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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 proceglures 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 needed*for
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, such as energy consumption, waste and release.

[SO 20140 is applicable to manufacturing systems for discrete, batch, and continuous manufacturing.
ISO 20140 focuses on manufacturing systems that have a hierarchical structure.

ISO 20140 can be used for:

— |benchmarking the environmental performance against a generic reference manufacturfing system
or comparing between different manufacturing systems;

— |alternative studies for improving environmental performance;

— |setting targets for improving environmental performance;

— |visualizing the environmental performance of a manufacturing systemunder operation
Expected users of ISO 20140 are:

a) |managers who are responsible for the environmental conditions of a manufacturing system;
b) [engineers who design manufacturing processes for products;
c) |engineers who design a manufacturing system;

d) |engineers and foremen who are responsible forxmanufacturing products.

© IS0 2019 - All rights reserved v
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Automation systems and integration — Evaluating energy
efficiency and other factors of manufacturing systems that
influence the environment —

Part 3:
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pY

1

Thi
eva
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ISO

Thi

ocess

Scope

5 document specifies an aggregation process that provides aggregated environmental pg
uation data in accordance with a given environmental performance evaluation sj
forming to ISO 20140-2, by using a set of environmental performancé evaluation data cor
20140-5.

5 document does not specify any aggregation processes-Specific to particular impleme

mafufacturing systems.

2

Thd
con
und

ISO
maj

For

ISO

3.1

Normative references

following documents are referred to in the, text in such a way that some or all of th
Stitutes requirements of this document. -For dated references, only the edition cited 3
ated references, the latest edition of thé.referenced document (including any amendmen

20140-1, Automation systems and~integration — Evaluating energy efficiency and othe
ufacturing systems that influence.the environment — Part 1: Overview and general princip

Terms and definitions
the purposes of thisdecument, the terms and definitions given in ISO 20140-1 and the follo

and IEC maintain-terminological databases for use in standardization at the following ad

ISO Onlinébrowsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

[vironmental performance evaluation data aggregation

rformance
ecification
forming to

ntations of

bir content
pplies. For
[s) applies.

- factors of
es

wing apply.

dresses:

ag

egdied environmentdl perrormadice evdiuation ddta

aggregated EPE data
numerical representation of environmental influence (3.4) caused by a manufacturing process (3.8) in a
given type of environmental influence and in a given mode

Note 1 to entry: Aggregated EPE data is the total value of a set of converted EPE data (3.3) associated with every
constituent activity (3.2) involved in the given manufacturing process.

[SOURCE: ISO 20140-2:2018, 3.1, modified — Note 1 to entry has been added.]

3.2

constituent activity
part of a given manufacturing process (3.8) identified by a piece of equipment used and a specific
period of time

© IS0 2019 - All rights reserved
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3.3
converted

EPE data

numerical representation of environmental influence (3.4) of a specified type caused by a specified
constituent activity (3.2) in a specified mode

3.4

environmental influence
result of manufacturing process (3.8) that can cause environmental impacts and that is considered
throughout the lifecycle 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, su

EXAMPLE
discharged.

[SOURCE: 1

3.5
environm
key perfor

[SOURCE: I

3.6
environm
measurabl

[SOURCE: ]

3.7
environm
EPE data
data that a

[SOURCE:
performan
performan

3.8

manufactyiring process

structured
any other ¢

h as global warming and sea level rise.

Amount of electric energy consumed; amount of CO, emitted; amount of hazardoug, subst

SO 20140-2:2018, 3.3]

ental KPI
nance indicator that represents environmental performance (3.6)

SO 20140-2:2018, 3.4]

bntal performance
b results related to environmental aspects

SO 14045:2012, 3.5]

bntal performance evaluation data

e used to evaluate the environmentalperformance (3.6)

[SO 20140-5:2017, 3.6, modified — The words “that can be used for environme
ce evaluation” have been replaced with “that are used to evaluate the environme
ce”.]

set of activitiesGnvolving a flow and/or transformation of material, information, energy
lement

[SOURCE: I
replaced

4 Math

B<vlLvy2,.

fle1, €2, ..)

0 18435-1:2009, 3.16, modified — The words “set of processes in manufacturing” have b
ith “structured set of activities” and the word “control” has been deleted.]

ince

ntal
htal

, or

een

. represents a variable f that is identified by attributes y1, y2, ... in the angle brackets.

-6 6 represents the result of an operation specified by a function fand its arguments

(i.e. €1, €2, ..).

5 Overview

This clause describes the roles of an EPE data aggregation process in relation to other parts of ISO 20140.
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Figure 1 describes relationships among the following process and sub-processes, and data exchange
between them:

a) the sub-process of developing specification of environmental performance evaluation,
b) the EPE data aggregation process,
c) the sub-process of calculating environmental KPIs.

The EPE data aggregation process provides the aggregated EPE data to the sub-process of calculating
environmental KPIs. The calculation of environmental KPIs is specified according to the specification of

en‘/ .l Ulllllblltal Pbl fUl IIIAIICC TV a}uat;uu.
NOTE1 The EPE data aggregation process is specified by this document.
NOTE 2  The classification of EPE data is specified by ISO 20140-5.

NOTE 3  The sub-process of developing specification of environmental performance“evaluation gnd the sub-
progess of calculating environmental KPIs are specified by ISO 20140-2.

ISO 20140-2

Sub-process of developing
specification of environmental
performance evaluation

Sub-process of calculating
environmental €Pls

A

Specification of
environmental
performance
evaluation

Process

Aggregated

EPE data

Input/outp
of proces|

ISO 20140-3

EPE data aggregation process

N
ISO 20140-5
EPE data
Figul T 1 RU}CD Uf EFE data dssl CBdtiUll pl ULC3S

6 Input to the EPE data aggregation process

The EPE data aggregation process assumes a specification of environmental performance evaluation
as the input. The specification of environmental performance evaluation includes the following items:

a) description of the manufacturing process to be evaluated;

b) amode of the manufacturing process;

© IS0 2019 - All rights reserved 3
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EXAMPLE 1

Depending on application cases, many different kinds of modes are possible, such as ac

tual

production, waiting, sleeping, off, or maintenance. A mode can represent distinct ambient conditions of a
manufacturing system used for a manufacturing process, such as ambient temperature.

one

c) atype of environmental influence to be evaluated;
EXAMPLE 2  Types of environmental influence include energy consumption, consumption of natural
resources, emission of hazardous substance, and emission of greenhouse gas.
NOTE1 Although types of environmental influence to be evaluated are included in the specification,
particular type is provided for every single request of an aggregation process of multiple requests initiated
for an evaluation.

d) qualitdtive requirements for the evaluation.
EXAMHLE 3  Qualitative requirements include resolution, precision, repeatability and stability!

In addition
added as i1

e)

struct
of evel]

The detail

quality lev|
evaluation
performan
purpose of

7 Struc
An EPE dat
a)
b)

‘)
d)

convel
summ
allocat

NOTE ’

decomjposition sub-process;

put to the EPE data aggregation process:

ire of the manufacturing system used for the manufacturing process/including specificat
y piece of equipment of the manufacturing system.

evel of the structure differs depending on the structure of the manufacturing system and

b] of the aggregated EPE data requested by the specification‘of environmental performd
This item should be provided separately from the “Specification of environme

ce evaluation, so that the specification can be applied-to different implementations for

comparing.

ture and functions of sub-processes

a aggregation process shall include the fellowing sub-processes, as shown in Figure 2:

sion sub-process;
htion sub-process;
ion/charge sub-process.

'he allocation/charge sub-process is outlined, but not specified, in this document.

to the specification of environmental performance evaluation, the following item can be

ons

the
nce
htal
the
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ISO 20140-2

 Specification of
nvironmental performance
evaluation

Aggregated
EPE data

ISO 20140-3

3 Summation
sub-process

EPE data aggregation process

\ 4

Decomposition
sub-process

Converted
EPE data ]
Allocation/

charge
requests

Allo
ch
Constituent Conversion - ol y sub-
. sébof allocate
activities sub-process & o
Y, \ EPE data

ration/
arge
brocess

Process EPE data

Figlire 3 shows an example of decomposing a manufacturing process. The decomposition s

dec

The
use

EXA
the
the
spe
con

Input/output
of process

Figure 2.== EPE data aggregation process

bmposes the manufacturing process into some constituent activities.

appropriate granuldrity for a constituent activity occurs when, for a particular piece of
 for a quantified.périod of time, EPE data are available or obtainable.

MPLE As-shown in Figure 3, according to the specification of environmental performance
Constituentactivity corresponding to Equipment A occurs with respect to the timing T3, T4 and
constituent)activity with Equipment C occurs with respect to the timing T2 and T3. In this
ified by-éombinations of (identifiers of) a piece of equipment and a period of time identify the
tituentactivities, as shown by A-3 to C-3.

b-process

equipment

evaluation,
5, whereas
way, blocks
Qppropriate
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of constituent activity

Fi

Figure 4 sh

The conve

gure 3 — Decomposition of a manufacturing process.into constituent activities

manufacturing process to be evaluated

/
/

equipment
constituent activity

Equipment A

Equipment B

Equipment C

Equipment D

timing
df constituent activity

ows an example of EPE data conversion and sumniation.

rsion sub-process provides converted EPE;data of every constituent activity, whic

N is

identified by the decomposition sub-process, by using'a set of EPE data associated with the constityent

activity.

NOTE1 |
the convert

The summ
the manuf3

NOTE 2 |
data can be

In situations where the EPE data are-already in a suitable unit of measure for subsequent calculati
bd EPE data are the same as the EPE-data prior to conversion.

htion sub-process totals all.converted EPE data associated with every constituent activit
cturing process to obtain'the aggregated EPE data.

In some situations with~eomplicated decomposition structure, several successive conversions of
necessary.

ons,

y of

EPE

The allocation/charge{sub-process is required in cases where some converted EPE data with a

constituen

NOTE3 1

[ activity cannot be obtained directly from a set of EPE data.

'he outline of the interface with the allocation/charge sub-process is explained in 8.4.
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of a specified type
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aggregated EPE data
(obtained by summation sub-process:
formula (4) )

converted EPE data
(calculated by conversion sub-process)

Equipment A
Equipment B

efjuipment

pnufacturing process to be evaluated

8 [Specifications of sub-processes

8.1 Decomposition sub-process

m
(identified by the specification of environmental performance evaluation)

Figure 4 — EPE data conversion and summation

A

— - — - — Start of
produetion

=

.— "~ Endof
productign

timing

>~~~ NI~ constituent activity
.~~~ Y T (obtained by decomposition
RN sub-process)

Thg decomposition sub-process shall decompose a specified manufacturing process in a spedified mode

intd

some constituent@ctivities in appropriate granularity taking into consideration a specified type

of environmental influence to be evaluated, based on the specification of environmental pgrformance

evaluation.

The expression’in Formula (1) represents a constituent activity:

a<ge\tym,>

M)

where

a represents a constituent activity;

e represents an identifier of a piece of equipment associated with the constituent activity;

EXAMPLE 1 A machine tool, a production machine, material-handling equipment, an auxilia-

ry machine or support facility.

t represents a period of time in which the constituent activity is executed;

© IS0 2019 - All rights reserved
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NOTE 1 Itcan be represented by a set of points of time indicating starting and ending of the
constituent activity or by a combination of a point of time indicating its starting time and a
time duration.

EXAMPLE 2 Time elements in the time model in ISO 22400-2.

me is a refinement of a specified mode of a manufacturing process with respect to a piece of
equipment associated with the constituent activity.

NOTE 2 According to a structure of a manufacturing system used for a manufacturing pro-
cess,a cppr‘ifipd mode of 3 mannfar‘hlring processis refined tao be app]ind toapiece of equip-

mé¢nt associated with the constituent activity.

Formula (2) represents a decomposition sub-process:

D(p,iflm)—{a<e,t,m,>},i,m) (2)
where

D() represents a decomposition function;

D represents a manufacturing process to be evaluated;

i represents a specified type of environmental influence to be evaluated;

m represents a specified mode of a manufacturing process;

{a<e |, me>} represents a set of constituent activities:

8.2 Conyersion sub-process

An input t the conversion sub-process is a settof EPE data associated with each constituent actiyity
specified by the decomposition sub-process:

The conversion sub-process shall convert a set of EPE data associated with a specified constityent
activity info converted EPE data suitable for use during the summation sub-process. Converted EPE
data represents an environmental(influence of a specified type, resulting from the constituent actiyity
in a specified mode of the manufacturing process.

EXAMPLE 1f  The following@re examples of conversion calculations by the conversion sub-process.

— (O3 emjssion resultifig-from combustion of fuel oil for a particular day is calculated by using the folloying
conversion function:

CO7 emfission-=\(amount of product produced by the day) x (amount of fuel oil consumed to produce a urlit of
product) x(coefficient related to the characteristics of the fuel oil used)

— Mass flowTate of matural gas (m>/min) is Converted Into pOWer value (W J.

— Time series data of electric power are integrated over the time period to obtain the electric energy. The
associated attribute t is used to decide the duration of integration.

— Time series data of heat transfer rate are integrated over the time period to obtain the heat energy. The
associated attribute t is used to decide the duration of integration.

— Time series data of material flow rate are integrated over the time period to obtain the material volume. The
associated attribute t is used to decide the duration of integration.

8 © IS0 2019 - All rights reserved
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