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reword

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

ISO 20140 specifies an environmental performance evaluation (EPE) method for evaluating the energy
efficiency and other factors of manufacturing systems that influence the environment (e.g. energy
consumption, waste and release). The EPE method includes guidelines for analysing the usage of energy
by the manufacturing system and the effects of the manufacturing system on the environment. The
method described in ISO 20140 is used to perform systematically an EPE by analysing the manufacturing

activities a

nd the manufacturing system.

ISO 20140 is intended for discrete products/parts manufacturing systems used in manufacturing

processes
such as air

ISO 20140
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benchinarking of environmental performance for a generic mahufacturing system;

compalring the environmental performance of different manufacturing systems producing the s

such as forming, machining, painting, assembling, testing for the production of proed
Craft, automobile, electric appliances, machine tools and their components.

focuses on applying the EPE method on a manufacturing system having a¢hiierarch
comprised of work units, work centres and areas. The EPE method cancbg¢ “applied

in various manufacturing system configurations.

ethod and underlying concept of ISO 20140 can also be used as the foundation for EPH
processes and batch processes.

can be used for:

ming studies of environmental performance for<improving a current manufactut

acturing system;

G

ring the shop floor operations by visualizing the actual status of environmental performa
sers of ISO 20140 are:

ers for environmental conditions in a factory, site and enterprise;

ers for process planning of products;

rs and designers for manufacturing systems;

ers andforemen that produce products by operating a manufacturing system.
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the top level target of environmental improvement and the breakdown to constityent
systenps, work units and individual mahufacturing equipment;
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1 provides an overview and general principles of a method for evaluating the environme
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Scope

5 document specifies the types of environmental performance evaluationt (EPE) datq
r attributes, which can be used for evaluating the environmental performance of mar
ems based on the general principles described in ISO 20140-1. It also provides recomi
mapping the EPE data on to information models specified by [EC 62264.

5 document applies to discrete, batch and continuous manufacturing.

, including
ufacturing
hendations

5 document specifically excludes from its scope the syntax of the data and information
focols to exchange data models, the functions thatean be enabled by data models, and th|
evel 1 and Level 2.

scope of this document also includes indicating the differences among various data and i

5 document refers to the semantics- of the structured data and information mode
munication protocols. The semantics explain the meaning of the attributes and of f
rmation.

following are outside the-scope of this document:

product life cycle assessment;

EPE data that are'specific to a particular industry sector, manufacturer or machinery;
acquisition gf data;

the activity of data communication.

2

Normative references

5 document is applicable to entire manufacturing facilities'and to parts of a manufacturiLg facility.

odels, the
e activities

hformation
ctual data.

s used by
he context

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

ISO 20140-1:2013, Automation systems and integration — Evaluating energy efficiency and other factors
of manufacturing systems that influence the environment — Part 1: Overview and general principles

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 20140-1 and the following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31

actual data

data (3.2) measured or counted from the manufacturing system (3.16) during the manufacturing
process (3.15)

3.2

data
collection ¢f values of measured or derived characteristics of objects, such as facts, processes,.@revents,
before it i§ interpreted as an information (3.5) in a formalized manner suitable for communication,
processingland interpretation

3.3
enterpris¢ domain
domain that includes all the activities in Level 4 (3.12) and information (3.5)(that flows to and ffom
Level 3 (3.11)

[SOURCE: [EC 62264-1:2013, 3.1.11]

3.4
external data
data (3.2) that come from outside of the manufacturing enterprise

3.5
informatipn
combinatiqn of data (3.2) concerning objects, such as*facts, processes or events, in a meaningful fprm
that enablds interpretation with a particular meaning within a certain context

Note 1 to erftry: Both data and information are colléctions of items. In the context of this document, data becpme
informationf when the data structure, model, or'object contains also reference elements (see 3.17 and Clause §).

Note 2 to erftry: For the purpose of simplifying the text, unless explicitly specified, this document uses the word

“informatioh” with the meaning of the térm “information for environmental performance evaluation”.

3.6
environmental performance-evaluation data
EPE data
data (3.2) that can usedHfor’environmental performance evaluation

3.7
key performance-indicator
KPI
performanicé-measurement of some critical aspect of the system or component

Note 1 to entry: KPIs are chosen by an organization based on a specific criterion determined by its mission,
operating plans and continual improvement procedures.

3.8
Level 0
actual physical process

Note 1 to entry: This term is used in the context of functional hierarchy of enterprise-control systems.

[SOURCE: IEC 62264-1:2013, 3.1.19, modified — Note 1 to entry has been added.]
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3.9
Level 1
functions involved in sensing and manipulating the physical process

Note 1 to entry: This term is used in the context of functional hierarchy of enterprise-control systems.
[SOURCE: IEC 62264-1:2013, 3.1.18, modified — Note 1 to entry has been added.]

3.10
Level 2
functions involved in monitoring and controlling of the physical process

Note 1 to entry: This term is used in the context of functional hierarchy of enterprise-control systems.
[SOPURCE: IEC 62264-1:2013, 3.1.17, modified — Note 1 to entry has been added.]

3.11
Level 3
funftions involved in managing the work flows to produce the desired endsproducts

Note 1 to entry: This term is used in the context of functional hierarchy of enterprise-control systemf.
[SOURCE: IEC 62264-1:2013, 3.1.17, modified — Note 1 to entry hasbeen added.]

3.12
Level 4
funftions involved in the business-related activities needéd to manage a manufacturing orggnization

Note 1 to entry: This term is used in the context of functienal hierarchy of enterprise-control systems.
[SOPRCE: IEC 62264-1:2013, 3.1.16, modified —Note 1 to entry has been added.]

3.138
mahufacturing operations and control domain
MO C domain

donpain that includes all the activities and information (3.5) that flows in Level 3 (3.11), Lepel 2 (3.10)
and Level 1 (3.9) and information flews to and from Level 4 (3.12)

Note¢ 1 to entry: Traditional use-of the terminology “control domain” included the activities defined here as the
terminology “manufacturing operations and control domain”.

[SOPURCE: IEC 62264-1.2013, 3.1.21]

31

mahufacturing-operations management domain
MOM domain

domain that includes all the activities in Level 3 (3.11) and information (3.5) that flows t¢ and from
Level 1(319), Level 2 (3.10) and Level 4 (3.12)

Note 1 to entry: The manufacturing operations management domain is a subset of the manufacturing operations
and control domain (3.13).

Note 2 to entry: For the purposes of this document, the word “information” in this definition also means data (3.2).
[SOURCE: IEC 62264-1:2013, 3.1.23, modified - Note 2 to entry has been added.]

3.15

manufacturing process

set of processes in manufacturing involving a flow and/or transformation of material, information (3.5),
energy, control, or any other element in a manufacturing area

[SOURCE: ISO 18435-1:2009, 3.16]

© IS0 2017 - All rights reserved 3
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3.16

manufacturing system

system comprised of a hierarchical structure of individual manufacturing equipment, coordinated by
a particular information (3.5) model to support the execution and control of manufacturing processes
(3.15) involving the flow of information, material and energy in a manufacturing plant

[SOURCE: ISO 16100-1:2009, 3.19, modified — The words “comprised of a hierarchical structure of
individual manufacturing equipment” have been added.]

3.17

reference data
data (3.2) [concerning aspects of manufacturing system (3.16) and manufacturing process (3.15); data
that are geherated or managed by the manufacturing system, other than actual data (3.1)

3.18
upstream|data
data (3.2) gssociated with resources incoming through the unit process boundary

4 Classjfication of EPE data

4.1 EPE|data context information

Values of HPE data (actual data obtained by measurements performed in Level 1) are rarely available
in the form of a single numerical value (e.g. the instantaneous beer mash temperature in fermenfing
tank, the nstantaneous pump energy consumption). The valué of the actual data gets commd¢nly
associated|with equipment and operation context information by means of structured data mogels
(see Refergnce [36]). The actual data and context information contained in data models are therealfter
processed pnd aggregated into structured information-models (see IEC 62264-1:2013) containing flso
productior] control, manufacturing system and process plan context information.

Subclause 5.2 indicates that a same actual data.yalue can be contained in multiple data and information
models locpted in either of the functional Levels 2, 3 and 4 of the manufacturing system.

NOTE An actual data value can be included in a variety of data and information models based on the purpose
for which tHat model is configured: energy-management, operation control, etc.

An aspect fommon to the structured data and the information models is that they can be exchanged
among vattious activities located ‘in different levels of the functional hierarchy while the confext
informatiop gets successivelyadded by those activities in the model structure.

An EPE data model can-contain one or more attributes. Attributes can represent context information,
including:

— when the datahave been obtained;

— by whatdmethod the data have been obtained;

— how the data have been processed;

— the purpose of the data (as a response to information request, for control, for reporting, for EPE, for
KPI evaluation, etc.).

4.2 C(lassification by source and time
The EPE data shall be classified based on source and time, as follows:
— actual data;

— external data;

4 © IS0 2017 - All rights reserved
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— reference data.

Figure 1 illustrates that the actual data are being generated in the manufacturing enterprise during the
manufacturing process. The reference data are generated also within the manufacturing enterprise but
at another timing than during the execution of the manufacturing process.

A distinct category of EPE data is represented by the external data that consists of data that comes
from outside of the manufacturing enterprise.

Data generated

during during
the manufacturing other timing than
process the manufacturing process

Y )

from
the enterprise Actual data Reference data

S - <
from outside

the enterprise External data

Nata nhtained
= WAGUNA VN AATTINGNA

\_ ,

Figure 1 — Classification of EPE data by source and time
The categories of actual, external'and reference data are complementary and, as illustrated |n Figure 1,
thelthree data categories contain together the entire amount of data needed for EPE.

The high level classification of data by source and time indicates the requirement for every data to have
thelfollowing two attributes describing the data:

a) |an attributeindicating the data sourcing;

b) [an attribute indicating the data timing (the time when data are created with respect to the
execution of the manufacturing process).

The two data attributes unequivocally identify whether the EPE data is actual, external or refgrence data.

4.3 Further classification of data

Figure 2 describes a refinement of the data classification illustrated in Figure 1. The actual, external
and reference data classes contain data types as shown in the following not all-inclusive list:

— actual data:
— actual data in operation step;

— actual data in the construction, reconfiguration and retirement (CRR) step;

© IS0 2017 - All rights reserved 5
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— other;
— external data:
— upstream data;
— environmental characteristic data;
— residual CRR data;

— other;

— reference data:
— prpcess control data;
— manufacturing system data;
— prpcess plan data;

— other.

Actual

External

Reference

(3.4) (3.1) (3.17)
o _ _ £
— % . 2 O 2 B
] o © © rar} 4 ]
"&; = O o T c a ©
T g 9 o3 o 9 Qo c
SY|EE g ST |52 [5583|]| =l
C — >
R R T = so=|go°l 0 =
7 S © c O e 5 © v
@®© © B Y= O
Q C o ~ 7y © ] Ie)
D LUl <@ O Q o c =
- x o o © [a
() Lol S

Figure 2 — Refined classification of EPE data

5 Actual data

5.1 Overview

Physical and chemical systems have measureable properties whose values describe a state of the
system. Examples of physical and chemical systems properties include temperature, distance, voltage,
flow and level. The measurements are commonly performed by transducers located in Level 1.

6 © IS0 2017 - All rights reserved
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Level 1 actual data are rarely available to Levels 3 and 4 in a single value format as measured by a
transducer (e.g. an instantaneous temperature or voltage value). An automation system could associate
and aggregate actual data with equipment and operation context information into data and information
structures. Accordingly, the term “actual data” in this document refers commonly to a data structure
that contains an actual data value.

5.2 Sources of actual data

5.2.1 Overview

Fig:l;re 3 illustrates that the same value of an actual data value can be contained in data and ihformation
m

oglels that can have various context information and can be found in multiple levels.

hind do not

activities
n

Thg MO&C domain and the MOM domain include only activities and information: flows
include actual data. This document specifies the data for EPE and does not describe €ither t

that generate actual data (e.g. data acquisition) or how the information is transferred amonfg activities

and
for

5.2

Lev|
isn

Thd
for

Act
wit
the
a ne

Lev
acti
con
volf

5.2

Lev]

NOTI

the
con
and

sam

levels. The shapes illustrating information flows and activities in Figure(3,are marked uj
the purpose of emphasizing that those specific topics are out of the scope’of this docume

2 Actual data located in Level 2

el 2 receives and contains actual data from Level 1 (the transfér of actual data from Level

MO&C executes the transfer of actual data and context information among levels. The
pbxample, transfer actual data from Level 2 to Level3 for storage purposes.

1al data from Level 1 located in Level 2 can be selected for processing and transfer by
hout further processing in Level 2. Alternatively, context information can be added withii
ctual data from Level 1, either in the same'data or information model as received from L
w data or information model.

el 2 contains also actual data geherated by activities prescribed by the MO&C in Leve
vities can process one or multiple actual data from Levels 1, 2 and 3 (e.g. calculat
sumption by multiplying the\current consumed measured in Level 1 with the value
age measured at an earliér time in Level 1 and stored for later use in Level 3).

3 Actual data located in Level 3

E [tis éomimon for a manufacturing system to have only a limited number of power meters fo
energy eonsumption of individual pieces of equipment. Consequently, it is common to derive
umption of a piece of equipment from the power line energy consumption (whose value is store
the‘measured energy consumption (actual data located in Level 2) of the other pieces of equipm

el 2 actual datamight be required for processing by activities that are included in Level 3.

b with grey
nt.

| to Level 2

bt depicted in Figure 3 because the data transfer activityis\ot in the scope of this document).

MO&C can,

the MO&C
h Level 2 to
evel 1 orin

] 2. MO&C
ing power
of the line

I measuring
the energy
1 in Level 3)
ent that use

e‘power line as the energy source.

The MO&C activities store selected actual data from Level 2 in Level 3 (e.g. in a historian database). The
data stored in Level 3 can be used on a later date for performing an EPE of the manufacturing system.

The Level 3 associates actual data from Level 2 with various context information originated in Levels 0,
1, 2, 3 and 4 in structured documents generated by MO&C activities (e.g. production report, test
reports). Those documents, in printed or electronic format, constitute possible sources of actual data
available in Level 3.

The historian database and the reports located in Level 3 contain also context information that can be
included in Level 2 and Level 4 data and information models.

KPIs reported to Level 3 or calculated in Level 3 can also contain actual data in their model structure
(see Annex C).
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5.2.4 Actual data located in Level 4

Actual data available for processing in Level 4 are contained in structured information models
commonly used by enterprise resource planning (ERP) or manufacturing resource planning (MRP) (e.g.
IEC 62264 information models). KPIs reported to Level 4 or calculated in Level 4 can also contain actual
data in their model structure (see Annex C).

5.2.5 Selecting the source of actual data

Figure 3 illustrates the multiple choices available for selecting the source of actual data. A measured

data value

Moreover,
while havi

anbe available and accessible in mn]fip]n levels andin various data andinformationmodels.

h specific data model containing the same actual data can be located also in multiple’le
g different amount of context information added in the model.

vels
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Actu
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infor
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Actu
geng
in Lq
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2| 2 Data

al data
Level 1
ext
mation from
Is0,1,and 2
al data
rated
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al data
Level 3

Context

" Actual data )

Selection

MO&C
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Actual data

Context

Level 3 Data
* Actual data’generated
in Level 3
* Historian database
* RepoOrts

Actual data

Cantext

¢
>b
MOM

Actual data

Context

Level 4 Data

* |[EC 62264 information
models

* Enterprise Resource
Planning (ERP)

Figure 3 — Locations with actual data

the source.for actual data may depend on:

the availability~of the data (the degree of automation);

the availability of standardized data and energy models in the manufacturing system;

the accuracy required by the EPE;
the granularity required by the EPE;

state modes (see Annex G);

the cost of storing actual data;

the availability of actual data.

the duration and the frequency of the EPE;

the scope of the EPE (e.g. evaluating the energy performance improvement by using the energy use

© ISO 2017 - All rights reserved
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The actual data in Level 2 have the highest degree of granularity and resolution among the types of
available actual data. The actual data contained in the Level 3 historian database have a high content
of operation context information over a longer period of time than the actual data in Level 2. The
actual data located in Level 4 (e.g. actual data contained in IEC 62264-2 information models) contain
information relevant for management and decision making at the enterprise level (e.g. specifying the

energy policy).

Data models are generated and configured as prescribed by standards addressing the resource
management and communication protocols. It is relevant for the EPE to make use of those data and
information models that exist in the manufacturing system.

5.3| Actual data in operation step

5.3/1 Overview

The actual data can be further sorted in four categories as follows:
Energy actual data: This type of data requires frequent measurements‘and intense post-processing.

NOTE1 Energy data can trigger Level 2 and Level 3 operation contfol commands and car] be used to

capture unscheduled operation changes occurring in Level 0. Data’models (see Clause A.1) a
increase the granularity of energy data at high resolution. Information models (see Clause A.2) g
increase the granularity of energy data at medium resolution.

NOTE 2  Energy data are described in 5.3.5.

Material actual data: This type of data are generated by measurement and counting and
used in conjunction with upstream and referenge data (e.g. the number of purchased c
is counted and thereafter multiplied with the mass of each component as recorded iy
data). This type of data requires less post:processing and the material usage balance c3
verified.

NOTE 3  Material actual data are further described in 5.3.6.

Manufacturing operations and process actual data.

NOTE4  Manufacturing eperations actual data and process actual data include context infor
as status description (e/g. stand-by, sleep) and the description of perturbations in the procg
induced by control commands operation alerts;

NOTES5  Manufacturing operations actual data and process actual data are further described

'e means to
re means to

are mainly
bmponents

upstream
n be easily

mation such
ss schedule

in 5.3.7.

Environmernfal”actual data: This type of data includes states and changes in the surrounding

environmert parameters that might not be controllable by the manufacturing system.

NOTE.6
proeess includes thermal or chemical processes. Demand response data exchanged with the snj

Real time measurement of environmental actual data can be critical when the manufacturing

art grid are

also a type of environmental actual data.

NOTE 7

Weather can be considered as an environmental data, unless the manufacturing system

boundaries are factored into a controlled environment, such as an air conditioned manufacturing facility.

NOTE 8 Environmental data are further described in 5.3.8.

The four categories of environmental data listed above can be used by inter-related optimization
functions that can have, at times, objectives conflicting with the objective of minimizing the energy
consumption. Variances in the manufacturing process or demand response transactions may negatively
affect the planned energy efficiency.

A relevant difference among the four categories of actual data consists in the quantity of measured data
needed for the EPE. The energy data requires the largest amount of measurements among these four
categories of actual data. The energy data is described in more details in 5.3.3.
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5.3.2 Re

The actual
a) actual
b) actual

quirements for actual data in operation step
data in operations step shall be associated with context information describing:
data source;

data timing.

The actual data source is a key piece of context information for aggregating the EPE data along the
hierarchy of a manufacturing system. The actual data source selection determines the granularity of
the actual data and information models.

The actual
describes:

— the o
produ

— The op

The actual

5.3.3 Ac

Actual dat]
structure {

data timing is the key piece of context information for determining whether the actual ¢

erations of the manufacturing equipment performing value adding functions’in ac
t; or

erations that support the functionality of the manufacturing equipment.

data timing determines also the resolution of the actual data and infermation models.

cessibility of actual data for EPE

lata

fual

h is not commonly available in a manufacturing system“in a data or information m

aggregati

!
This docu

actual datd
among var

ent classifies actual data and provides examples on how actual data are generated,
are successively associated with context information, and how the actual data is transfey
ous location in the manufacturing system.

This docufnent describes where and when actual“data and the related context information nee

for the allg

cation and aggregation process that-will be described in ISO 20140-3 are available in

manufactufring system during the manufagturing process. The actual data and the context informa

needed by
available a

EXAMPLE

the allocation and aggregation process that will be described in ISO 20140-3 may no
F the same moment in time and location in the manufacturing system.

del

hat contains the exact piece of context information needed for executing the allocation pnd
processes that will be described in ISO 20140-3% dxid executing until completion an EPE.

ow
red

ded
the
[ion
[ be

but

Relevant context information (e.g. the energy source is solar energy) is available in Level 3

the associated actual data are not(@vailable for processing (e.g. the actual data are being measured and use

operation c

ntrol of equipment.inLevel 1 but are not being reported and stored for further processing).

for

This documnent indicatessthe various locations where the data and context information is accesdible

in the mar
the actual
data acqui

aggregatio
accessing

ufacturing-system at various times during the manufacturing process. The availabilitly of
data and(of'the context information is constrained by the cost of investment in automatjion,
ition and data storage. While actual data and context information needed by allocation and

process that will be described in ISO 20140-3 may be available in a manufacturing sysflem,

eactual data and context information may be curtailed by the need for dedicated software

and hardw

are for the purpose of collecting that actual data and context information.

5.3.4 Representation of environmental performance by actual data

ISO 20140-

22) will specify how to represent the environmental performance.

1
2)

10

Under preparation.

Under preparation.
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There are two commonly used options to represent environmental performances by using the Level 3
production tracking activity defined in IEC 62264-3:

— representing environmental performances of the manufacturing system during a specified time
period;

— representing environmental performances while producing a specified amount of a certain product.

Activities in Level 3 can merge and split production tracking data contained in IEC 62264-2 information
models for representing environmental performances in either of the two ways listed in this subclause.

umptlon of an ent1re assembly 11ne Addltlonally, equ1pment and devices capable t
anced energy data models, can further itemize the description of the energyy co
ipment and devices capable to exchange energy data models could report in data modelj

at different levels within the role based hierarchy of a manufacturing system. The to
consumption is measured by different methods at equipment, area, or plant level for t
of gerforming energy balance with various degrees of accuracy. The use case presented

shows how to calculate and report the total energy consumption as well as itemized type
consumption (e.g. gas, steam). The use case presented in Anifex D can also be used to itemiz¢
andlindirect energy consumption if the equipment and devices are enabled for using energy d
[e.g]l Open DeviceNet Vendor (ODVA) (see Reference |32]), Serial Real-Time Communicat
(SERC0S)3)] that can make distinction between direétand indirect energy consumption.

NOT
con
acty

E1 In the context of the energy consumptiofi;itemization described in Annex D, the term d
umption is the energy consumed by a manufacturing equipment while performing value-adding
al product production mode of the manufaéturing equipment.

NOTI
con

E2 Inthe context of the energy constimption itemization described in Annex D, the term ind
umption is the energy consumed byj/a manufacturing equipment while performing functions td

nsumption.
the actual
nd devices

Ind provide

hergy data
tal energy
e purpose
n Annex D
b of energy
 the direct
ata models
on System

rect energy
functions in

rect energy
support its

dirgct operation.

NOTE3  The term “direct operation” is defined in ISO 20140-1.

5.3/5 Actual energydata

Subiclause 5.2 desCrhibes the existence of multiple options that will be available to ISO 2(140-3 and
1S0{20140-4% féreollecting actual energy data. Energy data are available for EPE at different levels and
in a variety of data and information models. A list of non-inclusive criteria for determining|the source
of aftual dataris included in 5.2.

Figlize 4 illustrates locatlons in Levels 2, 3 and 4 where actual energy data are avallable for the EPE.
Th at the actual

transfer of data is out ofthe scope OfthlS document The Measured data block also in Level 1is marked

up with grey colour because the activities performed in Level 1 and the data existing in Level 1 are

outside the scope of this document.

3)

ODVA and SERCOS are examples of suitable products available commercially. This information is given for

the convenience of users of this document and does not constitute an endorsement by ISO of these products.

4) Under preparation.
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[ Business planning & logistics

Level 4

Information
—— e e - - - — model _——— -
Level 3 (IEC 62264)

: (
Allocation & aggregation Option #4 Level 3 Energy Data
process | with MO&C, MOM, and

s e s e ey Enterprise Mana
(1$020140-34) :

Option #3 Energy Data

with MO&C context Unit Process Contfol

level 2 Option #2 L
Managed Energy Data Energy Object
Option #1 L.

Meter Reading Bata Metering Device

— emmm — — — — — — — o= — — — — — = — — — — — — q_l_ — — — — -
\\l
Level 1 Mea,%@éd data Transducer
_\

The data nfeasured in Level 1 can be transferted by MO&C activities to Levels 2 or 3.

Four options for selecting a source of erlergy data from Levels 2 or 3 are illustrated in Figure 4:

12

NP o U i § I

Figure 4 — Options to process-and deliver Level 2 actual data

Option 1: The metering device-reading represents the simplest structure model that car be
encountered in Level 2. The“energy data has been subjected to minimal amount of processing pnd
the mqdel contains minimal amount MO&C of context information. They are a series of standqrds
specifying the syntax(and semantics of data and information models used for communication
protodpls. Power mefeps can provide the real, reactive and apparent power by performing additi¢nal
calculgtions with-the measured data. IEC 62056 provides semantics of models for electricity
metering data€xchange. The power meters provide high resolution. Due to cost constraints,|the
power|meterS;are generally not used to measure the power consumption of individual pieces of
equipment, thus they usually provide energy data with a low granularity;

Option =2 1€ Managed energy data are a more compliex structure model than the meter reading
encountered in Level 2. This category of data model include energy data models standardized by
various organization in the field of automation (e.g. ODVA and SERCOS). These data models contain
context information describing the constraints within which devices can operate and manage their
own energy (e.g. sleep modes). This type of data model can contain high granularity and resolution
energy data (see Annex G). PLC can also process this type of data model and can provide the energy
data by request;

Option 3: Energy data associated with MO&C context information in structured models can also be
encountered in Level 2. These structured models and contain:

1) instantaneous energy data; or

2) processes energy data (e.g. averaged values, equipment specific KPI).
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NOTE

Human machine interfaces (HMIs) process a large amount of actual energy data. HMIs commonly

transfer energy data in formats appropriate for the activity of data storage in the historian database or for
reports. The access to the actual energy data available to HMIs is limited unless dedicated programmes are

written to deliver data.

Option 4: Level 3 provides actual energy data with MO&C, MOM and enterprise management
context and with a lower granularity and resolution than options 2 and 3. Level 3 can provide
additional MOM and enterprise resource management context information since Level 3 is the

only Level that exchanges data with Level 4 commonly in a format compatible with the

IEC 62430

information models. While the IEC 62264-2 information models are comprehensive and associate
energy data to operation and management data, the actual data incorporated in those information

5.3

Material consumption is relatively easier to monitor than the energy consumption. Th

inve
wit
env
The

Sub)
dat
in
pro
leve

Thd

include:

ISO
whg

(lause A.2, activities within Level 4 such as materials)requirements planning and s

models is losing its granularity and resolution.

6 Actual material data

ntory ascertains that the material is accounted for. The actual material data is usually
h context information usually stored in Level 3: the material propertiesyand the materia
ironmental performances along the material’s life cycle before and-aftér the manufact
refore, information models containing actual material data are comimonly available at Lev

clause 6.3 elaborates on the material properties and the material environmental chal

curement can use the IEC 62264-2 information models for determining the optimum
Is of raw materials, spare parts and goods in process.at each storage point.

execution of materials as they move through the process is described by actual materi:

the ability to add or remove production.or'consumption declarations;
tracking and modification of materjial-events or actions;
tracking of all movement of materials (lot and sub lots) amongst storage locations;

control of the consumptien-of inventory based on process order, recipe version, lot &
capabilities;

information to support full product genealogy including vendor lot data and production li

ther the actGal'data represents a direct or indirect influence on the environmental perfq
raw material;

consumables;

e material
associated
’s inherent
uring step.
els 3 and 4.

acteristics

h (ECD) that can be made available through manufacturing automation for the EPE. As detailed

pare parts
inventory

1] data that

nd sub lot

tracking.

e
20140-2 will eonsider the following not all inclusive list of categories of materials wheI assessing

rmance:

©IS

purchased parts,

packaging (receiving);

materials used by equipment during maintenance and service;
final product;

waste;

re-usable materials;

hazardous materials (e.g. batteries).
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The granularity and resolution of the EPE depends on the combination of means and tools used by the
manufacturing enterprise to manage the materials, among which the following are commonly used:

plant

enterprise resource planning (ERP);
manufacturing resource planning (MRP);
data models and objects (see Clause A.1);

IEC 62264-2 information models (see Clause A.2);

utomation

Materials 3
water;
wood;
compr
fuel (a

materi
energy

materi
generg

The transf
consumpti

The IEC 62
and rejects
quality, rej

nd material flows that encapsulate energy include:

pssed air;
b a material captured in the inventory until burned and then it becomes energy);

als that contain energy but are not used for energetic purposes)(see definition of feedst
in ISO/IEC 13273:2015, 3.1.3);

ock

als that become heat sources or heat sinks while thé\material experiences changes (lheat

ted during metal cutting, exothermic or endothermic'process reaction).

br of material itself within the manufacturing enterprise can be associated also with ene
bN.

264 material information models capture'also information related to the product qug
. This type of actual data can be used fotr-a statistical analysis for possible correlation am
ects and environmental performanee improvement measures.

rgy

lity
ong

5.3.7 Mg3gnufacturing operations and process actual data
Actual datq from Level 2 can include.also high granularity manufacturing operations and process data
as context [nformation. This type of-context information can be used in Level 3 for further processirlg of
the actual flata and for:
— mappihg the actual data-in IEC 62264-2 information models exchanged between Levels 3 and 4 pand
within| Level 4;
NOTE1 IEC 62264 describes in detail the manufacturing operations and process data. See Clause A.2 for
examples of information models using manufacturing operations and process data.
— aggregdating the actual data in conformance with ISO 20140-3.
NOTE 2 IS0 20140-3 will specify how manufacturing operations and process data are used for aggregating
EPE data.

5.3.8 Environmental actual data

This type of data includes states and changes in the surrounding environment parameters that might
not be controllable (e.g. weather) by the manufacturing system.

The air quality of the environment surrounding the manufacturing system (e.g. air conditioned
manufacturing facility) as well as weather parameters are relevant environmental characteristics data

needed for

14

the EPE of a manufacturing system.
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The differences in environmental data shall be considered when comparing the environmental
performance of any two manufacturing systems (e.g. the availability of solar energy or any other
renewable energy source to the manufacturing systems being compared).

Environmental data such as the average ambient temperature are relevant when assessing the
environmental benefits of using various sources of energy such as heat pumps or electrical heating
and cooling. An analysis based on the second law of thermodynamics should be used to determine the
environmental impact of using thermal energy sources and recovering thermal energy.

5.4 Actual data in CRR step

The actual data in the CRR step is gathered at the time of the construction and reconfigurdtion and then
the|data is stored in Level 3 records.

Theg CRR data are considered an actual data if the CRR activity is linked withvthe marufacturing
progess for which the environmental performance is being evaluated (e.g. the two activitied take place
at spme time and in the same physical boundary and there is energy exchange.among the activities or
one|of the activities affects the ECD of the other activity). The CRR activity@an be directly linked with a
manufacturing process also if the CRR activity is included in the temporal extent of the marjufacturing
system boundary.

6 |External data

6.1l General

The external data include data obtained from literature, standards, product specifichtions and
product labels.

Calgulations using external data could provideiresults as accurate as by using actual data. The external
datj can be a good source of data when the production schedule, the operations and the |equipment
profeed and perform as planned. Properidocument and data management enables consistency in using
the[external data (no multiple instances of same data).

Extprnal data are stored and reside mainly in Level 3. External data can be stored also[in Level 2
confrollers and drives. ContrgHers can add external data as context information in data moglels sent to
Level 1. The Level 1 may théreafter add actual data in the data model and report actual datalassociated
with external data for EPE,(see Option 2 in 5.3.5).

6.2| Upstream data

6.2{1 General

Def]nitiow3.18 describes upstream data as a flow of external data that enters the unit procesg boundary.

Energy used by the manufacturing system can be obhtained from various sources. For edample, the
electric energy can be generated by hydroelectric or fossil-fuel power plants or by power plants using
renewable sources of energy such as wind and solar energy. The environmental impact of generating,
transmitting, storing and distributing energy depends on the energy resource and the technology used
to convert and supply the energy to the manufacturing system.

Raw materials can be obtained from different sources and those materials go through a series of
processes such as extraction and welding, or machining along the product life cycle. Materials used
by the manufacturing system could also be obtained by recycling used products. The environmental
performance of producing the materials that enter the boundaries of the EMU depends greatly on the
material resources, the process used to produce the material, as well on the geographical location of the
material with regard to the manufacturing system location.
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The upstream data captures the influence on the environmental performance of all inputs, outputs and
processes in the life cycle phase of the energy and the material before entering the boundary of the
manufacturing system being assessed.

The upstream data can consist of material and energy input life cycle inventory and the results of the
inventory in the form of environmental performance objective figures. The life cycle assessment stages
are described in 1SO 14040.

6.2.2 Material upstream data

and electr
informatiopn about the material composition of its products. IEC 62474 covers the exchahg¢ of
material cpmposition data and provides requirements for material declarations for harmonizing|the

requireme
requireme
and proces

nts across the supply chain. IEC 62474 benefits the electrotechnical industry by'‘establishing
hts for reporting substances and materials, standardizing protocols, and facilitating transfer
sing of data.

Given the
governmer
nationally
in articles.

interdependency on a global scale among suppliers, manufacturers and customlers
ts have taken the initiative, before international standard ofganizations, to regullate
hnd across wider regions means to monitor and control use of raw, substances and substarces

)

Annex E prjovides examples of legislations and internationally agre€d vpon systems commonly usedl by
suppliers and manufacturers for reporting on material data.

6.2.3 Enlergy upstream data

Level 4 of
resources.

the manufacturing system plans the production based on the variable cost of the ene
Industrial automation can be used in a manufacturing system to reduce the energy ug

rgy
age

peaks and

line. The emergy resource supplier can provide the enterprise in a timely manner the cost of the ene

quality fac

Informatio|
plant and
produced.

the produc

EXAMPLE
dioxide and

The envirg
for extract]
concentrat

transporta
maintenan

stations) and, finally, consumption of the fuels.

The enviro

water

noise i
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surface

the reactive power for the purpose of(reducing the energy losses the energy distribu

fors and a prediction about the availability of the energy being provided.

In about the resource of energy is relevant for the evaluation of the EPE. A fossil fuel po
a solar power plant cause-vdifferent environmental impact for same amount of eng
[he EPE should take int6 account the influence on the environmental performance cause
tion of the energy used, by the manufacturing system.

mercury compdunds and that contributes to greenhouse effect.

nmental.impact associated with the life cycle of energy encompasses the methods y
ion of fossil fuels and nuclear ore, manufacturing of renewable technologies (solar par
ing solar, windmills), construction of power plants, cultivating and harvesting of biom

Fion
'8y,

Wwer

rgy
l by

The burning ef.-fuels at the power plant produces nitrogen oxides and carbon dioxide, sulphur

sed
els,
ass,
ion,

ion~of all sources to and from various processing facilities to end use, construct

nmental impacts of energy generation and transmission can be classified as follows:

air quality impacts;

resources impacts;

disturbances;

biological resource impacts;

mpacts;
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— visual impacts.

6.3 Environmental characteristics data (ECD)

Environmental characteristics data (ECD) include characteristics and performance specifications
related to environmental aspect of manufacturing equipment and manufacturing support equipment.

The measured values of the equipment environmental characteristics data and the environmental
characteristics data of manufacturing system disclosed by equipment suppliers should be substitutable

in studies for environmental performance improvement.

Envlironmental characteristics data describe properties of the energy and materials used.in
as well as the environment of the manufacturing system itself.

Thg emission rate of a given pollutant from a given source relative to the intensity®f a spec
can|be measured in grams of carbon dioxide released per mega Joule of energy produced.
emission factor and carbon intensity are often used interchangeably, but “factors” excludg
activities such as gross domestic product (GDP) and “carbon” excludes other'pollutants.

The US Voluntary Reporting of Greenhouse Gases Program (Voluntary-Reporting of Greenh
Program Fuel Carbon Dioxide Emission Coefficients) provides values for the carbon, me
nitrjous oxide emission factors for US power generation. The emisSion is itemized for a var
types (coal, petroleum, natural gas, good, biogenic fuel, waste,et¢.). The emission factors are

pbroduction

fic activity
The terms
aggregate

puse Gases
thane and
iety of fuel
quantified

in €02 emissions per kWh from electricity generation. However, these values vary significantly

depending on the individual countries that produce the energy.
Othler environmental characteristics data associatedgwith the energy generation, transportation and
disfribution can be considered according to the purpose and the scope of the EPE.

The
the
mat
diffi

EXA
dio¥

rmance of
processed
fessing use

re is a difference between the environméntal influence on the environmental perfa
recycled materials crossing the manufacturing system boundaries and that of newly
erials. The processes for material recyeling the processes for materials mining and pro
brent amount of energy and have different environmental performances.

MPLE The burning of fuels at‘the power plant produces nitrogen oxides and carbon diox
ide and mercury compounds and that contributes to greenhouse effect.

de, sulphur

Thd
per
con

EPE should consider if,its implementation the environmental influence on the environmental
formance of generating the energy used by the manufacturing system. Annex F provides data for
paring the greenhouse gas emission along the entire life cycle of various energy sources

Water availability{represents another relevant environmental characteristics data.

6.4 Exchanged residual CRR data

The residual CRR influence on the environmental performance of a piece of equipment is being
seqpentially reduced along its life cycle when a part of the piece of equipment’s CRR influqlnce on the
environmental performance is charged to the manufacturing system by a process as will be described
in ISO 20140-4.

When a piece of equipment is transferred from a manufacturing system to another manufacturing
system, the residual CRR data of the first manufacturing system is reduced with an amount equal
with the residual CRR influence on the environmental performance of the piece of equipment being
transferred to the second manufacturing system.

When a piece of equipment is introduced in the manufacturing system, the residual CRR influence on
the environmental performance of the manufacturing system increases with an amount equal with the
residual CRR influence on the environmental performance of the equipment being introduced in the
manufacturing system.
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Similarly, new construction structures can contribute to an increase of the manufacturing system CRR
influence on the environmental performance.

The exchanged residual CRR data of the added or removed pieces of equipment induces a variation of
the manufacturing system residual influence on the environmental performance.

7 Reference data

7.1 Overview

Reference (lata reside in records located in Level 3.

Reference flata include the following data types (see also Figure 2):
— residupl CRR data;

— produgtion control data;

— manufpcturing system data.

An examplp that shows how reference data is mapped onto information maédels specified in IEC 622364-
2 is providged in Clause A.2.

The four caqtegories of reference data are detailed further in this clause by providing examples of data
types that pre contained in the IEC 62264-2 information models.

This document makes reference to IEC 62264 as a representative method for mapping the reference dlata
into infornjation models. The user of this document can chogse any other information models or soufces
of information for gathering the reference data that will*be required by ISO 20140-3. Reference data
described in this document are commonly available inififormation models specified in IEC 62264-2.

7.2 Residual CRR data
The residupl CRR data resides in Level 3 records.

An enterpiise is comprised of machines; buildings, cooling towers, storage tanks, roads, etc. that need
to be built|and installed or reconfigured prior to the start the manufacturing process. Facilities and
manufacturing equipment may need to be further reconfigured or retired after the completion of their
life cycle upe phase.

The CRR [influence on{the environmental performance is associated with the construction,
reconfigurption and retirement of the manufacturing system.

Every piecg of equipment or construction element has associated a residual CRR data value. The value
of the resiglual CRR influence on the environmental performance changes when CRR influence on|the
environmiﬂwtal performance is charged to the manufacturing system by a process as will be descrilbed
in ISO 201404

The manufacturing system’s CRR influence on the environmental performance is charged upon each
manufactured product. The charge process of the CRR influence on the environmental performance
onto the environmental performances of a manufacturing system will be specified by ISO 20140-4.

NOTE It could be difficult to charge indirect and CRR influences on the environmental performance induced
by a manufacturing process (e.g. a water cooling tower) by determining in what percentage in which multiple
pieces of equipment are using that manufacturing process. In such a case, the aggregation process can plan,
offset and charge evenly the indirect and CRR influence on the environmental performance on every product.
The charge process of the CRR influence on the environmental performance onto the direct influence on the
environmental performance of a manufacturing system is outside the scope of this document.
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The residual CRR data represents the CRR influence on the environmental performance that remains yet
to be charged after the manufacturing system charges and includes CRR influence on the environmental
performance.

7.3

Production control data

The production control functions described in IEC 62264 include most of the functions associated with
manufacturing operations and control. A list of functions of production control typically include:

controlling the transformation of raw materials into the end-product in accordance with the

prnr“nr‘finn schedule and prnr]nr‘h'nn cfanr‘]arr‘]c;

producing reports of performance and costs;

evaluating constraints to capacity and quality;

self-testing and diagnosis of production and control equipment;

creating production standards and instructions for SOPs (standard opekating procedurgs);

recipes;

equipment handling for specific processing equipment.
main functions in production control include:
process support engineering;

operations control;

operations planning.

production control data include:

planning data;

operation plan data of manufacturing system;
production plan data;

execution plan data©f)manufacturing activity;
status records;

status recoird of manufacturing execution;
statusdeeord of production control;

status record of manufacturing system operation;

7.4

The manufacturing system data category of reference data contains

material tracking data.

Manufacturing system data

inventory of:

equipment;
physical assets;
persons;

material.

© IS0 2017 - All rights reserved
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7.5 Process plan data

The process plan data category of reference data contains information describing manufacturing
process in higher resolution and granularity than the production control data. The process plan data
typically include:

— production operations management;
— maintenance operations management;

— quality operations management;

— inventpry operations management;
— time elements;

— logistital terms;

— maint¢nance terms;

— logistital terms;

— organigational terms;

— quality terms.

8 Mapping of EPE data

8.1 Overview

Clause 8 and Annex F shows how standardized energy data model exchanged among Level 1, Leviel 2
and Level 3 enable:

— high r¢solution and granularity EPE;
— quantifying the influence of the automation on the energy performance improvements;
— multi-functional optimization ef.the environmental performance.

Clause 8 and Annex F provide examples of data and information models that are described by indugtry
standards |and internationalstandards. The ISO 20140 user has the option to use the information
models deqcribed in [EC 62264.

This subclpuse describes a method of mapping of EPE data onto data and information models| for
manufactulring systems defined in international or consortia standards.

Actual datd values (i.e. obtained by measurements performed in Level 1) are rarely available in sipgle
value format7(e.g. the instantaneous beer mash temperature in fermenting tank, the instantangous
pump energy consumption).

The value of the actual data gets commonly associated with equipment and operation context
information into data models. The actual data and context information contained in data models are
thereafter processed and aggregated into information models containing also production control,
manufacturing system and process plan context information.

Data and information models containing external, reference and actual data and not individual data are
commonly exchanged among levels of the functional hierarchy.

An automation system aggregates and exchanges a variety of data and energy models among and
within Levels 1, 2, 3 and 4 with data and context information relevant to the Level and the activity for
which the data model is generated. The relevant actual data can be obtained for the EPE by selecting the
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appropriate data models and information models or a combination thereof, depending on the selected
environmental performance to be evaluated.

Figure 4 illustrates how an actual energy data get successively mapped onto various data and
information models along its life cycle. The EPE data could be mapped onto the following not all

inclusive list of model types:

classifications relevant to automation & control:

data models (see Clause A.1);

A2

The
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The
way
of 1
infg
ava

H Y 3 dalc [ Fall
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classifications relevant to energy management:
— performance indicators (e.g. ISO 22400, ISO 50006).

information models described in IEC 62264-2 collect comprehensivelycontext infor
ciate it at the enterprise level with data and information provided by'the industrial
se information models are used by activities Level 3 MO&C and-Level 4 MOM as |
munication between Level 3 and Level 4.

information model defined by IEC 62264-2 is a common framework for manufacturing sy
 to represent data for an EPE should be consistent with thédnformation model for othe
nanufacturing system. For these reasons, mapping of the’data within Levels 3 and
rmation model defined by IEC 62264-2 can be a solutien*for making data and context i
lable for storage and further analysis.

A shortcoming in mapping actual data upon existing.standards consists in the fact that the

inte
tot
tha
the

Thd
for
con

rnational standard on how to store the data.contained in data and information models
his gap is to use automation system to perfgfm the EPE by using the data and context i

are available and are transferred among activities in all levels of the manufacturing §
reafter store only the EPE results and the relevant factors.

strength of the IEC 62264-2 infermiation models is in relating actual data with context i
providing actionable information at enterprise level. The resolution, the granularif
pleteness of the actual data.lntegrated in the IEC 62264-2 information models depend o

of automation of the manufacturing enterprise. If a specific detailed information needed foy

rea

lily available in the IEC 62264-2 information models, the search for actual data should in

actfial data sources in available in Level 3 and Level 2.

Thd
infd

actual data exchanged with and within Level 2 commonly are not captured in
rmation medels described in IEC 62264-2. While acknowledging this gap in in

stapdardization;-there is a series of standard development organizations (e.g. ODVA and SE

hav
con

e developed voluntary standards relevant to energy monitoring and energy managenmn
sortiasstandards have defined energy data objects that enable:

['ével 2 controllers and devices to perform Level 3 actual data aggregation and energy m

ation and
tomation.
vell as for

stems. The
r activities
4 onto the
hformation

e is not an
A solution
hformation
ystem and

hformation
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EPE is not
Clude other
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functions;

— the association of actual data with relevant context information in a format that meets the specific
needs for evaluating performance analysis and managing the energy of a manufacturing work units,

work centres, or areas.

Figure 4 illustrates that the value of the measured actual data can be obtained for further processing
from various locations in Levels 2, 3 and 4. It is expected to be differences among the value of the actual
data and the context information contained by models available at various locations in Levels 2, 3 and 4
and at different times.
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8.2 C(Clas

sifications relevant to energy management

ISO 50001 provides a series of terms and data types to be used for enterprise energy management. Data
for EPE could be mapped onto the following not all inclusive list of categories of data types specified by

[SO 50001:

operating parameters;
energy consumption;

asset energy efficiency;

energ service parameters.

8.3 Différences between Levels 2 and 3 and Levels 3 and 4 actual data

Figure 5 il
and infornj

categories

the da
resolu
inform
measu

the da

The grey ai
exchanged
taken placg
illustrated
the manuf:
also out of

The purpo
and 4 data

variou

the ty

strates a sequential mapping of data circulated across Levels 1, 2, 3 and 4 into data mo
ation models. The multitude of actual data and information models canbe grouped in

ion and fine granularity. However, those actual data modelsimight not contain con
ation about the batch of products being manufactured at the time the actual data has b
Ired;

a models generated and exchanged between Levels 3 and 4.

'rows and rectangles in Figure 5 suggest how actualldata models and context information|

 in Levels 0 and 1 are not in the scope of this;document. Those exchanges and activities
for the sole purpose of indicating the bidirectional flow of data among various locatio
lcturing system. The syntax of data maedels as well as the usage of data models in Level 2
the scope of this document.

ke of Figure 5 is to illustrate that relevant differences between Levels 2 and 3 and Leve
and information models consist of:

5 degrees of resolution and-granularity;

e of context information;

data ayailability and accéssibility (data models available in Level 2 may have a very short life t

while ¢lata in information models in Levels 3 and 4 have more opportunities to be stored in a dig
factory repository’(e.g. a historian)).
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Levels 3 and 4: Low resolution and rough granularity data with

MOM and MO&C context information

Level 4 ( \ — -
Digital factory repository
IEC 62264
Information Reference Automation
models device configuration
MO&C data data
\_ Y, )2
)
Level 2 $
Controls
N
Level 1
Actual data

Levels O, 1, and 2: high resolution and fine granularity data

Level O

with equipment:@nd power usage status context infe
Operator

Figure 5 — Successive mapping of EPE data

Figlire 5 indicates data and information exchanges that can take place between Level
and| Level 1 transducers and Level 0 operators. The context information describing th
conimunication and changesgn‘operating modes can be included in the context informatidgn of actual
datp models transferred within and with Level 2.

Singe this actual data capttred in Level 2 is commonly obtained at a high rate in time (e.g. mi
thelactivities in Level3 capture in information models and are able to store only a small
Level 2 actual data and context information.

data models used

Clagise A.1 prevides an example of how energy data can be mapped in Level 1 and Level 2 €
modlels available for Level 3 for EPE. They are currently broadly used consortia standards

in communication among Levels 1, 2 and 3. The consortia standards hay

featlufes'and concepts (see Annex G).

brmation

2 controls
is type of

liseconds),
amount of

nergy data
for energy
e common

The more the data models provided by Level 2 conform with a standard structure, the more Level 2
data will be available for EPE and the less Level 3 activities need to process those data for the purpose
of incorporating actual data and context information into IEC 62264 information models.

Clause A.2 provides an example of how energy data can be mapped in the energy information models
specified in IEC 62264. The IEC 62264 information models are widely used in the management of
manufacturing enterprises and they contain detailed context information related to manufacturing
operations management and control.
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Mapping of EPE data

rview

e amount of actual data are being generated, processed and exchanged within and v
only a small part of that data are transmitted to Level 3 and an even srhaller amour
ransmitted further to Level 4.

ing generated, processed and exchanged within Level 2 is expected to be in a wide var
The data being generated, processed and exchanged within Level)2 represent a wealt

with a high degree of granularity and resolution that ISO 2014 0-3 will be able to use
environmental performance of manufacturing system. The ¢hallenge with using this we
fion is the large variety of formats in which the actual data)is available in Levels 1 and
e of an international standard for energy data models.

hnd organizations such as ODVA and SERCOS haveé.developed standards for energy ¢
t can be used also for communication within andamong activities in Levels 1, 2 and 3.
f those standards will open the possibility for ISO 20140-3 to use for an EPE containe
h models generated in Level 2 or aggregated-with data in Level 2. Those energy data mo
e transmitted and are available for further processing in Level 3, therefore it is in the sq
iment to list the Level 1 and Level 2 energy data models among the options of input for
3 allocating and aggregating processes. It is outside the scope of this document to desc
h models generation and usage within Level 1 or Level 2.

andardized energy data models for activities in Levels 1 and 2 and for communication V
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jety
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vith

ual energy data such as thejoperating mode or the usage load of a manufacturing equipnjent

hanged at an increased rate. Additionally, actual energy data such as the energy ug
bnt and the operating mode context information can be exchanged among more device
d 2, and that enables the safe management of machine energy consumption by device
h some independénce from Level 3 controller.

A.1.2 En

Manufactufping entérprises can use revenue-accurate meters to measure energy consumption f
the energyf diStribution network. However, cost constraints limit the usage of revenue-accurate
measuring|the energy consumption of work units.

rgy dataimodels

age
S in
S in

fom
for

There are many devices in Level 2 that measure and use for control actual energy data such as voltage
and current measurements but may not transmit further the actual energy data because energy data
reporting is not the primary function of the device.

The use of a standardized energy data object for communication within and among devices and
activities in Levels 1, 2 and 3 are intended to cost-effectively fill in missing pieces of the energy usage
picture where today little or no information exists. Energy data models exchanged among automation
devices provide consistent and highly granular energy-related information - making it easier to
support important use cases (e.g. sleep mode). A more complete energy picture would provide valuable
information on the energy consumption behaviour of a machine, work unit, zone and area, allowing
users to make decisions that result in reduced energy usage and cost.
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Energy data objects have two primary purposes:

— transport of control-oriented data associated with /0 devices;

— transport of other context information which is related to the system being controlled, such as

configuration parameters and diagnostics.

Figure A.1 illustrates a variety of devices that use standardized energy data models for communication

within and between Levels 1 and 2 and provide highly granular energy-related information.

A power monitor can make an accurate measurement of the work unit energy consumption. The energy

d t dalc s ol L
a TITOOCTS T aIrSTIITCCC U Uy o

A njotor overload relay can report on the motor’s energy performance by using energy“d3
Basgd on the information contained in the energy data model reported by the motor|relay
that reads the energy data model can calculate the motor power consumption.

A cpntroller can report on the energy consumption of and context information about ft
devijice that it controls. The controller c send the energy data models either-by request or
the|operation mode of the generic device is changing or it is about to ¢hange its operation
stagting the wake-up mode).

Enegrgy devices can report the energy consumption to the energy{source and the energy
further report individual or aggregated energy consumption.<Software applications can
enefgy data models and perform complex functions for providing the energy performances
of devices. The power consumption of an energy user notable to exchange any energy data
be gleduced by simple arithmetic operations. Software*applications can aggregate also nol
enefgy data.

ta models.
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terms “energy measured”, “energy derived”, “energy proxy”, “energy aggregated” and “energy fixed”.

Figure A.1 — Example of using energy data objects
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The following context information can be mapped in energy data models within and among Levels 1,

2 and 3:

— energy/resource type;

— energy object capabilities;
— energy accuracy;

— data status;

— consumed energy adometer (rmmfpr)'

— generdted energy odometer (counter);
— energy identifier;
— metering state.

Annex G provides more details about the semantics of energy data model atfributes comm
encountergd in consortia standards.

Standardized energy data objects enable the automation system to associaté actual energy data v
operation dnd equipment context information, record historical data, analyse and report the flow of d
correlate dpta sources within the plant and enable the monitoring and optimization of the energy us

Level 3 can use for allocation and aggregation processes that will\be described in ISO 20140-3 ensg
data models reported from Level 2 that contain actual energy data and high granularity energy-relz
informatiopn. Level 3 can also use for allocation and aggregation processes that will be describe
ISO 2014043 lower granularity and resolution actual energy'data available in the IEC 62264 informa
models sudh as responses to manufacturing operation pianagement requests (see Figure A.8).

Standardized energy objects can provide the means to aggregate energy information at various le
in the manufacturing enterprise functional or«pl€ hierarchy and can be used for reporting the ac
energy datp in a consistent format and contentdt all levels.

A.2 Level 3 and Level 4 information models of IEC 62264

A.2.1 Overview

nly

vith
ata,
hge.

rgy
ted

1 in
fion

vels
fual

IEC 62264| defines two gnoups of models using the Unified Modelling Language (UML) notati¢nal

methodology, which is defined in ISO/IEC 19501:
— comm¢n objectmodels;

— operatfions management information models.

The commloriobject models are used in information exchange that relate to personnel, equipm)

ent,

physical asset and material. The common object models are used also in the operations management

information models. A summary of common object models are explained in Annex B.

The operations management information models are used to represent the information exchanged

among operations management areas or among activities.

Actual data could be mapped, upon the appropriate data processing and data aggregation, in
production performance model management shown in Figure A.2.

the
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Figure A.2 — Production performance model management
The production operations management model described in IEC 62264-3 is expanded intd a detailed
activity medel of production operations shown in Figure A.3. The four elements of informatidn (product
definition;“production capability, production schedule and production performance) cortrespond to
the[eXehanged information defined in IEC 62264-1. The oval-labelled “production level 1-2|functions”

rep

ESENtthe Level Tamnd tevel 2 sensing and comntrot functions tiratdetiver actuat data: Tie
(with solid outlines) represent the activities of production operations.
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production
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NOTE Yource: IEC 62264-3.

Figure A.3 — Activity'model of production operation management

The operatlional responses delivered to the Production execution management is defined in [EC 62464-
3 as inforration received from Level 2 in response to commands. These typically correspond to|the
completion] or status of elements of work orders.

NOTE This informatien exchange corresponds to the recipe-equipment interface defined in IEC 61512-1.

A more ddtailed_ look at interface in the production data collection activity model is presentedl in
Figure A.4 reveals the type of information exchanged among production operation managenrent
activities.
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Figure A.4 — Interfaces in the-production data collection activity model

.2 Common object models

62264 specifies two types of.objects related to resources of manufacturing system as fo
Resource category (class)includes:

— personnel classes/e.g. welding technician);

— equipmentclasses (e.g. welding workshop);

— physicaliasset classes (e.g. model of welding machine from a manufacturer);

— nmaterial classes (e.g. welding electrode);

Resource includes:

— persons (e.g. Mr. Joseph Briant);
— equipment (e.g. Work cell #001 for product XXX);
— physical asset (e.g. particular welding machine with serial # of ABC123);

— material lot (e.g. welding electrode purchased on September 29th).

Capability and specification are properties of resources and resource classes.

EXAMPLE 1

machine model.

© IS0 2017 - All rights reserved
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lows:

An example of property of physical asset class is the power consumption of the particular
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EXAMPLE 2

A23 Op

An example of property of physical asset is the voltage of the power source to which a particular
machine is being connected.

erations management information models

IEC 62264 specifies the following operations management information object models:

proces

operat

s segment model which describes what functions are available;

ions definition model which describes how to perform an operation;

Ao

operat
operat

operat

Operations
categories

— produ

mainte

quality

invent

While pro
operations

use en

can us

Figure A.5

e chadila oo da] ol d wilo ot o i o b o oo PO I 2|
OIS SCTIIC O OTC IO CT vWITTCIT OCSCTTOT S vwIrac 15 1t co-otTIrattCarnna oSt

ions performance model which describes what was made and used;

ions capability model which describes what is available.

tion operations;

nance operations;

r operations;

bry (handling) operations.

uction operations usually bring the most significant environmental performance, of
can also cause influences on the environmental‘performance because those operations:

Prgy;
b harmful material.

shows operation management medels for four operation management categories.

30

management information models can be applied to the following operatiornts managenjent

her
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Figure A.5 — Operations.information models for operations management

.4 EPE data in the operations management information object models
4.1 Relevant data(in process segment model

4.1.1 Process.segment model

cess segments are the smallest elements of manufacturing activities that are visible t
Cesses. They are also logical grouping of personnel resources, equipment resources, phj

model

o business
rsical asset

The

ptocess segment model is shown in Figure A.6.
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Figure A.6 — Process segment model

bments are independent of any particular product or operations task.
EPE data in a process segment are included in the following information models:
hl asset segment class-specification;

s segment dependéncy.

Relevant-data in physical asset segment class specification

assetelass segment specification specifies the physical asset class that is required for
rment.

the

Physical asset segment class specification can be derived from lists of product properties such as the

ones stand

ardized in the IEC 61360 database (IEC Component Data Dictionary).

Examples of EPE data which are included in the physical asset class segment specification are listed below:

no

en

32

basic performance related energy consuming, which includes:

rated input power voltage;

minal energy consumption;

ergy modes;

power consumption for each energy mode;
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— timing specification related to energy modes;

— dependency of energy consumption against operating conditions;

energy used to produce the physical asset, which is captured during:

— manufacturing process of elements of the physical asset before installation;

— transportation of elements of the physical asset;

— assembling process, construction process and installation process of the physical asset into the

p;\rfirulnr mnm]f;l(‘fnring system hping evaluated:

A.2

Pro
pro

Examples of EPE data which are included in the process segment dependencies are listed bel

quantity of CO2 emitted to produce the physical asset, which is captured during:
— manufacturing process of elements of the physical asset before installation;
— transportation of elements of the physical asset;

— assembling process, construction process and installation process‘of the physical as
particular manufacturing system being evaluated;

information about harmful material, which includes:

— kinds of harmful material;

— quantity of the harmful materials;

energy needed to discard the physical asset, whichris estimated by considering:
— transportation for disposal;

— dismantling and scrapping;

— reuse and recycle.

4.1.3 Relevant data of process'segment dependency

cess segment dependencies - are process dependencies that are independent of any
Huct or operations task!

sequence of steps;
restrictionof interval time between steps;

restriction of parallel operation of steps.

et into the

particular

A2

4.2 Relevant-data-in-operations-definition-model

A.2.4.2.1 Operations definition model

An operations definition defines the resources required to perform a specified operation. The actual
definition of how to perform the operation is not included, which is defined in a work definition.

The operations definition model is shown in Figure A.7.
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Figure'Al7 — Operations definition model
Significant|EPE data of an opérations definition are included in:
— operatfion definition;
— operatfions segment;
— param‘rter specification;
— material’class specification;

equipment class specification;
physical asset class specification;

operations segment dependency.

A.2.4.2.2 Relevant data of operation definition

An operation definition presents the resources required to perform a specified operation.

Examples of EPE data which are included in the operation definition include
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A reference to an external bill of material including energy related information, which can be used
for capturing quantities indirect materials or materials common to multiple operations represents an

exa

mple of EPE data which are included in the operation definition.

A.2.4.2.3 Relevant data of operations segment

An operations segment presents the information needed to quantify a segment for a specific operation.
An operations segment identifies, references, or corresponds to a process segment.

The time duration of the operations segment represents an examples of EPE data which are included in

the

pprntinnq ngmpnt

A.2
Par

Ab
and|

A2

A nj
spe

4.2.4 Relevant data of parameter specification
hmeter specifications present specific parameters required for an operations.segment.

hsic specification of the product to be produced, independent of particularwork orders
examples of EPE data which are included in the parameter specifications:

4.2.5 Relevant data of material class specification

aterial specification presents an identification or correspondence to a material class c
Cific material class specification is associated with the identified operations segment.

Examples of EPE data which are included in the material class specification are listed below

required specification of materials for the operati@n, which includes:

— calorific value of fuel;

required specification of energy for the operation, which includes:

— type of energy source;

— voltage of electric power source;

— temperature of steams;

required quantity of the-material and energy for the operation, which includes:
— quantity of material;

— quantity)offuel;

— inpuat'power of electricity;

— /£ quantity of steam.

represents

hpability. A

A.2.4.2.6 Relevant data of equipment class specification

An equipment specification presents an identification, reference, or correspondence to an equipment
class capability. An equipment specification identifies the specific equipment class capability that is
associated with the operations segment.

Examples of EPE data which are included in the equipment class specification are listed below:

required functions and capability of the equipment class;

required quantity of the equipment class.
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A.2.4.2.7 Relevant data of physical asset class specification

A physical
asset class

asset specification presents an identification, reference, or correspondence to a physical
capability. A physical asset class specification identifies the specific physical asset class

capability that is associated with the operations segment.

Examples o

f EPE data which are included in the physical asset class specification are listed below:

— required performance of the physical asset class, which includes:

— energy consumption in the context of the operations segment;

— requirpd quantity of the physical asset class for the operations segment;

— requirpd operation time of the physical asset class for the operations segment.

A.2.4.2.8

Operations

that are opleration or product specific.

Examples ¢f EPE data which are included in the operations segment dependencies are listed below:

— sequeq

— restridtion of interval time between steps;

— restridtion of parallel operation of steps.

A.2.4.3 Relevant data in operations schedule model

A2.43.1

Relevant data of operations segment dependency

segment dependencies present operations segment dependencies are process dependengies

ce of steps;

Operations schedule model

An operations schedule is a request for operations to be performed. It is made up of one or nmore

operations|

The operatfions schedule model is showsn in Figure A.8.

requests. An operations request.contains at least one segment requirement.
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Figure A.8 — Operations schedule model

Significant EPE data of an operations schedule are included in:
— |operatiens request;

— [segment requirement;

— segment parameter;

— resource requirement.

A.2.4.3.2 Relevant data of operations request

An operations request presents a request for an element of an operation schedule. An operations
request contains the information required by manufacturing to fulfil the scheduled operation.

Examples of EPE data which are included in the operations request are listed below:
— reference to the operation definition to be requested;

— scheduled start time and end time of the operation.
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A.2.4.3.3

Relevant data of segment requirement

An operations request is made up of one or more segment requirements. Each segment requirement
corresponds to, or references, an identified operations segment or process segment. The segment
requirement identifies or references the segment capability to which the associated personnel,

equipment

, physical assets, materials and segment parameters correspond.

Examples of EPE data which are included in the segment requirement are listed below:

— expected earliest start time of the operations segment;

A2.4.3.4

Segment p
parameter

Examples

additid

A.2.43.5

Resource
requireme

A personn
specific cel

An equipni
of specific

Al 4 s il 4o .
expecteaatestenatinre ot tireoperationssegment:

Relevant data of segment parameter

includes a set of limits that apply to any change to the value.
pf EPE data which are included in the segment parameters are listed below:

nal segment specification such as quality grade of the product;

expectlied operating conditions such as ambient temperature.

Relevant data of resource requirement

‘equirement consists of personnel requirement, equipment requirement, physical a
nt and material requirement.

bl requirement presents the identification ofthe number, type, duration and schedulin
tifications and job classifications needed to~support the current operations request.

ent requirement presents the identification of the number, type, duration and schedu
equipment and equipment classifi¢ations or equipment constraints needed to support

current opgrations request.
A physical fasset requirement presents:the identification of the number, type, duration and schedu|
of specific physical assets and physicalasset class constraints needed to support the current operat
request.
Examples ¢f EPE data which-are included in the resource requirements are listed below:
— assignment of partioular resources to the defined resource classes such as:

— idé¢ntifier of energy source;

— identijfierof material lot;

— idéntifierefequipmentto-be-used:

arameters present specific parameters required for a segment requirement.”A segnpent

set

B of

ling
the

fling
ons

)

identifier of physical asset to be used.

A.2.4.4 Relevant data in operations performance model

A2.4.41

Operations performance model

An operations performance is a report on requested operations and is a collection of operations

responses.

The operations performance model is shown in Figure A.9.
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Figure A.9 — Operations performance model
Significant EPE datd of an operations performance are included in:
— |operatiéns response;
— |segment response;

£ dos
DCSIIICIIL udtid,

— resource actual.

A.2.4.4.2 Relevant data of operations response

Operations responses present the responses from manufacturing that are associated with an operations
request.

Response states that represent examples of EPE data which are included in the operations response are
listed below:

— result if the request completed successfully;
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— percentage of completion;

— finished status;

— aborte

A2.4.4.3

A segment

d status.

Relevant data of segment response

response presents Information on a segment of an operations response.

Response states that represent examples of EPE data which are included in the segment response are

listed beloy
— actual

— actual

A2.444
Segment d
Examples
— actual
— actual

— operat

— h

— at

v
start time of the operations segment or process segment;

end time of the operations segment or process segment.

Relevant data of segment data

ita present other information related to the executed operations.

f EPE data which are included in the segment data are listed below:
quantity of product produced by the operation of the segmertit;
quality of product produced by the operation of the segment;

ing conditions in which the operation of the segment was executed, which include:

— a::]lbient temperature;

midity;

mospheric pressure;

— voltage of power source.

A.2.4.4.5
Resource 3
Personnel
Equipment

Physical aj
segment.

Relevant data of resource actual

ctual consists of personnel actual, equipment actual, physical asset actual and material ac

ual.

hctual presents an.identification of a personnel capability used during a specified segment.

actual present-an identification of an equipment capability used during a specified seg

nt.

set actual/present an identification of a physical asset capability used during a specified

Material a

ctdal presents an identification of a material that was used during a specified seg

nt.

Material actuals contain definitions of materials that have been consumed, produced, replaced,
sampled, or otherwise used in manufacturing.

Examples of EPE data which are included in the resource actual are listed below:
— personnel actual which have been actually used for the segment including:
— number of persons;
— man-hours;
— equipment actual which have been actually used for the segment including:

— load/duty factor;
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— equipment condition after completion;

— time spent for each operation mode;

physical asset actual which have been actually used for the segment including:
— machine operation time;

— setup time;

material actual which have been actually used for the segment including:

A2

A2

An pperations capability is a collectiod_of information about all resources for operations fi

futy
per

qualntities of which the manufagturing control system has knowledge.

An
ass
cur

The

— quantity of material;

— quantity of fuel;

— input power of electricity;

— quantity of steam;

— temperature of coolant;

— quantity of CO2 emission;

— quantity of harmful material emitted;
— quantity of spent consumable;

— quantity of the waste.
4.5 Relevant data in operations capability-model

4.5.1 Operations capability model

Ire and past times. This is made up of information about equipment, physical asset
connel and process segments. -Operations capability describes the names, terms, st

pperations capability presents a collection of personnel capabilities, equipment capabiliti
bt capabilities, material capabilities and process segment capabilities, for a given slice of
Fent, or future), and defined as committed, available and unattainable.

operations ¢apability model is shown in Figure A.10.

br selected
, material,
htuses and

s, physical
time (past,

©IS

02017 - All rights reserved
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Figure A.10 — Operations capability model

capability information can be used to translate time based data into environme
data which can be user to obtainyan environmental performance by producing a speci
broduct.

Machine operation time(fthe operation performance information can be translated into en
g average power consumption in the past of the machine which can be calculated from physical a
hta.

capability information in the past can be used to obtain an environmental performd
ecified time perjod.

EPE data-of’an operations capability include:

ce capability;

htal
fied

Frey
sset

nce

resour

ce’class capability.

A.2.4.5.2

Relevant data of resource capability

Resource capability consists of personnel capability, equipment capability, physical asset capability and
material capability.

Resource c

apability presents capability of the resource with confidence factor.

A personnel capability presents the capability of persons that is committed, available, or unattainable
for a defined time.

An equipment capability presents a representation of the capability of equipment that is committed,
available, or unattainable for a specific time.
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A physical asset capability presents a representation of the capability of a physical asset that is
committed, available, or unattainable for a specific time.

A material capability presents a representation of the capability of material that is committed, available,
or unattainable for a specific time. Material capability is used for material lots and material sub lots.
This includes information that is associated with the functions of material and energy control and
product inventory control. The currently available and committed material capability is the inventory.

Examples of EPE data which are included in the resource capability are listed below:

— accumulated capability of a particular resource, which includes:

— operating time;

— quantity of the production;

— energy consumption;

— quantity of material consumed;

— quantity of the waste.

— |statistically calculated capability of a particular resource, whigh.includes:
— average energy consumption per unit of time;

— average quantity of material consumed per unit of.time;

— average quantity of the waste per unit of time;

— average calorific value of fuel;

— average value of time spent for each 0peration mode;

— average load/duty factor.

— |estimated capability in future ofa particular resource, which includes:
— estimated energy consumption per unit of time;

— estimated quantity-ef material consumed per unit of time;

— estimated quantity of the waste per unit of time;

— estimated-ealorific value of fuel;

— estimated value of time spent for each operation mode;

— « estimated load/duty factor.

visical accat canahilitioc accnmulatad cinca tho nhucical accot’c inctallatian cuch a¢ tatq 1
Phyisicalassetcapabilitiesaccumulated sine hysicalassetsinstatation~suehastotal operating

TTIeT ot o e

time and total quantity of the production, can be used to charge CRR influence onto the environmental
performance of a single product or a lot of products.

NOTE The concept of charge of CRR influence on the environmental performance is specified in
1SO 20140-1:2013, 6.3.

A.2.4.5.3 Relevant data of resource class capability

Resource capability consists of personnel class capability, equipment class capability, physical asset
class capability and material class capability.

Resource class capability presents capability of the resource class with confidence factor.
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A personnel class capability presents the capability of personnel class that is committed, available, or
unattainable for a defined time.

An equipment class capability presents a representation of the capability of equipment class that is
committed, available, or unattainable for a specific time.

A physical asset class capability presents a representation of the capability of a physical asset class that
is committed, available, or unattainable for a specific time.

A material class capability presents a representation of the capability of material class thatis committed,
available, or unattainable for a specific time.

Examples (I»f EPE data which are included in the resource class capability are listed below:
— statistjcally calculated capability of resource class, which includes:
— avprage energy consumption per unit of time;
— avprage quantity of material consumed per unit of time;
— avprage quantity of the waste per unit of time;
— avprage calorific value of fuel;
— avprage value of time spent for each operation mode;
— avprage load/duty factor;
— estimdted capability in future of resource class, which in¢ludes:
— esfimated energy consumption per unit of time;
— esfimated quantity of material consumed pér‘unit of time;
— esfimated quantity of the waste per unitof time;
— esfimated calorific value of fuel;
— esfimated value of time spentfor each operation mode;

— estimated load/duty factor:
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Annex B
(informative)

Common object model of IEC 62264-2

B 1_Overvier
« I— e EETN

Thip annex explains the summary of the common object models defined by [EC 62264-2-
Thg common object models include:

— |personnel model;

— |role based equipment model;

— |physical asset model;

— |material model;

— |process segment model.

A container for material is presented as role based equipment, physical asset, or both of ty
zongp or storage unit.

A tdol and software are presented as role based eguipment, physical asset, or both.

B.Z Personnel model

The personnel model shown in FigureB’1 contains the information about specific personne
perponnel and qualifications of personnel.
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NOTE

B.3 Rolg

The role ba
the classes

46

Personnel 0..n 0..n
Person
Class < Defined by
‘ 0.n 0..n ‘
Has Is tested Is tested Has
properties bya> bya> values for>
of>
0..n 0.n
Qualification
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Specification
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________________ execution of | Test
Defines a Result
Is tested procedure for
0.n bya> obtaininga> 0.n
0..n
Personnel 2;{' _____________________ Person
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¢

0.n

<may dontain nested

YJource: IEC 62264-2.

0..n
<may containnested

Figure B.1 — Personnel model

» based equipment model

sed equipment model shownin Figure B.2 contains the information about specific equipm
of equipment and equipmeént capability tests.

ent,
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Equipment 0.n .
Class )..n <Defined by Equipment
0..n 0..n
Has ‘ ‘ Has
properties Is tested Is tested values for >
of> byan > by an >
0..n 0..n
Equipment
Capability Test
Specification
0.." 0..n <Records the EQUIp ent
Defines a execution of Capabilifty Test
Is tested procedurefor [T~7TTTTTTTTTTT ===y Reslilt
by an > obtainingan >
0..n 0..n
Equipment <°_-f‘ _________________ 0-n | Eqdipment

< may contain nested

NOTE Source: IEC 62264-2.

B.4 Physical asset mode]

<may contain nested

Figure B.2 ~— Role based equipment model

Thegphysical asset modelshown in Figure B.3 contains information about the physical piece of pquipment,
usuplly managed as a.physical asset within the enterprise often utilizing a specific serial nuniber.
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>May be made up of

r 0.n

>is aninstanceof
Physical 1.1 Physical
Asset 0.n AssetClass
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values for> by an > byan=> properties
0.n 0.n of>
Physical Asset
Capability Test
: e reEords thi Specification
Phygical Asset testing of
CapgbilityTest |~~~ [ 0.n 0.n
Result Defines a
procedure for Is tested
0..n obtainingan < bydns  0.n
Physical 0.n Mapsto 0.n Physical
ABSEL  |peeememsssssscsee e > AssetClass
Property Property
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NOTE Jource: IEC 62264-2.

Figure B.3.=~Physical asset model

B.5 Material model

The materfal model shown in (Figure B.4 contains information about the actual materials, matdrial
definitions|and information about classes of material definitions.
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Figure B.4 — Material model

NOTE  Source: IEC 62264-2.
B.4 Process segments model
Pro

pro

matu
visi

NOTE This corresponds to a resource model for material, as defined~mnISO 10303.

cess segments are the smallest elemients of manufacturing activities that are visible fo business
resses. The process segment model is a hierarchical model, in which multiple levels of ab{
facturing processes may be defined because there can be multiple business processe
ility to manufacturing activities. Figure B.5 presents the process segment model.

traction of
5 requiring
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Annex C
(informative)

Structure of a KPI record described by ISO 22400-2

Attributes nf KPlg

C1

Dat
ISO

Exp
of 0

C1

Exp

C1
Ab

TITCI TITICeC O~ UT T IO

1 General

22400-1 and ISO 22400-2. The KPI record associates relevant data in its structure with:
a description of the content of the KPI record;
context information.

lanations of a not all inclusive list of KPI record attributes are provided in the remaining
lause C.1.

2 Name / title of indicator

ression or designation of the KPI.

3 Application

Fief description of the benefits providedsby the KPI, including its use and consequences

applications.

C1

AK
asp

C1

The

C.1
The

4 Timing

Pl can be calculated either inreal-time (i.e. after each new data acquisition event), on demar]
ecific data selection request), or periodically (i.e. done at a certain interval, e.g. one time pg

5 Formula

mathematicalformula of the KPI based on its elements.

6 Unit/dimension

basicimit or dimension in which the KPI is expressed.

h that can be used for EPE can be found stored in KPI records structured if accordlance with

subclauses

in control

d (i.e. after
r day).

C.1.

7 Rating

The upper and lower logical limits of the KPI and the trend indicating improvement.

C1
Des

C1
Des

.8 Analysis / drill down

cription of related KPI elements to drill down and analyse the root cause of KPI results.

.9 User group:

cription of the user groups that utilize the KPI.
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