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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

This part of ISO 20140 establishes an overview and general principles of a method for the assessment of

env

ironmental influence of manufacturing systems.

[SO 20140 specifies a method for evaluating the energy efficiency of a manufacturing system and other
factors, e.g. energy consumption, waste and release, etc., that influence the environment. The evaluation
method provides guidelines to analyse the usage of energy by the manufacturing system and the effects
of the manufacturing system on the environment. [SO 20140 systematically evaluates the environmental
influence through analysing the manufacturing activities and the manufacturing system.

ISO
maq

20140 is intended for discrete products/parts manufacturing systems, such as those used

in forming,

hining, painting, assembling, testing and other manufacturing processes in the prodictior] of aircraft,

autpmobile, electric appliances, machine tools and their components, and other similarprodiicts.

The
stry
afa
diff]
indi

The
env

ISO

cture built from individual manufacturing equipment, i.e. a work unit, aswork centre, a
ctory. ISO 20140 provides evaluation methods for the influence on the environment, res

vidual manufacturing equipment operations.

evaluation method and underlying concept of ISO 20140 canalso be used as the founda
ironmental influence evaluation for continuous processesand/or batch processes.

20140 can be used for:

different manufacturing systems for producing the same product,

systems, work units and individual manufacturing equipment, and

ected users of ISO 20140 are:

managers for environmental conditions in a factory, site and enterprise;
engineers for{process planning of products;

planners-and designers for manufacturing systems; and

engineers and foremen that produce products by operating a manufacturing system.

The

structure of ISO 20140 and the relationships between parts are outlined in Annex F.

focused application domain of ISO 20140 is a manufacturing system that consists of the hjierarchical

h area, and
hlting from

erent manufacturing system configurations and from improvements'‘of production management and

tion for the

benchmarking of environmental influence withi¢a generic manufacturing system dr between
alternative studies of environmental inflience for improving a current manufacturing process,
reconfiguring a current manufacturing system/equipment, and designing a new manufactuijing system,

setting the top level target of environmental improvement and the breakdown to infermediate

improving the shop floor operations by visualizing the actual status of environmental irjfluence.

© IS0 2013 - All rights reserved
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Automation systems and integration — Evaluating energy
efficiency and other factors of manufacturing systems that
influence the environment —

Part 1:

o : MR

ISO
whi

The
sysf
aw

ISO
indji
syst

NOT
env

prodlucts/parts manufacturing process.

The

i5 part of ISO 20140 establishes an overview and general principles of a methdd for the ass

Scope

jronmental influence of manufacturing systems.

20140 specifies for the discrete products/parts manufacturing secters a common fourn
hodology for energy efficiency and other factors of environmental influence evaluat
bles sector specific methods to be applied in characteristic situations.

20140 enables an assessment to be made of the environmental influence of manufacturing
ch can be used either to seek an overall reduction in negative influence or an increase in posi

evaluation method of ISO 20140 is applicable to the environmental influence of a mar
em which consists of individual manufacturing€quipment, and which is configured as a
brk centre, an area or a factory.

20140 specifies the requirements for the‘environmental influence data to be capture
vidual manufacturing equipment, as theimost granular data for aggregating along the mar
em hierarchy.

E The evaluation method and“wnderlying concept of ISO 20140 can be used as the found3
ronmental influence evaluationfor a continuous process and/or a batch process, in common wit
following are outside-the scope of ISO 20140:

the environmentalinfluence evaluation methodology of systems outside the manufactur
boundaries (egyother systems of the same site or other systems of the entire enterprise

the environmental influence evaluation methodology to handle the complete product lif]

the method and data for environmental evaluation which are specific to a particular indu
madnufacturer, or machinery.

essment of

dation and
ion, which

processes,

iveresults.

ufacturing
work unit,

d from the
ufacturing

tion for the
h a discrete

ing system

7
e cycle;

Stry sector,

2

Normative references

The following referenced documents, in whole or in part, are normatively referenced in this document
and are indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

[SO 14040:2006, Environmental management — Life cycle assessment — Principles and framework

3

For

Terms, definitions and abbreviated terms

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

311

actual production time

APT

time during a work unit (3.1.46) production, which includes only the value adding functions

Note 1 to entry: Actual production time is described in ISO 22400-2:—1), 5.1.3.6.

3.1.2
area
physical, géographical or logical grouping of resource (3.1.39) determined by the site (3.1.41)

EXAMPLE It can contain process cells, production units, production lines, and storage zones.
[SOURCE: [EC 62264-1:—2), 3.1.1]

3.1.3
construction, reconfiguration and retirement influence
CRR influ¢nce

environmental influence (3.1.14) of a manufacturing system at its life history) steps of constructjon/
reconfigurption and retirement

3.14
direct influence
environmental influence (3.1.14) resulting from actual product preduction by direct operation (3.1.3) of
manufactuting equipment (3.1.29)

3.1.5
direct operation
mode of manufacturing equipment (3.1.29) which performs value adding functions in actual prodluct
production

3.1.6
energy
electricity,|fuels, steam, heat, compressed air, and other like media

[SOURCE: IISO 50001:2011, 3.5, modified — Notes have been deleted.]

3.1.7
energy effiiciency
ratio or other quantitative relationship between an output of performance, service, goods or eng¢rgy
(3.1.6), and an input of €nergy

EXAMPLE Convérsion efficiency; energy required/energy used; output/input; theoretical energy used to
operate/endrgy usédto operate.

[SOURCE: [SO-50001:2011, 3.8, modified — Note has been deleted.]

3.1.8

enterprise

one or more organizations sharing a definite mission, goals, and objectives to offer an output such as a
product or service

[SOURCE: ISO 15704:2000, 3.6]

1) To be published.
2) To be published. (Revision of IEC 62264-1:2003)
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9

environment
surroundings in which an organization operates, including air, water, land, natural resources, flora,
fauna, humans, and their interrelation

[SOURCE: I1SO 14001:2004, 3.5, modified — Note has been deleted.]

3.1.

10

environmental aspect
element of an organization’s activities or products or services that can interrelate with the
environment (3.1.9)

[SO

3.1,
eny
ECI
cha
acq

3.1,
eny
any|
an d

[SO

3.1,
eny

JRCE: ISO 14001:2004, 3.6, modified — Note has been deleted.]

11
ironmental characteristics data
)

Facteristics and/or performance specifications related to environmental aspect (3.
lired by measurement and declared by the equipment suppliers

12

ironmental impact

change to the environment (3.1.9), whether adverse or beneficial, wholly or partially res
rganization’s environmental aspects (3.1.10)

JRCE: ISO 14001:2004, 3.7]

13
ironmental index

1.10), both

hlting from

valye that represents environmental efficiency aid/or environmental influence related perfprmance or
characteristics

3.1014

enviironmental influence

chapges to the environment (3.1.9), whether adverse or beneficial, wholly or partially resulting from a
manufacturing system'’s environmental aspects (3.1.10)

[SOPRCE: 1SO 14001:2004,3.%/modified — “Environmental impact”, “any change” and “organization”
have been replaced by “environmental influence”, “changes” and “manufacturing system”.]

3.1{15

envlironmental influence footprint

sunj of environmental influence (3.1.14) of a manufacturing system component as a product (3.1.85), used in
the fonstructien and reconfiguration step of a manufacturing system, based on a life cycle assessnient (3.1.22)
3.1[16

factory

identified phycirn]’ gpngr:phiral ;\ndl/nr]ngiral component within a site (? 1 41), whichisan ol ganization

with resource (3.1.39) for manufacturing products or providing services, and which is controlled by and
reports to a business unit of a manufacturing enterprise (3.1.8)

Note 1 to entry: At least one factory is located within a site.

Note 2 to entry: A factory is the highest entity of a manufacturing system within a site.

3.1.

17

indirect influence
environmental influence (3.1.14) resulting from activities that support actual product production by
direct operation (3.1.5) of manufacturing equipment (3.1.29), in indirect mode (3.1.18) of manufacturing

equ

ipment and operation and maintenance of the manufacturing support system (3.1.30)

© IS0 2013 - All rights reserved
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3.1.18

indirect mode
mode of manufacturing equipment (3.1.29) to support its direct operation (3.1.5)

EXAMPLE

3.1.19
input

Idle/standby mode and maintenance.

material or energy flow that enters a unit process (3.1.42)

[SOURCE: ISO 14040:2006, 3.21, modified — “Product” has been removed from definition, and Note has

been delets

3.1.20

life cycle
<manufact
life history

[SOURCE: 1

3.1.21

life cycle
<product>
generation

[SOURCE: 1

3.1.22

life cycle 4
LCA
<manufact
environmel

[SOURCE: |
replaced by

3.1.23
life cycle 3
LCA

13
]

uring system> finite set of generic phases and steps a system may go through.over its en
(3.1.28)

SO 15704:2000, 3.11, modified — Concept domain has been added.]

consecutive and interlinked stages of a product system, from-raw material acquisitio
from natural resources to final disposal

SO 14040:2006, 3.1, modified — Concept domain has been added.]

ssessment

uring system> compilation and evaluation of the inputs, outputs and the poter
tal influence (3.1.14) of a manufacturing-ssystem throughout its life cycle (3.1.20)

SO 14040:2006, 3.2, modified — “Environmental impact” and “product system” have H

ssessment

tire

itial

een

“environmental influence” and “manufacturing system”, and concept domain has been added.]

<product>|compilation and eyaluation of the inputs, outputs and the potential environmental imppcts
(3.1.12) of 4 product system-throughout its life cycle (3.1.21)

[SOURCE: ISO 14040:2006y3.2, modified — Concept domain has been added.]

3.1.24

life cycle impactassessment

LCIA

phase of liféeZeycle assessment (3.1.23) aimed at understanding and evaluating the magnitude [and

significance of the potential environmental impacts (3.1.12) for a product system throughout the life

cycle (3.1.2
[SOURCE: I
3.1.25

1) of the product
SO 14040:2006, 3.4]

life cycle influence assessment

phase of life cycle assessment (3.1.22) aimed at understanding and evaluating the magnitude and
significance of the potential environmental influence (3.1.14) for a manufacturing system throughout the
life cycle (3.1.20) of the manufacturing system

[SOURCE: 1SO 14040:2006, 3.4, modified — “Impact” and “product system” and “product” have been
replaced by “influence” and “manufacturing system”.]

© ISO 2013 - All rights reserved
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3.1.26

life cycle inventory analysis

<manufacturing system> phase of life cycle assessment (3.1.22) involving the compilation and
quantification of inputs and outputs for a manufacturing system throughout its life cycle (3.1.20)

[SOURCE: ISO 14040:2006, 3.3, modified — “Product” has been replaced by “manufacturing system”,
and concept domain has been added.]

3.1.27

life cycle inventory analysis
<product> phase of life cycle assessment (3.1.23) involving the compilation and quantification of inputs
and|outputs for a product throughout its life cycle (3.1.21)

[SOURCE: ISO 14040:2006, 3.3, modified — Concept domain has been added.]

3.1.28
life|history
actyal sequence of steps a system has gone through during its lifetime

[SOPRCE: ISO 15704:2000, 3.12]

3.129
mahufacturing equipment
equlipment which is operated for directly producing a product{in*a manufacturing process

3.130
mapufacturing support system
system which is used for providing the necessary othefresource (3.1.32) to a manufacturing/system

3.131
material
prithary or secondary material, or intermediate product, that is used to produce a product

Not¢ 1 to entry: Secondary material includésrecycled material.

[SOPRCE: ISO 14040:2006, definitionn 3.15, modified — “Raw material” has been replaced by “material”
as the term, and “intermediateproduct” has been added to the definition.]

3.132
other resource
inpyt (3.1.19) other thafthe material (3.1.31)

EXAMPLE Energy (3.1.6); coolant and lubricant; air conditioning and lighting.

Not¢ 1 to entry:{The term “other resource” is used in order to distinguish it from such resources (3.1.39) of a
manufactusing’system as manufacturing equipment (3.1.29) and manufacturing support system (3.1.3p).

3.133
outbut
product (3.1.35), material or energy flow that leaves a unit process (3.1.42)

Note 1 to entry: Products and materials include raw materials, intermediate products, co-products and releases.
[SOURCE: ISO 14040:2006, 3.25]

3.1.34
process
set of interrelated or interacting activities that transforms inputs (3.1.19) to outputs (3.1.33)

[SOURCE: ISO 14040:2006, 3.11]

© IS0 2013 - All rights reserved 5
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3.1.35
product

any goods or service

[SOURCE: 1
3.1.36

SO 14040:2006, 3.9, modified — Notes have been deleted.]

production line
collection of equipment dedicated to the manufacture of a specific number of products or product families

Note 1 to entry: A production line is a type of work centre.

[SOURCE: 1

3.1.37
release
emissions {

[SOURCE: I

3.1.38

residual C
CRR influer
through th

3.1.39
resource
enterprise
(3.1.8) acti

[SOURCE: I

3.1.40
reusable 1
material (3

EXAMPLE

3.1.41
site
identified

[SOURCE: 1

3.1.42

unit proce
most detai
evaluation

EC 62264-1:—, 3.1.32]

o air and discharges to water and soil

SO 14040:2006, 3.30]

RR influence

e specific term of CRR influence charge/offset process and/ef.at the time of retirement

entity that provides some or all of the capabilities fequired by the execution of an enterg
ity and/or business process

S0 15704:2000, 3.18]

haterial
.1.31) remaining after a manufagturing process which can be reused or recycled

Chips as removed materials‘after machining; removed material after die casting.

hysical, geographical;and/or logical component grouping of a manufacturing enterprise (3,

EC 62264-1:— 3.1.39]

SS

for which input and output data are quantified

led attivity element of a process (3.1.34) considered in the environmental influence (3.1].

ce (3.1.3) of a manufacturing system and its components, whi¢h is still residual after offfset

rise

1.8)

14)

[SOURCE: ISO 14040:2006, 3.34, modified — “Smallest element” and “life cycle inventory analysis” have
beenreplaced by “mostdetailed activity element of a process” and “environmental influence evaluation”.]

3.1.43
waste

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

[SOURCE: I

SO 14040:2006, 3.35, modified — Note has been deleted.]

© ISO 2013 - All rights reserved
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3.1.44

work cell

equipment grouped together to produce a family of parts having similar manufacturing requirements
within a production line

Note 1 to entry: A work cell is a type of work unit.
[SOURCE: IEC 62264-1:—, 3.1.43]

3.1.45
work centre
storfage, material movement, or any other Level 3 or Level 4 scheduled activity

Tared (312 imaToie-based equipment ierarcny production,

[SOPRCE: IEC 62264-1:—, 3.1.44]

3.146

work unit
equiipment element under a work centre (3.1.45) in a role-based equipmeént hierarchy that performs
profluction, storage, material movement, or any other Level 3 or Level 4(scheduled activity

Not¢ 1 to entry: Awork unitis the most detailed collection of manufacturingequipment of a manufactyring system
congidered in the environmental influence (3.1.14) evaluation for whiclrinpuit and output data are qugntified.

[SOPRCE: IEC 62264-1:—, 3.1.45, modified — “Note 1 to entryp™has been added.]

3.2| Abbreviated terms

APT Actual Production Time

CRR Construction, Reconfiguration and-Retirement (of a manufacturing system)
ECD Environmental Characteristics'Data

LCA Life Cycle Assessment

4 |Manufacturing system and its environmental influence evaluation
4.1 Product life€ycle and manufacturing system life history

4.1{1 Productlife cycle and manufacturing system life cycle

The manufacturing process for producing a product is positioned at the intersection of the product
life [cycle,‘the manufacturing system life cycle and the business process, as illustrated in Figure 1. The
profuct life cycle and the manufacturing system life cycle have common life cycle stages gnd phases,
respectively, of design, production, operation and support, and retirement.

The product production at a factory may change depending on the change of product quantity and/or
product mix corresponding to a customer order change, starting a new production of a newly designed
or design changed product, and a manufacturing system configuration change.

The manufacturing system environmental influence at a factory may change depending on the product
production changes, and changes in process plans for producing a product, and the manufacturing
execution control, for improving the environmental influences.

© IS0 2013 - All rights reserved 7
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Productlife cycle
Product
design
. Product
. Manufacturing retirement
BusinessProcess process ]
] & Product Product
Customer Production oaue ) oneration /
order > order S Provcion .support'
receive release
enabled$)y
Manufacturing
system
operation/ [N
support
A7
Manufacturing
system Manufacturing
production system/
] component
Manufacturing e
system
ddsign
Manufacturing systemlife cycle
Figure 1 — Product life cycle and’'manufacturing system life cycle

4.1.2 M:|nufacturing system life history-for its environmental influence evaluation

An environmental evaluation of a manufacturing system shall consider the whole life history steps of the
system in dddition to its operation(step where actual production is executed, as illustrated in Figure 2.

8 © IS0 2013 - All rights reserved
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Manufacturing
process & system

Product life cycle

Mat
and
pro

NOT
are
for 1]
the

NOT

Line types for , ——— Direct influénce - Indi . - )
: : . : Indirect influence, : CRRinfluence.
boxes & arrows = ———— -

Figure 2 — Product life cycle and manufacturing system life history

product, reusable material and energy, and waste and release, as the output from the mar
Cess that influences+the environment, are identified in Figure 2.

E1 Neitherthe product design stages nor the manufacturing system design phases (identified
dentified intEigure 2, because both product design and manufacturing system design are the give
he environmental influence evaluation of a manufacturing system for actual product production
rustomer-order under the business process.

E2, " The life history concept is designed to identify the representation in time of activities,

Manufacturing Product Product
Material == process =3 Product == operation/f=>» retirement
A support
Enabled|/by
Reusable
. > material
Otherresource Manufacturing & ener
for — equipment &
direct operation direct operation Waste &
>
e.g. A : ! release
energy, - |1 !
coolant, !":_':'____YJ'____:'_':""!
lubricant Y ; ! -
i ¢ Manufacturing § i napyfactiaring system
t o equipment |1 life ‘histor
! linindirect mode: ! y
] = - ]
L y !
: ! Manufacturing ! :
SRR g ; ! support system ! CARNT = === =
I Manufacturing ! : L SUPPOTE SysteT.s : i Manufacturingz
: system L LB system/
; construction/ ; , component |
i reconfiguration | ; retirement !

erial and other resources,as the input to the manufacturing process thatinfluences the enyironment,

ufacturing

in Figure 1)
h conditions
for realizing

carried out

oO1c7n04.200N0N0 4

5704:2000,

thr

Balolifo Lot iela 24 43 s i o d o 1C 20 A 1o i TCA
USIT T TOTCIIrStUT y Wit riCT atrv e ITatur O, S ptlmmtu T IoU 1097 U T. ZU U U, 1. 40 7 dITua CAPTATIICU TIr row

A.3.1.3.3, in relation to the life cycle specified in ISO 15704:2000, 4.2.8.

For environmental influence evaluation, every step of the life history of a manufacturing system shall be
identified and its actual environmental influence data shall be acquired.

The life history steps of a manufacturing system for which significant environmental influences occur are:

construction/reconfiguration,
operation, and

retirement.

© IS0 2013 - All rights reserved
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The operation step of a manufacturing system is comprised of the direct operation mode and indirect
mode of the manufacturing equipment, e.g. idle/standby mode and maintenance, and operation and
maintenance of the manufacturing support system. The manufacturing system retirement step includes
reuse, recycling and disposal of system components.

NOTE 3  The activities across the life history of a manufacturing system in relation to environmental influence
are studied in Annex A.

4.2 Manufacturing system hierarchical structure

The manu
equipment| placed into work units (work cells), aggregating through the work centre (production-line)
and areas o a factory as the largest extent of aggregation at the top node, as illustrated in Figure 3,
Site
Facto i
 evel 4 ry Manufacturing system Level 4
Level 3 Level 3
| | |
Area
|
|
Work centre
(Production line)
Work unit
(Workcell) —|
|
|
Manufacturing
support system
Level 2 Level 2
|
l
Manufacturing Manufacturing
equipment support equipment
Figure 3 — Manufacturing system hierarchical structure

NOTE1 The manufacturing system hierarchy, illustrated in Figure 3, is consistent with the role-based
equipment hierarchy specified in IEC 62264-1:—, 5.3, except that factory is identified under the site. Level n in
Figure 3 represents the corresponding Level n of the functional hierarchy level specified in [EC 62264-1:—, 5.2.1.

NOTE 2  The production line or work cell (shown in parentheses) represents a type of work centre or work unit,
respectively, for discrete production.

NOTE 3  ISO 20140 focuses on Level 3, with the interface to Level 2 and Level 4. It acquires actual data from
Level 2, receives production planning data from Level 4, and reports environmental index, as the result of
environmental influence evaluation, to Level 4 (see Clauses F.4 to F.6).
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4.3 Environmental influence evaluation

The environmental influence during the manufacturing system construction/reconfiguration, operation
and retirement steps shall be evaluated by applying the standardized life cycle assessment (LCA)
method, as specified in ISO 14040. For this evaluation, the manufacturing system is considered as the
target product for the analysis by the LCA method.

An appropriate application of the LCA method shall carefully consider the characteristics of the
manufacturing system and itslife history. The following aspects are essential for a careful manufacturing

system evaluation:

A manufacturing system consists of relatively complicated systém equipment, which i

a Iq
voly
the
The
con
infl
objé
whyd
an (
con
and

5.1
The

the environmental influence shall consider evaluation for the whole manutacturing
history, as shown in Figure 2;

the environmental influence shall be evaluated corresponding to the different systen
modes, as explained in 5.2.1 and 5.2.2;

the functional unit of the evaluation by the LCA method shall be determined with
output products of the manufacturing system, and shall be a basis for'the system value
discussed in 5.4.2.

ng time and performs in various modalities: in mass pfoduction, variable produc
Ime production, and small volume/one-piece productiornf, Depending on these charac
manufacturing system, the environmental influence duting system operation is very
refore an influence evaluation at the operation step.issmandatory, and influence evalug
struction/reconfiguration and retirement steps are* optional. The importance of env
ience during respective manufacturing systei \ife history steps could vary accord

re manufacturing technology is mature and the manufacturing system is used for a |
peration step has greater importance. Insituations where the manufacturing system is
structed or re-configured due to rapiditechnology innovation and market changes, the
construction/reconfiguration steps-bécome more important.

Evaluation method of énvironmental influence

Methodology of environmental influence evaluation
methodology of theenvironmental influence evaluation of ISO 20140 shall consist of me

collecting and” organizing environmental influence data from the resource hiera
manufacturing system;

evaluating the contributions across various operation modes (direct operation, idle/sta

kystem life

operation

respect to
evaluation

s used for
ts/variable
teristics of
important.
ition at the
ronmental
ing to the

ctives of the evaluation and the characteristics'of the manufacturing system concerned. In situations

ng period,
frequently
retirement

thods for:

rchy for a

ndby mode

antmaintenance) of manufacturing equipment to the overall influence from the various s

f

history of a manufacturing system, i.e. from construction/ reconfiguration, via operation, to fetirement;

psin alife

— ensuring the consistency between each view summary of the manufacturing system view and the

output product view.

Individual manufacturing equipment data shall be able to:

a) represent every mode of individual manufacturing equipment activity, e.g. normal operation, idle/
standby mode and maintenance;
b) use interchangeably actual environmental performance acquired from the manufacturing system

and environmental characteristics data (ECD) of manufacturing system component suppliers.
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5.2 Unit process of manufacturing process

5.2.1 Process approach and system boundary of a process

For system environmental influence evaluation, a manufacturing system boundary shall be clearly
determined. The basic object for evaluation is a process. A process can be determined at different scales or
granularity, e.g. individual manufacturing equipment, a work unit (work cell), a work centre (production
line), an area or a factory, depending on the evaluation objectives. Appropriate definitions of processes in
respective expert domains shall be referenced. By combining the input and output of several processes,
an aggregate process can be determined as a target for environmental influence evaluation.

Foranenvironmentalinfluence evaluation, the constituentsofaprocessshallbetheactivitiesdeconipgsed
to a granularity which is sufficient for a requested accuracy of the evaluation. These constituents|are
unit procegses in the standardized LCA method, as specified by ISO 14040, and can consist oflactivities
that combihe several work units (work cells) or a unit process can correspond to an activity of one work
unit (work{cell). The system boundary encapsulates these unit processes and externalizes their input
and output], as illustrated in Figure 4.

: Indirect influence 11 CRRinfluence i
———————————————————————————— o o
. ; C Manuiqiong systoms
| Manufacturing | ] ! g sy i
i R 1 ! Manufacturing construction, :
equipment 1 g .
[, | support system 1 réconfiguration & i
1 inindirect mode 1 | 1 ! h
PO e 1 retirement 1
Manufacturing
Other resource Other resource system component

1 1 Other resource

1 1 1

|-----------1 : !-.-.-.-.-.-.-.-.-r

v System boundary

of unit process

Material % Manufacturing » Product
process
enabled” by

)
Q
£
5
g .
& Work piece ‘_'VOl‘k piece Reusable
e in process In process —> material
_?:‘ Dther resource Manufacturing & energy
a for equipment
direct operation direct operation Waste &
release
e.g. energy, T T T
coolant, preesscssana 1 Rty
lubricant v ¢ v
Waste & release Waste & release Reusable/recyclable/
disposed
manufacturing
system component

Waste & release

Line types for , _) : Indirect influence, -.-.-) : CRRinfluence.

: Direct influence, =
boxes & arrows =~ = ' mmm

Figure 4 — Unit process model

NOTE1 Theresponsibility of the organizational role with regard to environmental influence, in relation to the
activities across the life history of a manufacturing system, is studied in Annex B.

NOTE 2  Examples of cases for environmental evaluation are shown in Annex C.
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5.2.2 Unit process input and output

5.2.2.1 Input and output influence classification

Each input and output across the system boundary of the unit process concerned shall be enumerated
and evaluated for environmental influence through the manufacturing system life history steps,
as appropriate to the evaluation purpose, and shall be classified into one or more categories: direct
influence, indirect influence and CRR influence.

[llustrated in Figure 4 are sources of influence resulting from input to and output from a unit process.

The

the former

sho
wit
valy
the

long
NOT

NOT
ope

5.2]
Inp{

pro
reu
pro
res
ma
con

Wol
pro
as a
wit
stay
out

5.2]

In t
infl

;

seinfluencesare dividedinto directinfluence indirectinfluence and CRR influence with
ivn on the horizontal axis and the latter two on the vertical axis. The direct influence’is
h actual product production by direct operation mode of manufacturing equipment;whi
le adding functions. The indirect influence is associated with supporting product pro

associated
ch perform
duction by

manufacturing equipment direct operation, e.g. indirect mode of manufacturing equipment and
maintenance and operation of manufacturing support systems. The CRR influen¢eis associat

¥ term influences due to construction, reconfiguration and retirement of the-manufactur

E1 Inputto/output from unit process, explained in 5.2.2.2 to 5.2.2.4, age'summarized in Ann

E2 The time models specified in ISO 22400-2:—, Clause 5, provide one means for distingui
Fation from indirect mode of manufacturing equipment or indirect.process activities within a wo

2.2 Direct influence

ed with the
ng system.

ex D.

shing direct
rk unit.

it and output in the horizontal direction of Figure 4 are’used/consumed by direct operation mode of
manufacturing equipment, which performs value addifig functions, and/or are contained in

Hucts. The input shall include material and other resource, and the output shall inclug
bable material and energy, waste and release:*Material shall consist of raw material an|
Huct production. Other resource for direct operation shall consist of energy and other
urces for product production, e.g. coolant, lubricant. Product represents the target prod
ufacturing system. Reusable materidl-and energy, and waste shall consist of all input w
fained in the target products and-release represents all releases to the environment.

'k piece in process shall consist of all existing work pieces within the boundary of the
Cess, for a specified intervalef time. Evaluation shall be performed for a specified time inf
month or a year. Some ifiput could be instantly processed and output is generated. Some
hin a system boundary,and could be used after some amount of time. In some cases, inp
s within a system(houndary, without any direct output, during the evaluation interva
but could be generated without any direct input.

2.3 Indirect influence

he vertical direction of Figure 4, the left and centre input and output pairs represe|
1erfce'in support of manufacturing equipment direct operation. These pairs identify mar

the output
le product,
d parts for
consumed
icts for the
rhich is not

target unit
erval, such
input stays
Lt material
. Similarly,

nt indirect
ufacturing

equiipment in indirect mode, which may include idle/standby mode and maintenance, ang

operation

and maintenance of manufacturing support systems, e.g. power distribution systems, on-site power
generation, oil/water/chemicals/gas/air supply/ treatment systems, lighting and air conditioning. The
output includes waste and release.

5.2.2.4 CRR influence

The right side input/output pair in the vertical direction represents CRR influence that occurs
in long time intervals. CRR influence is comprised of input to/output from manufacturing
system construction/reconfiguration and retirement step. Input to the manufacturing system
construction/reconfiguration step contains manufacturing system components, carrying the
environmental influence footprint of the used system components and/or residual CRR influence of
the reused system components, and used other resources. Output from the manufacturing system
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retirement step contains residual CRR influence of the reusable, recyclable and/or disposed system
components, and waste and release.

5.2.3 Consistent process approach throughout manufacturing system hierarchy

Thoseitems specified foraunitprocessin5.2.1and 5.2.2, e.g. requirements for clear cut system boundary,
identification of input to/output from a process, and the environmental influence classification of direct
influence, indirect influence and CRR influence, shall be addressed consistently throughout every level
of the environmental evaluation of the hierarchical structure from a work unit (work cell) to the entire
manufacturing system being evaluated.

5.3 Envilronmental influence

By considefing all of the other resource crossing the system boundary, system environmental thfluepce,
ig, due to the manufacturing system is evaluated by summing the environmental influence from all pinit
process inputs and outputs, as follows:

=) it D i+ D i (1)
unit process unit process  unit process
where
iE is environmental influence;
ip is direct influence;
it is indirect influence;
ICRR is CRR influence.

5.4 Environmental index evaluation

5.4.1 Enyironmental efficiency

The concept of environmental efficiency, eg, expressed as a function F of system value and system
environmental influence shall be used as an index for environmental evaluation, as follows:

ep = F (v, i) (2)
where
eE is environmental efficiency;
Vs 1S\system value;
is is system environmental influence.

Based on this concept, appropriate functions F are elaborated by considering evaluation objectives,
production conditions and associated environmental influences. System value and system environmental
influence are measured by different units. For environmental efficiency evaluation, a reference system
is set up. A relative value of index values of a target system and a reference system is a valid evaluation
for environmental efficiency.
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The explicit definition of a function F depends on respective use cases given in ISO 20140-2. For example,
one of the definitions is given as follows:

€ = (3)

where system value is determined as a useful physical output or added value from manufacturing system
operations, and environmental influence is calculated based on system inventory data throughout the
manufacturing system’s life history by applying the method of LCA, specified in ISO 14040. Because
system value and system env1ronmental influence are calculated on dlfferent measures, the ratio of the
7 should be

5.42 System value

The| system value and a method for its calculation shall be explicitly specified.
NOTE1 IS0 20140-2 provides several means for determining system value.

EXAMPLE1  System value could be product price, product quality and feattires, production volume} production
lead time, and many other suitable definitions.

NOTE 2  Ideally, useful physical output or added value expresses system value. System parameters, e.g. system
availability, material usage rate (yield), are related to system valueyand are likely candidates for evajuation with
respect to system environmental influence.

Useful system output directly related to system value shall be separated from other inventory data.

NOTE 3  This separation permits the itemization and differentiation of data, and facilitates quapntifying the
environmental improvement of a manufacturing system.

EXAMPLE 2  Reusable material and energy, waste and release from production processes are treatef separately
from the target products.

5.4.3 Basement data for life cycle.inventory analysis/life cycle influence assessment

The environmental evaluation-process, specified by ISO 20140-2, shall represent the basemé¢nt data for
life [cycle inventory analysis-and/or life cycle influence assessment of a manufacturing systpm and life
cycle impact assessment.of their output product, and/or all over their site and/or entire entgrprise.

EXAMPLE Requirements and/or guidelines for that analysis and assessment are specified andfor given by
the $tandards for:

— |life cycle assessment, greenhouse gases, carbon footprint and material flow cost accounting, developed by
ISO/TC 207 (see References [3], [5], [8], [9], [10] and [6]);

— |energy management systems, developed by ISO/TC 242 (see Reference [11]);

— lproductand/or nroduct svystem design developed by ISQO/TC 207 and IEC/TC 111 (see Referemnces [2] [4]
r 7 r J o 7 r J 7 7 AY =1 =1
[7] and [12]).

6 Evaluation process of environmental influence

6.1 Evaluation process of environmental index

The method for evaluating an environmental index for a manufacturing process shall be applicable at
every process level and provide a consistent summary mechanism for the manufacturing system and/or
product (group) concerned.

The process for evaluating the environmental index of a manufacturing process shall be capable of
evaluating at any level of the manufacturing system concerned and/or product (group) concerned, the
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summary of them shall be consistent, and the evaluations and the results of the evaluations should be
associative and commutative.

NOTE A process model for specifying the method for the evaluation of environmental index, specifying
environmental efficiency and system value, is specified by ISO 20140-2 (see Clause F.4).

6.2 Aggregation process of environmental influence

The environmental influence evaluation shall acquire data from individual manufacturing equipment
within work units (work cell) and aggregate those data at the level of a unit process. Aggregation along
the hierarchical structure of the manufacturing system up to a factory level shall follow

NOTE A process model for environmental influence aggregation is given in ISO 20140-3 (see Clause E.5)

6.3 Allogation/charge process of indirect/CRR influence

6.3.1 Allpcation/charge method of indirect/CRR influence

ach
rect

The envird
view sumi
influence

nmental influence evaluation method shall be capable of ensuring'the consistency of ¢
hary of the manufacturing system view and the product view, by allocating the indi
d charging CRR influence onto the proper direct influence element.

NOTE 1 he process model, for specifying the method for the evaluation of indirect influence and/or CRR
influence, and for the allocation of indirect influence and/or for the charge'df CRR influence onto the proper direct

influence el

NOTE2 1
measuring g
allocation o

Residual C
CRR influe

6.3.2 LC/

The manu
evaluated |
manufactu
method. Ej
shall be ag

bment, is given in ISO 20140-4 (see Clause F.6).

'he knowledge and best practice of cost accounting.can’be applied to ISO 20140-4, with respe
nd evaluation of indirect influence and CRR influence, and to planning, calculating and offsettiy
Findirect influence and/or charge of CRR influenceonto the proper direct influence element.

hce charge/offset process.

\ method for CRR influence

facturing system construction/reconfiguration influence, out of CRR influence, shal
by LCA method, e.g. specified in ISO 14040, considering that the constructed/reconfigy
ring system and its cemponents are treated as a target product for the analysis by the
xamples of CRR influence in construction/reconfiguration step, on which the LCA met
plied, are the environmental influence footprint of the used system components and

't to
g of

RR influence shall be re-evaluated by following the offset result at the end of specific term of

be
red
LCA
hod
the

residual CRR influence ofithe reused system components.

ntal
hple
CRR

The same |consideration shall be applied for the manufacturing system retirement environme
influence, gut of the'€CRR influence, to derive the environmental influence by that process. An exan
of CRR influence’in the retirement step, on which LCA method shall be applied, is the residual
influence olf the'reusable, recyclable and disposed system components.

6.3.3 End oflife consideration

At the time of the retirement of obsolete system components of a manufacturing system, if the
system components are still active, or have some production capacity, and could be reused for other
manufacturing systems, residual CRR influence corresponding to this remaining capacity can be
removed from the manufacturing system evaluation if it was previously included. If the retired system
component is effectively reused for another purpose, then the corresponding part of the residual CRR
influence of the retired system component shall be subtracted from the residual CRR influence of the
original manufacturing system, and shall be carried by each system component and succeeded to the
next manufacturing system. In the case of system component retirement without reuse, the residual
CRR influence/system value of the retirement system component from its current status until the
complete expenditure of its capacity shall be subtracted from the residual CRR influence/system value
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of the manufacturing system. No generally accepted procedure for active system or system component

reti

7

7.1

rement exists, therefore it shall be explicitly specified.

Data for environmental influence evaluation

General

To perform an environmental influence evaluation of a manufacturing system, information concerning
manufacturing activities is necessary. By clearly defining these information data items, it is possible to

per

NOT
in I§

NOT
viey

T oI T T T S ST O ero— STV I O T CTreotr I r rore e verrerercroTT

E1 Thedetails of such dataitems, their data formatand the requirements for data acquisition 3
0 20140-5.

E2 1SO 20140 can be applied in many versatile use cases, for various purposes@nd various
s, for environmental influence evaluation. This part of ISO 20140 specifies conformance classes, f

common guidelines for data classification (see Annex E).

7.2

7.2]

Dat
env
allo
env

7.2,

To

To ﬁ)erform the environmental influence evaluation, many aspects of the manufacturing sy
included. To identify these aspects, a set of reference data shall be collected so that t

Data categories for environmental influence evaluation

1 General

ironmental influence along with hierarchical structure of a manufacturing sy
cating/charging indirect/CRR influence onto proper‘direct influence elements, shall inc
ironmental data elements and reference data elements.

2 Actual data

erform the environmental influence evaluation, the following actual data shall be collec
material tracking data;

direct influence data of individual manufacturing equipment in direct operation mode;

indirect influence dataofiindirect mode of individual manufacturing equipment, and op{
maintenance of a manufacturing support system;

CRR influence data:

13 Reference data

re specified

concerns or
br providing

h categories required for environmental evaluation“<by capturing actual data, aggregating

rstem and
lude actual

red:

bration and

fiCipating unit processes and their respective inputs and outputs can be determined. Thes

Group 1: process plan data;
Group 2: manufacturing process data;

Group 3: manufacturing system data.
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7.3 Actual data in operation step

7.3.1 General

Actual data from individual manufacturing equipment and from manufacturing support systems shall
be collected to perform the identification of and calculation of environmental influences, as specified in
5.2.2 (see also Annex D).

7.3.2 Actual data of manufacturing equipment in operation step

a) Manufpcturing equipment operation data

Envirgnmental influence data, under the operation step, shall be acquired from ifidividlual
manufpcturing equipment, which shall be capable of distinguishing direct operation mode [and
indire¢t mode.

b) Data of input to/output from manufacturing process

Data of input to/output from the manufacturing process, including materiattracking data, shall be
acquirged.

7.3.3 Actual data of manufacturing support system in operation step
a) Manufpcturing support system operation data

Envirgnmental influence data, under the operation step,“shall be acquired from manufacturing
suppoftt systems, which shall be capable of distinguishing’éoperation mode and maintenance.

b) Data of input to/output from manufacturing supportsystem

Data of input to/output from the manufacturing support system shall be acquired.
7.4 Actual data in construction/reconfiguration and retirement step

7.4.1 General

Actual datq from the manufacturing)system construction/reconfiguration and retirement step shall be
collected t¢ carry out identification and calculation of environmental influences, as specified in 6.3 [see
also Annex D).

7.4.2 Actual data in ¢enstruction/reconfiguration step

Actual datp of input/to/output from the manufacturing system construction/reconfiguration step
shall be acuired.

7 4_ 3 AC AT data 10 ratinanaant cinn
[ . Ul MAdltd TIiT 1 LI v IiiIviIie thll

Actual data of inputto/output from the manufacturing system/componentretirementstep shall be acquired.
7.5 Reference data

7.5.1 General

To perform the environmental influence evaluation, a set of reference data shall be collected so that
the range of participating unit processes and their respective inputs and outputs can be determined,
correctly aggregating environmental influence along with the hierarchical structure of a manufacturing
system, and correctly allocating/charging indirect/CRR influence onto proper direct influence elements
(see Clauses F.4, F.5 and F.6).
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2 Group 1: Process plan data

The following data shall be referenced to identify each process within the manufacturing process for
tracking the product view:

7.5.

the process plan data of each product at the level of parts routing.

3 Group 2: Manufacturing process data

The following data shall be referenced to identify each process within the manufacturing process for
tracking the production control view:

7.5,
The

7.6

Fun

7.7

Many of the datarelated to the definition and operation of manufacturing systems have been st

alre
refe

EXA
spe
supj

the operation plan/status report of a manufacturing system;

the production plan/status report of production control, and the execution plan/statu
manufacturing execution.

4 Group 3: Manufacturing system data

following data shall be referenced to identify each process within themanufacturing systen
the hierarchical structure of a manufacturing system;

the specification of manufacturing equipment;

the specification of manufacturing support systems;

the service zone of each manufacturing support system.

Environmental characteristics data (ECD)

damental requirements and guidelines.for ECD are specified in ISO 20140-5.

Existing data standards

ady in related International Standards. In such cases, existing International Standards
rred to and extended, as-necessary.

MPLE Data relatéd to product production, manufacturing system operation, and product |
ified by the International Standards for process planning, resource usage management, and prod
bort, developed by ISO/TC 184/SC 4 (see References [13], [14] and [15]).

s report of

| hierarchy:

indardized
should be

fe cycle are
lct life cycle
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Annex A
(informative)

Activity model of manufacturing system life history and its
environmental influence

A.1 IDEF-Env Notation

(IDEFO-Env: IDEFO for environmental influence of manufacturing process)

IDEFO is

esigned and has been used as an illustrating tool for understanding the thanufactu
processes and the effect/influence analysis of process improvements.

NOTE IDEFO is established in Reference [23].

The originpl IDEFO notation is illustrated in Figure A.1 a) (corresponding to-Figure 3 in the orig
IDEFO0 docyiment[23]).
\Y
Control QO Coltrol Refeience
Function (tObMater(id) —p MaPnufactu/ring ) Product
Input ’ - ' rocess
(to pe processed) (OfACtIVItYJ Output \h Activity
. P — — P> Record
An be processed) An
) 1 ]
Mechanism Call \ Mechanism Call
(Mean) Detail N~ (Mean);  Detail
. ’\C) Resource
a) IDEFO Notation

in FIPS Pub. 18

Figure 3 Arrow positions and rolls,

b) IDEFO0-Mfg Notation
(for Manufacturing process)

Control ReferenceU
.

Matprial Manufdcturing
(to be prdcessed) Process/
Inpug data Activity

(to be prdcessed) An

& other | can

—> Product

— — > Record

\ > Environmental influ.
of Process/ Activity

Control Reference

Material
(to be processed)

Manufacturing
System/
Component

Sn/ Cn

Product

Input data
(to be processed) = P> Record
~ .’ Environmental influ.

of System/ Componenf

]
Other | call

(Process/ Activity)

c) IDEFO-Env-PA Notation

% resource i Detail resource  Detail
System/ Sys:em/
Component Component

d) IDEFO-Env-SC Notation
(System/ Component)

Figure A.1 — IDEF0-Env Notation

IDEF0-Mfg notation, used for representing the manufacturing process/activity, is illustrated in

Figure A.1 b), with following modifications of original IDEF0 notation:

— Manufacturing Process/Activity (An) is positioned at Function (of Activity);

20
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— Material and Input data are positioned at Input;
— Product and Record are positioned at Output;
— Reference is added at the next to Control;

— Resource is added at Mechanism (Mean).

IDEF0-Env is designed for illustrating the environmental influence of the manufacturing process, to be able
to succeed the accumulated studies on manufacturing process/activity, by applying IDEF0/IDEF0-Mfg.

Theﬁmmwumumgw_mmmmig process/
activity, and in Figure A.1 d) to represent the manufacturing system/system component, and are

sucgeeding the notation of IDEF0-Mfg, with following modifications:
a) |System/Component and Other resource are placed at Mechanism (Mean)/Resolirce;

b) |Environmental influence is to be placed at the right end of bottom line, nextto Call Detajl in IDEFO.

A.2 Manufacturing process and its influence to the environment

A.2l1 General

Actlvity models of manufacturing system life history and itsenvironmental influence are illustrated in
Figure A.2 to Figure A.6.

Figire A.2 to Figure A.4 illustrate from the top leyel, 1st level and 2nd level decompgsition of a
manufacturing process and its influence to the envirenment.

A.2l2 Top level manufacturing process and its influence to the environment (A)0)

Figure A.2illustratesthetoplevel overall viewof manufacturing processanditsinfluence to the erfvironment.

A.2l3 1stlevel manufacturingprocess and its influence to the environment (A.(-1)

Figliire A.3 illustrates manufaeturing process and its influence to the environment, as tHe 1st level
analysis, i.e. as the next to top.lével of Figure A.2, with three paths of:

— |design product/engineér production path of A1;
— |manufacturing system CRR path of A2 and A5, respectively;

— |plan production/procure material and produce product (Level 1) path of A3 and A4, respectively.

A.2l4 2ndilevel manufacturing process and its influence to the environment (A{0-2)

The|2nd level decomposition of manufacturing process and its influence to the environment, igillustrated
in Figure AZ:

— Al is decomposed into design product (A11) and engineer production (A12);

— A2 is decomposed into design manufacturing system (A21), construct new manufacturing system
or reconfigure current manufacturing system (A22) and resultant manufacturing system (S23);

— A3 is decomposed into plan production (A31) and procure material (A32);
— A4 is decomposed into control manufacturing execution (A41) and produce product (Level 2) (A42);
— A5 retire manufacturing system is not further decomposed.

NOTE The activity Produce Product (by operate a manufacturing system or equipment) is identified in
three levels of:
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— A4: Produce Product (Level 1) (by operate a manufacturing system), in Figure A.3;

— A42: Produce Product (Level 2) (by operate a manufacturing system), under A41: Control manufacturing
execution, in Figure A.4;

— A421: Produce Product (Level 3) (by operate manufacturing equipment), in Figure A.6.

A.3 Positioning of the actual manufacturing activity

Actual manufacturing activity, as illustrated in Figure A.4, is produce product (Level 2) by operate
manufacturing system (A42), under the control manufacturing execution (A41), at the cross point of
three paths of:

— design|product/engineer production path of:
— depign product (A11), and
— engineer production (A12);

— manufhcturing system CRR path of:
— depign manufacturing system (A21),
— copstruct new manufacturing system or reconfigure currentmanufacturing system (A22),fand
— refire manufacturing system (A5);

— plan production and produce product (Level 1) path of:
— plan production (A31), and

— prpcure material (A32).

A.4 Chanpge causes of product produetion
Environmental influence of manufacturing system/process is affected by the external disturbanceg of:
— (1) Degign and engineering based.control (AA):
— (141) Design and develop new product;
— (142) Change product design;
— (143) Change production process;
— (2) Mahufacturing system based control (AB):

— (2{1)Plan new manufacturing system;

— (2-2) Plan to reconfigure current manufacturing system;
— (3) Production based control (Deviation of mass of product/product mix, AC):
— (3-1) Plan production order;

— (3-2) Receive customer order and release production order.

A.5 Environmental engineering on manufacturing system and/or process

Figure A.5 illustrates the decomposition of production engineering process (A12x).
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The engineer production (A12), as illustrated in Figure A.5, is decomposed into four stages of design
material (A121), plan part routing (macro process planning) (A122), design fixture and tool (A123),
define manufacturing condition (micro process planning) (A124), and prepare numerical control
program (A125).

The activities of design material (A121), plan part routing (macro process planning) (A122) and define
manufacturing condition (micro process planning) (A124) are the key components of the engineer
production (A12), by defining manufacturing process, for governing the environmental influence for
producing given designed product using current manufacturing system.

The design product (A11), as illustrated in Figure A.4, initially determines the environmental influence

req
the
pro

The
env,

lired to produce that specific designed product, and that design product (A11) is requeste
product design for realizing the feedback from design material (A121) and plan part rout
Cess planning) (A122) under engineer production (A12), as illustrated in Figure Ac5;

design manufacturing system (A21), as illustrated in Figure A.4, is another key
ironmental engineering, for planning a new manufacturing system or\feconfiguri

manufacturing system/system component, which governs the environmental influence 1

pro
cur

Huce that specific product, and that design manufacturing system~A21) is requested
fent manufacturing system for realizing the feedback from plan-part routing (mac

planning) (A122) under engineer production (A12), as illustrated inFigure A.5.

A.6

Production and monitoring of environmentakinfluence

Figuire A.6 illustrates produce products (Level 3) (A421).and supporting indirect activities d

A42
The

3, as the decomposition of A.42 and the decomposition of manufacturing system (S23).

manufacturing system (S23) is decompgsed into manufacturing equipment (

manufacturing support system (S232).

The
is s

produce product (Level 3) by operate.manufacturing equipment (A421) as the direc
ipported by two activity groups of'be in indirect mode of manufacturing equipment

maintain and operate manufacturing'support system (A423), as the indirect influence.

The
inta

activities under be in indirect mode of manufacturing equipment (A422) are further d
two, respectively into a mode of maintain manufacturing equipment (A4221) and be in id

modle of manufacturing equipment (A4222).

The
dec
sysf

bmposed into maintain manufacturing support system (A4231), and operate manufacturf
em (A4232).

d to change
ing (macro

player of
hg current
equired to
to change
ro process

f A422 and

C231) and

influence,
[A422) and

bcomposed
le/standby

activities under dmaintain and operate manufacturing support system (A423) dre further

ng support
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Annex B

(informative)

ISO 20140-1:2013(E)

Responsibility of organization with regard to environmental

influence

B.]] Responsibility for improving environmental influence

Each functional organization contributes to improving the environmental influengg¢ corresponding to
its qrea of responsibility in manufacturing process and/or activity.

B.2

Influence responsibilities

Table B.1 identifies relationships between functional organizations andtheir responsibilitieq relating to
environmental influence at an idealized factory. Table B.1 indicates-the diversity of responsijibilities for
impfroving environmental efficiency.

Table B.1 — Functional organizations and their responsibilities for environmental ipfluence

Environmental influence
Functional Activity
organization Direct influence Indirect influence CRR influence
Product Design Define Define
dro fuc product requirements for na. requirements for
esign (A11) product planned| products
Design Define Define
material requirements for na. planned materials for
manufacturing process planned products
(A121) facturing 1 d product
Plan ) Defi
Production . Define eine
. . parts routing manufacturing process na. manufacturipg process for
engineering (Macro process plan) (A122) &P planned products
Define .
manufacturing condition Defllne " na. nla
(Micro process plan) (A124) manufacturing condition
. ) ) Defi
? Design Define Define ejine
Mgnufa€tufing system . ; ; manufactuffing system &
1 dNsign manufacturing system mangfacturmg system mam.lf.acturmg system comtrol
(A1) capability & performance | capability & performance CRE ativities
Control
ontro . Control Control
manufacturing execution . . . . na.
manufacturing execution | manufacturing execution
Product (A41)
production Produce Control
product (Level-3) Ope.r ate indirect mode of na.
(A421) manufacturing equipment manufacturing equipment
. Maintain - -
Manufacturing system . . Maintain Maintain
: manufacturing equipment ) . 5 . na.
maintenance (A4221) manufacturing equipment | manufacturing equipment
Manufacturing Mamta.m & operate Maintain & operate
manufacturing support system na manufacturing support na.
support system
(A423) system
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Table B.1 identifies the relationships between functional organizations and their responsibilities relating
to the environmental influence, as follows:

— functional organization and its responsible activity, identified in Annex A, are listed by rows;

— classes of environmental influence, such as direct influence, indirect influence and CRR influence,
are listed by columns;

— atthecrosspointcell of specificrowand specificcolumn, theresponsibility of the functional organization
for the specific activity related to the specific class of environmental influence is identified.

iblefor-the-specificelassofenvirormental

The entity } Feach - Re — ;
¢ functional organization activity should contribute to the respective influénce.

influence df the specifi
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Annex C
(informative)

Use cases of ISO 20140

General
=eneral

The

C.2

C.2

C.2,

Gen
or @
pro

C.2]
Spe

pro
mag

C.2

C.2,

For
syst

domestic facteries or in foreign factories.

The

use cases of ISO 20140 in this annex are identified with following two views:
View 1: Purpose of and situations for environmental evaluation;

View 2: Activities through manufacturing system life history.

Purpose of and situations for environmental evaluation (View-1)

1 Environmental evaluation of manufacturing system

1.1 Evaluation is based on general environmental data

eral evaluation of a manufacturing system is done without assuming usage of particula
quipment, e.g. the most environmentally efficient“production method, whether to use
Cesses or to use forming processes, for a particular part can be determined.

1.2 Evaluation is based on specific environmental data

cific manufacturing system elements-can be evaluated by referring to available specif
yide a precise evaluation of environimental influence in addition to productivity and cost
hines or equipment selection to advance environmentally conscious production.

2 Environmental evaluation of products during production

2.1 General

producing specific target products, it is required to select appropriate factories or mar
ems. It could/bé€ quite different, in terms of environmental evaluation, whether to prody

re could be two cases, as described in C.2.2.2 and C.2.2.3.

Ir machines
machining

¢ data and
, for better

ufacturing
Ice them in

C.2.

b2 Eealuationisbased Lenvi 1d

General evaluation of environmental influence for a certain product at the stage of manufacturing can be
done, with the result used for generic comparison of manufacturing stage influence for various products
of the same or similar category.

C.2.

2.3 Evaluation is based on specific environmental data

When producing specific target products, different factory locations, e.g. domestic or foreign, proximity
to raw materials or markets, may yield different environmental evaluation for appropriately selected
factories or manufacturing systems.

©IS
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C.2.3 Environmental evaluation of manufacturing system improvements

In practice, especially for discrete products/parts manufacturing, manufacturing system configuration
or individual manufacturing equipment configuration continuous improvements lead to better system
performance. Consequently, a new environmental evaluation can also reveal an improvement in
environmental efficiency.

C.3 Activities through manufacturing system life history (View-2)

C3.1 Ge

eral

ISO 20140

C.3.2 Be

ISO 20140
A421, A427

ofan a

betwe

C.3.3 Altfernative studies of environmental influence

ISO 20140

for pla

to

to
dis

for pla
manuf]

C.3.4 Co

ISO 20140
comparing
evaluation

C.3.5 Allocating environmental targets down the manufacturing hierarchy

Can be used for various process/activities, as analysed in Annex A.

nch marking of environmental influence

can be used for following bench marking of environmental influence (A42)decomposed

ctual individual manufacturing system with a generic manufacturing-system;

en different manufacturing systems for producing the same praoduct.

for improvement of current manufacturing process (A121,A122 and A124);

and A423):

Can be used for following alternative studies of envirenmental influence:

hning for reconfiguring the current manufactiiring system (A21);
improve the current manufacturing system;

ndapt with the change of mass of preduct or product mix, including the study of reuse/recy
posal of current manufacturinglequipment (A5);

hning a new manufacturingsystem (A21) for products, including the study of reuse of cur
hcturing equipment (A5)-

mparison of manufacturing system component supplier’s ECD
can be used during alternative studies of environmental influence, as listed in C.2.2

method.

nto

cle/

rent

for

the manufacturing system component supplier’s ECD, which are based on a cominon

aals +

PR WaP-y +

ISO 20140

anm ha dfaor cattinag tha o Tagal doagnd AL At ab ol T s At o d Tas
dIl UC UotTuUu1vUl J\/LLIIIS CIIC LUI.I Icvel tdal 6\1\. Ul CIIVIITUITIIICTIILAdT lllll.ll UVUITIVIIU dITU UI'CdIiv U

1e1m

down to the shop floor and individual manufacturing equipment environmental improving targets, by
capturing and reporting the actual status, providing the historical review (A42, decomposed into A421,
A422 and A423), and applying the above bench marking and/or alternative study results.

C.3.6 Monitoring and improvement of the shop floor operations

ISO 20140 can be used for monitoring and improvement of the shop floor operations, by visualizing the
actual status of environmental influence (A42, decomposed into A421, A422 and A423).
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Annex D
(informative)

Input to/output from unit process

The inputs to and outputs from the unit process are summarized in Table D.1.

Table D.1 — Input to/output from unit process

Manufacturin .
5 Input to/output fromiunit process
system
o0 oo £
Ca.tegory of 2| E2 Manufacturing system
environmental | 55 | 5 @ . .
infl Eel &g situation
Influence S8l &g Input Output
S35 | 5 ¢
£ o| g«
< O T Q.
= =3
Direct influence : Manufacturing equipment direct operation for producing preduct
(Horizontal axis v n.a. Material Product
R Manufacturing equipment
in Figure 4) di ion f
irect operation for Other resource for Reusable material & energy
v na. producing product Waste & releaselout of

direct operation

direct operation

Indirect influence

: Manufacturing equipment in indirect mode

(The left pair oth ; & rel ;
ofvertiealas | | g | Manufecringeuipment | LS o ipment manafacturing eaj pment
in Figure 4) < in idle/standby mode o g equip . § eqpib
in idle/standby mode in idle/standby mode
. . Other resource for Waste & release put of
Manufacturing equipment ; . . .
v n.a. . manufacturing equipment manufacturing eqiipment
Mmaintenance . -
maintenance maintenanc
: Manufacturing support system operation & maintenance
(The centre pair -
of vertical axis Manufacturing Other resource for Waste & release put of
in Figure 4) na v support system manufacturing support system manufacturing suppprt system
operation operation operation
Manufacturing Other resource for Waste & release put of
na v support system manufacturing support system manufacturing suppprt system
maintenance maintenance maintenancg

CRR influence

: Manufacturing system construction, reconfiguration & retirement

(The right pair

of vertical axis

Other resource for
manufacturing system

ut of
stem

Waste & release
manufacturing sy

in Figure 4)

Manufacturing system

- " /L £ ]
conStruction; reconguration

iguration

- " L
conStructiony recon

Environmental influence footprint

v v construction/ of emploved n.a.
reconfiguration ployed system component
Residual CRR influence,
residual system value n.a
of reused system component
Other resource for Waste & release out of
manufacturing system manufacturing system
retirement retirement
v v Manufacturing system - -
retirement Residual CRR influence,
na Residual system value

of reusable, recyclable and
disposed system component
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E.1 Classification-oftheconformanceclasses

Conforman

Each view

— View 1
— Co
— Co
— Co

— Co
ot

— View 2

Annex E
(informative)

Conformance classes of ISO 20140

thall be decomposed as follows:
: Environmental influence of concern:

nformance Class 1.a (CC 1.a): Energy efficiency;

nformance Class b.1 (CC b.1): Direct influence;

nformance Class 2.a (CC 2.a): Energy efficiency and material efficiency;

: Environmental influence across the manufacturing system life history:

nformance Class b.2 (CC b.2): Direct influence and indirect influence;

ce classes of ISO 20140 shall be classified by the combination of View 1 and View 2,@as sh
in Table E.1.

nformance Class 3.a (CC 3.a): Energy efficiency, material efficiency and hazardous substa

nformance Class 4.a (CC 4.a): Energy efficiency, materiahefficiency, hazardous substance
her aspects/substance;

nformance Class b.3 (CC b.3): Diréctinfluence, indirect influence and CRR influence.

Table E.1 — Classification of conformance classes of ISO 20140

wn

nce;

and

View 2: Environmental influence across the
manufacturing system life history (MSLH)
. . Direct influencg,
. . Direct influence and o .
Direct influence indirect influence indirect influente
and CRR influenge
CCh.1 CCh.2 CCh.3
% Energyefficiency €Ct= €CTt €C12 €C13
=
E Energy efficiencyand | ., | cc21 cC2.2 cc23
= material efficiency ’ ' ’ )
=
g g Energy efficiency,
s 3 material efficiency and CC3a CC31 cC3.2 CC33
S=
L= hazardous substance
25 —
M Energy efficiency
— material efficiency,
q% hazardous substance and CC4a CC41 CC4.2 CC43
= other aspects/ substance
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