efficiency and other factors of manufacturing systems that
influence the environment —

Part 2:
Environmental performance evaiuation process

1 [Scope

Thif document specifies a process for environmental performance evaluationof activities executed by
a manufacturing system based on the general principles described in 1S©,20140-1. The piocess uses
environmental performance evaluation data based on ISO 20140-5.

Thip document does not specify any evaluation process specifig, to”particular implemeptations of
manufacturing systems.

2 |Normative references

The following documents are referred to in the textgn such a way that some or all of their content
conptitutes requirements of this document. For dated references, only the edition cited dpplies. For
undated references, the latest edition of the referenced document (including any amendmengs) applies.

[S0|20140-1, Automation systems and integration — Evaluating energy efficiency and othel factors of
manufacturing systems that influence the environment — Part 1: Overview and general principfes

3 |Terms and definitions
For|the purposes of this docunient, the terms and definitions given in ISO 20140-1 and the following apply.

[SOJand IEC maintain tepminological databases for use in standardization at the following addresses:

— |ISO Online browsing platform: available at https://www.iso.org/obp

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

31
aggregated EPE data
nu%erical representation of environmental influence (3.3) caused by a manufacturing procesf in a given
typeofenvironmental influence and in a given mode

3.2

energy efficiency

ratio or other quantitative relationship between an output of performance, service, goods or energy,
and an input of energy

[SOURCE: ISO 50001:2011, 3.8, modified — Example and Note to entry have been deleted.]

© ISO 2018 - All rights reserved 1
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3.3

environmental influence
result of manufacturing process that can cause environmental impacts and that is considered
throughout the life cycle of the manufacturing system associated with the process

Note 1 to entry: Environmental influence, such as energy consumed and CO; emitted, can cause environmental
impacts, such as global warming and sea level rise.

EXAMPLE
discharged.

3.4

Amount of electric energy consumed; amount of CO, emitted; amount of hazardous substance

environm
key perforn

3.5
environm
measurabl

[SOURCE: 1

3.6
environm
EPE data
data that is

[SOURCE: 1

3.7
key perfor
KPI

quantifiable level of achieving a critical objective

Note 1toen
data and/orj

[SOURCE: I

3.8
system va
worth ord

4 Framework of énvironmental performance evaluation process

The envirg

ental KPI
nance indicator (3.7) that represents environmental performance (3.5)

bntal performance
e results related to environmental aspects

SO 14045:2012, 3.5]

bntal performance evaluation data

used to evaluate the environmental performance (3.5)

SO 20140-5:2017, 3.6, modified.]

mance indicator

ry: The KPIs are derived directly from, erithrough an aggregation function of, physical measuremsg
other KPIs.

SO 22400-1:2014, 2.1.5]

Jue
psirability ascribedt¢0-a manufacturing process

the environmental KPIs, and reporting the evaluation results as illustrated in Figure 1. This docu

specificatipn of environmental performance evaluation, specifying the environmental KPIs, calculafing
ent
specifies t i -

a)

nts,

nmentalperformance evaluation process shall comprise the sub-processes of developing a

Developing specification of environmental performance evaluation

A specification of environmental performance evaluation is developed in this process. This

specifi

b)

cation includes requirements for aggregated EPE data.

Specifying environmental KPIs

Environmental KPIs are specified by a formula with the necessary conditions, according to the
specification of environmental performance evaluation specified by the process described in a) above.

© ISO 2018 - All rights reserved
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Calculating the environmental KPIs

Values of each environmental KPI are calculated according to the environmental KPI specification

specified by the process described in b) above.

An aggregated EPE data, which represents the environmental influence, is provided by the

aggregation process for each KPI.

A system value is obtained for each KPI according to the specification of environmental performance

evaluation specified by the process described in a) above.

NAOT L ZDIL o

Tl s 1 s < 1 loss £ i 1 £ H 1 loss 1L
INOUT L T attudar CadpTtur T aimu LAt uTatiuIr UT Sy STCTIT vaTa T TUT O ST CartuTatiTrg Catir IS T 1

scope of ISO 20140.
Reporting

The results of the environmental performance evaluation, such as environmextal KPI sy
and its calculated values, are reported with respect to the objectives“of the env
performance evaluation.

a) Developing specification of
environmental performance evaluation

A 4

/m;c;tion of
environmental performance
wtion

A

outside the

ecification
ronmental

Obtaining A Obtaining
aggregated EPE system value
data b) Specifying environmental KPIs
Aggregate Environmental KPI
EPE data specification
¢) Calculating environmental KPIs
Process Value of environmental
KPIs

Input/Output of
each process

e :
T NCPOUT UG

Figure 1 — Environmental performance evaluation process
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5 Sub-processes of the environmental performance evaluation

5.1 Developing a specification of environmental performance evaluation

5.1.1 Ge

neral

Aspecification ofenvironmental performance evaluation may be dedicated to a particular manufacturing

system for
be specifie
Annex A.

determining the effectiveness of improvement of environmental performance. It may also
d for multiple individual manufacturing systems in order to compare them as described in

Specificati
a) object
b) scope

C) requir

5.1.2 Ob

The object
evaluation

EXAMPLE 1
system und

EXAMPLE 2
the same ty
existing fac

EXAMPLE 3}
manufactun

EXAMPLE 4
reducing po

bns of environmental performance evaluation shall specify the following items:
ve of the evaluation;
bf the evaluation;

ements for aggregated EPE data.

jective of environmental performance evaluation

ive of environmental performance evaluation shall clearly, describe the reason why|the
is performed and which types of environmental influence@ne taken into account.

An objective is visualization and improvement of enérgy efficiency of a given manufactufing
br a particular production plan during a given period of tiie.

A company has two production facilities with different processes and performance criterig for
pe of car product. The company is planning to construct a new facility, and wants to select one of the
lities as a base design.

An objective is to evaluate the effect’ of replacing equipment for a particular step pf a
ing process by comparing the new performance with the performance before the modification.

An objective is to calculate the) advantageous effects of an improvement measure, such as
wer during idle states, reducing idle time and coordinated scheduling of production.

5.1.3.2

The scope

pe of environmental performance evaluation

of environmental performance evaluation shall be appropriately determined so that

argetmanufacturing process to be evaluated

NOTE A target manufacturing process can be defined by a combination of a physical boundary and a time
boundary or by a set of values characterizing the manufacturing process.

EXAMPLE
cycle of a pr

If a manufacturing process is a batch process, an evaluation period is synchronized with a batch
ocess.

© ISO 2018 - All rights reserved
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5.1.3.3 Level of detail of environmental performance evaluation

The scope should also include the decision regarding the level of detail of data for environmental
performance evaluation according to the objective.

NOTE The level of detail could differ depending on the objective of the evaluation. This could, for example,

include frequency of measurements (e.g. update every day, year, or month), cut-off intervals for data values and
resolution of measurement.

5.1.4 Requirements for aggregated EPE data

The requirements for aggregated EPE data shall be specified according to the specification of
envliironmental performance evaluation.

NOTE The requirements are used in the aggregation process. ISO 20140-3 spegifiesS an pggregation

progess that provides aggregated EPE data in accordance with a given environmental performance evaluation
spegification by this document.

5.2 Specifying environmental KPIs

5.2/1 General

Ong or more environmental KPIs of the target manufactiiring process shall be specified by
environmental KPI specifications.

Enviironmental KPI specifications should include:

a) |objectives;

b) [types of the environmental influence considered;
c) |formulae to evaluate the environmental-KPI;

d) |constraints.

Environmental performance of, manufacturing systems may be expressed by multiplel KPIs. See
Figlire A.2.

5.2]2 Environmental KPIs

5.2]2.1 General

Singe different~manufacturing processes can produce different types of products,|values of
environmental influence of different manufacturing processes cannot be compared directly. In order
to rlormalize the values of environmental influence, the concept of system value is used to|determine
environmental KPIs.

NOTE Some KPIs defined by ISO 22400-2, such as comprehensive energy consumption, production loss
ratio and storage and transportation loss ratio, can be an environmental KPI and can be used in formulae of
environmental KPI specifications.

A general formula of an environmental KPI is expressed as a function F of system value and
environmental influence, which can be represented by aggregated EPE data. See Formula (1).

© IS0 2018 - All rights reserved 5
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Pg = F(vs, ig)

where

Pg

Vs

is the environmental KPI;

is the system value generated by the target manufacturing process;

Ig is

Function F|

5.2.2.2 K

Environmsg
a system V
given as in

Vd
eE :_—k
Ig
where eE ig
EXAMPLE 1

EXAMPLE 2
material.

5.2.2.3 1
The specifi

i

es]

CE:
1%

72

where cE i

EXAMPLE 1
coefficient

EXAMPLE 2

5.3 Calcd

1 H ol lfl ) 4] 4= 4= £ 4o H
HIT TIHVIIUIHTIITHLAT THTTUTIICT LAUSTU Uy LT Udl gTL HIdITUIdUTUl TS PIULTSS.

is defined depending on objectives of the evaluation.

fficiency based formulae

ntal efficiency, which is a type of environmental KPI, can be expressed-by-a ratio betw
alue generated and environmental influence caused by the target mahiifacturing pro

Formula (2).

the environmental efficiency of the target manufacturing process.
Energy efficiency, defined in ISO 50001, is a type of environmental efficiency specific to ener

Finished goods ratio, defined in ISO 22400-2, is\a type of environmental efficiency specif

perived coefficient

c environmental coefficient is givén\ds in Formula (3).

the specific environmental coefficient of the target manufacturing process.

Comprehensive. eértergy consumption, defined in ISO 22400-2, is a type of specific environms
pecific to energy.

Scrap ratio, defined in ISO 22400-2, is a type of specific environmental coefficient specific to w

ulating environmental KPIs

ey

een

LESS

(2)

(3)

ntal

The

An enviro

hnéntal KPI chall he calculated anr‘nrr‘]ing to the enviranmental KPI cnhocification

| ¢
environmental influence is provided by the aggregation process as an aggregated EPE data according to
the requirements for aggregated EPE data. The system value is obtained according to the specification of
environmental performance evaluation in individual cases. An example of environmental performance
evaluation processes including sub-process of calculating an environmental KPI is described in Annex B.

The calculation of an environmental KPI may be repetitively executed for ordinary monitoring of
manufacturing processes, or may be executed for evaluating the environmental performance of
manufacturing processes after improvement of a manufacturing system at a particular timing. In
other cases, the calculation may be also executed for multiple manufacturing systems to compare their

environme

ntal performance.

© ISO 2018 - All rights reserved
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Reporting

The results of the environmental performance evaluation should be reported to the intended audience.

The

a)
b)

d)

report should include the following elements:
specification of environmental performance evaluation;
environmental KPI specifications;

aggregated EPE data used for calculating values of environmental KPIs;

f)

6.1

System values are used to define environmental KPIs.

NOT

ISO[14045:2012, 5.2.7.

Thd
des

NO1
any

6.2

Thi
Thd

EXA

6.3

Thi
The

EXA
ani

values of environmental KPIs calculated;

assumption and limitation of calculation.

System value

General

E1 The system value conforms to the principle for specifying product system values, as d

re are different types for specifying system values, depending on the objective and sc
rribed in 6.2, 6.3 and 6.4.

E2 The system value produced by the proegess with one input and one output can be cate
type.
System value based on the output from the process

5 type of system value is applicable to the process with multiple inputs and one signific
system value is specified based on the significant output from the target manufacturing

MPLE The number of products produced by a manufacturing system can be a system value.

System value based on the input to the process

5 type of system value is applicable to the process with one significant input and multig
system value is specified based on the significant input to the target manufacturing pro

MPLE The system value of an oil refinery can be calculated corresponding to the amount of
hput.to the process.

escribed in

ppe, e.g. as

borized into

hnt output.
process.

le outputs.
cess.

crude oil as

6.4

System value based on the service provided by the process

This type of system value is applicable to the process with multiple inputs and multiple outputs. The
system value is considered with respect to the target manufacturing process. The amount of service of

the

manufacturing process during a unit of time may be a system value.

EXAMPLE A painting process painting multiple sizes of works.

©IS
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Annex A
(informative)

Environmental performance evaluation of manufacturing systems

A 1 Corr naring envirconmenital nerformance of different manufacturing svste S
. P e e €e-orairerenmantacturngs

Tt C IV IT O It eIrtat | o TITCr Y

yotTerr

Figure A.1|shows use cases of the environmental performance evaluation process. An environmeptal
performanice evaluation specification is developed and applied to multiple different madufactufing
processes.|The target manufacturing processes are executed by different manufacturing systgms.
Every environmental KPI of the manufacturing process executed by each manufacturing system is
obtained according to the same specification of environmental performance evaluation. Therefpre,

values of ephvironmental KPI for each manufacturing system can be compared each)other.

Developing the specification of
environmental performance evaluation

Specification of
environmental performance
evaluation

/ Manufacturing system 1 \ / Manufacturing system 2 \

L )&

Comuparingthe results
T =]

Manufacturing system 3

Figure A.1 — Comparing environmental performance of different manufacturing systems
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A.2 Evaluating a KPI that represents multiple types of environmental influence

A manufacturing process can have different environmental aspects associated with different types of
environmental influence. For example, a manufacturing process can consume energy and discharge
a hazardous substance, illustrating two types of environmental influence. In this case, two different
KPIs, energy efficiency and amount of hazardous substance per unit of production volume, could be
used to evaluate the two types of environmental influence. The value of each environmental KPI is
calculated according to the environmental KPI specification. In order to evaluate overall environmental
performance taking into account multiple types of environmental influence, a high level KPI can merge
multlple KPIs 1nto a single result This is executed in the reportlng process Slnce dimensions and units

lience.

re A.2 gives an example of evaluating a KPI that represents multiple types ‘of env

Developing the specification of environmental performance evaluation

Types of environmental influence to be considered

Energy Material

Emission Others

A\

Specifying environnmiental KPIs

/

Specification of environmental KPI

\

ition might

ronmental

Material-based
KPI

Energy-based
KPI

Emission-based
KPI

Other KPIs

M

Calculating environmental KPIs

I
Value of environmental KPI /

Material-based
KPI

Energy-based
KPI

Emission-based
KPI

A

Other KPIs
——/

Reporting

influence

FiguresA:2 — Example of evaluating a KPI that represents multiple types of environ

mental
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Annex B
(informative)

Example of environmental performance evaluation

a) Estimdtion of energy consumption to produce a product.

b) Identiffication of improvement approach to enhance energy efficiency of a manufacturing systemn.

B.2 Scope of environmental performance evaluation
a) Envirdnmental performance to be evaluated:

— Energy efficiency.
b) Targetimanufacturing process to be evaluated:

— Physical boundary is a machine tool including a pump far coolant; air-conditioner commgnly
used for keeping ambient condition is excluded.

— Time boundary is period of manufacturing process.including stand-by.
c) System value:

— 20 pieces of automobile parts.

B.3 Requirements for aggregated EPE data

In order tq calculate energy efficiency; total amount of energy consumption during each status pf a
machine tdol such as stand-by and(in-process is respectively necessary:

a) total amount of energy consumption during stand-by [kWh];

b) total amount of energy)consumption during in-process [kWh].

B.4 Envijronmental KPI

a) Energy consumption rate = [total energy consumption]/[number of manufactured products]

b) Energy efficiency of manufacturing process = [energy consumption while the status of a machine
tool is in-process]/[total energy consumption]

B.5 Calculating environmental KPI

It is assumed that the data of energy consumption of a machine tool is obtained as shown in Figure B.1.
In this case, the energy consumption rate and the energy efficiency of the manufacturing process is
calculated as follows:

a) Energy consumption rate = [energy consumption A+ energy consumption B]/[20 pieces of products]
= 0,15 kWh/unit

10 © ISO 2018 - All rights reserved
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