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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 of environmental performance against a generic reference manufactuning system or
comparing between different manufacturing systems;

— |alternative studies for improving environmental performance;
— |setting target of environmental performance improvement;

— |monitoring the shop floor operations by visualizing the environmental performjance of a
manufacturing system.

Expected users of ISO 20140 are:
a) |managers who are responsible for environmental conditigngs of a manufacturing system
b) |engineers who plan manufacturing process for each preduct;

c) |planners and designers who design a manufacturing system;

d) |engineers and foremen who are responsible for manufacturing products.
Thif document provides the overview and genheral principles of the method.

The environmental performance of a manufacturing system significantly contributes to fhe overall
life|cycle environmental performaneeof the manufactured product. The environmental pgrformance
evaluation of the manufacturing proeess in smart industries is a substantial contribution to fhe product
life|cycle environmental performance evaluation and thus an important contribution to| a circular
ecohomy.
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Automation systems and integration — Evaluating energy
efficiency and other factors of manufacturing systems that
influence the environment —

Part 1:

o , N

Thi

if document provides the overview and general principles of a method for évaluating env
formance, including energy efficiency and other factors, of a manufacturing system thdt influence

Scope
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5 document is applicable to manufacturing systems for ¢discrete, batch, and
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Life
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maquacturing. This document is applicable to an entire manufacturing system and to a

ufacturing system:.

cycle assessment of products manufactured by the manufacturing system is outside t
20140.

Normative references

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

20140-2:2018, Automation systems and integration — Evaluating enerqgy efficiency
ors of manufacturing systemS-that influence the environment — Part 2: Environmental p
uation process

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

and [EC maintain terminological databases for use in standardization at the following ad

[SO Online browsing platform: available at https://www.iso.org/obp

ronmental

continuous
part of the

e scope of

Pir content
pplies. For
[s) applies.

and other
brformance

dresses:

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

3.1

construction, reconfiguration or retirement step
CRR step
step of a life cycle (3.11) of a manufacturing system (3.15) other than an operation step

3.2

energy
electricity, fuels, steam, heat, compressed air, and other similar media

[SOURCE: ISO 50001:2018, 3.5.1, modified — Note to entry has been removed.]
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3.3

energy efficiency
ratio or other quantitative relationship between an output of performance, service, goods, commodities,
or energy (3.2), and an input of energy

EXAMPLE Conversion efficiency; energy required/energy consumed.

Note 1 to entry: Both input and output should be clearly specified in terms of quantity and quality and be
measurable.

[SOURCE: ISO 50001:2018, 3.5.3]

34

environment

surroundings in which an organization operates, including air, water, land, natural resources, flpra,
fauna, hunlans, and their interrelationships

[SOURCE: IISO 14001:2015, 3.2.1, modified — Notes to entry have been removed.]

3.5

environmental aspect

element of|an organization’s activities or products or services that interacts or can interact with|the
environmeit (3.4)

[SOURCE: SO 14001:2015, 3.2.2, modified — Notes to entry have beenremoved.]

3.6

environmental characteristics data

ECD

characterisgtics and/or performance specifications related to an environmental aspect (3.5), Qoth
acquired by measurement and declared by the equipmeént suppliers

3.7

environmental impact

change to the environment (3.4), whether adverse or beneficial, wholly or partially resulting from an

organizati¢n’s environmental aspects (3.5)

[SOURCE: 1

3.8

environm
result of m
throughou

Note 1 to
environmer

EXAMPLE

SO 14001:2015, 3.2.4]

bntal influence
nnufacturing proeess (3.14) that can cause environmental impacts (3.7) and that is considg
 the life cycle{841) of the manufacturing system (3.15) associated with the process

entry: Exdvironmental influence, such as energy (3.2) consumed and CO2 emitted, can c
tal impa€ts, such as global warming and sea level rise.

Amount of electric energy consumed; amount of CO2 emitted; amount of hazardous subst

red

use

ince

discharged

[SOURCE: I
3.9

SO 20140-2:2018, 3.3]

environmental performance
measurable result related to environmental aspects (3.5)

[SOURCE: I

SO 14045:2012, 3.5]
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3.10

environmental performance evaluation data

EPE data

data that are used to evaluate the environmental performance (3.9)

[SOURCE: ISO 20140-5:2017, 3.6, modified — The word "can" has been replaced with "are" and the words
"for environmental performance evaluation" have been replaced with "to evaluate the environmental
performance".]

3.11

life cycle
evo,rution of a system, product, service, project or other human-made entity from conceptipn through
retirement

[SOURCE: ISO/IEC/IEEE 15288:2015, 4.1.23]

3.12
life|cycle phase
subtdivision of a life cycle (3.11)

EXAMPLE Life cycle phases of a manufacturing system (3.15) are design, construction/reconfiguration,
operation and retirement.

3.13
life|cycle step
occlirrence or instance of generic life cycle phase (3.12)

3.14
mahufacturing process
structured set of activities involving a flow andyor transformation of material, informatjon, energy
(3.4), or any other element in a manufacturingarea

[SOPURCE: ISO 18435-1:2009, 3.16, modified— The words “set of processes in manufacturing{ have been
replaced with “structured set of activities” and the word “control” has been deleted.]

3.15%
mahpufacturing system
system for performing manufacturing processes (3.14)

3.16
othler resource
inpuit to a manufacgturing system (3.15) other than equipment and material

EXAMPLE Energy (3.2); coolant and lubricant; air conditioning and lighting.

3.1
release
emilssion to air and discharge to water and soil

[SOURCE: ISO 14040:2006, 3.30, modified — The term has been changed to the singular form and the
words "emissions"” and "discharges" have been replaced with "emission” and "discharge" respectively.]

3.18

residual CRR influence

environmental influence (3.8) of equipment, which is still residual after offset through the specific term
of construction, reconfiguration or retirement influence charge/offset process and/or at the time of
retirement

© IS0 2019 - All rights reserved 3
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3.19
waste

substances or objects which the holder intends or is required to dispose of

[SOURCE: ISO 14040:2006, 3.35, modified — Note to entry has been removed.]

4 Environmental performance evaluation of manufacturing systems

4.1 Manufacturing system life cycle phases and product life cycle phases

Every malllufacturing system has a life cycle comprised of the phases of design, construction/

reconfigurption, operation and retirement.

A manufadturing system manufactures products during the manufacturing system operation phpse,

which incl
manufact

Product
design
phase

Product
manufacturing
phase

Manufac

desi
phas

furing

systdm

P
e

>4

Manufacturing
system
constructiony
reconfiguration
phase

Manufacturing
system
operation
phase

Product
operation
phase

retirement
7 phase

Figu

The follow

re 1 —Interconnection of life cycle phases of manufacturing system and product

des the product manufacturing phase at the intersection point of the life cycle of both|the
ing system and the product, respectively, as illustrated in Figure 1.

Product

Manufacturing
system

retirement
phase

performance evaluation, because they can affect the environmental performance:

— type and quantity of product manufactured;

— manufacturing process;

— configuration of manufacturing system.

ng conditionsof a mannfqrhlring system should be taken into accountin the environmehtal

The environmental performance of a manufacturing system changes depending on the changes of the
manufactured products, such as changes of product quantity and/or product mix, changes in process
plans for manufacturing of products, and the changes of the manufacturing system configuration. It
also changes because of the changes in manufacturing execution control.
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4.2 Manufacturing system life cycle steps and their environmental influence

Manufacturing systems experience a long lifetime. They also have different environmental influences
resulting from iterative changes by their reconfiguration, such as layout changes, equipment
specification changes, retrofits for improving the capability or realizing the product mix change or
improving the compatibility or manufacturing performance and environmental performance. The
concept of a “life cycle step” is useful for explicitly identifying which occurrence or instance of the
manufacturing system configuration to evaluate.

Among the life cycle steps of a manufacturing system, two categories [the operation step and the
construction, reconfiguration or retirement (CRR) steps] are of particular interest for evaluating
environmental influence. The manufacturing system CRR steps decompose into construdtion steps,
recpnfiguration steps and retirement steps.

Environmental influences resulting from the life cycle steps of a manufacturing system arelillustrated
in Higure 2.

Life cycle steps of a manufacturing system

I I
I I
I I
Employed 1 I
bquipment 1 I
I Construction , Waste & release
Materials I and/or I >
] reconfiguration I
Other resources | steps = I
I v I
' A |
: f Operation steps \ [
|
Products
|
Materials Manufa@mng | >
1 p ess , Reusable|materials
Other resources —>
. ubjected to | anddnergy
| . | Waste & release
I A\ evaluation | >
Material : I Reusabld materials>
ateria’s I and ¢ner:
T = Other | 8y
Other resources | > manufacturing , Waste & release >
: processes - l
|
. - v .
1 ~ | Waste & release >
Other resources I Retirement I R d
4 1 etjre
steps
1 P ) I equigment >
|

Fighire2 — Environmental influence resulting from the life cycle steps of a manufacturing system

Regarding environmental influences in the operation step, materials and other resources are the inputs
to the manufacturing process, and the product, reusable materials and energy, and waste and release
are the outputs from the manufacturing process. Those inputs to and outputs from the manufacturing
process influence the environment and they can cause environmental impacts.

Manufacturing systems can have equipment that is not directly involved in the manufacturing process,
such as power distribution system, on-site power generation system, coolant and lubricant supply and
treatment system, lighting and air conditioning.

In the construction steps and the reconfiguration steps, environmental influences occur from:

— employed equipment;
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— other resources used;

— waste and release.

In the retirement steps, environmental influences occur from:
— residual CRR influence of retired equipment;

— other resources;

— waste and release.

NOTE se cases of ISO 20140 are shown in Annex A.

5 Requjrements for environmental performance evaluation
This clausd specifies requirements for the environmental performance evaluation.
NOTE etail specifications can be found in other parts of ISO 20140.

The envirdnmental performance evaluation should consider the entire life cycle of the manufactufing
system, indluding all life cycle steps.

Since a mgnufacturing system manufactures products during the operation step, the operation step
is the mosf§ critical part of a life cycle of a manufacturing system, when considering its environmeptal
influence. Environmental aspects in the CRR steps should alsoibe taken into account for evaluafing
environmental influence of a manufacturing system, if necessary:

The environmental performance evaluation under the operation steps shall include:
— all opgration modes of the manufacturing system;
— all inpyits and outputs associated with manufacturing process subjected to evaluation.

Evaluation| of the environmental performanhce of a manufacturing system shall conform to |the
environmental performance evaluation proeess specified in ISO 20140-2.
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