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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedlures used to develop this document and those intended for its further maintenance
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Introduction

Using key performance indicators (KPIs) for manufacturing operations management (MOM) is motivated

by t

he possibility to use them to improve the value creation processes of an enterprise.

Measuring performance enables an enterprise to quantify aspects of all its activities. [ISO 22400 focuses
on performance measures found to be particularly meaningful for the realization of operational
performance improvement. These performance measures can be achieved through combining various
measurements from operations and forming what are called KPIs. The monitoring of performance is
specific to identified objectives of the enterprise, and KPIs are most useful when their values can be

use

Wit
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per

An
per

The
wit
inte

The

1 to identify trends relative to certain operational objectives.

hinan enterprise, the various operational areas, such as sales, manufacturing, enginegering,
other business support functions, have different sets of performance indicators. Thg
formance indicators are used together to monitor the realization of enterprise business ol

International Standard for KPIs is beneficial for comparing enterprise pperations ove
ods of time and for comparing similar operations of enterprises within an industry.

management of manufacturing operations is normally associatéed with an intermg
hin the functional hierarchy of a manufacturing enterprise. In [EC 62264-1, the MOM do
rmediate domain between the enterprise domain (Level 4) aid the control domain (Levg

KPIs defined in this part of ISO 22400 are intended to\be calculated using data from

domain, and to provide both the enterprise domain and the MOM domain with decisi

infa

Thi

rmation to manage the enterprise.

5 part of ISO 22400 presents an overview, concepts and terminology for KPIs. ISO 224(

guidlelines for computing and for measuring the’components of a KPI. Future parts of ISO

cov

br definitions for the content and context-df'the exchange and the use of KPIs, and speci

relationships, dependencies among KPIs, arid the maturity of the collection and use of KPIs.

marketing,
se various
bjectives.

r extended

diate level
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INTERNATIONAL STANDARD ISO 22400-1:2014(E)

Automation systems and integration — Key performance
indicators (KPIs) for manufacturing operations
management —

Part 1:

Overview, conceptsand terminotogy |

1 |Scope

[SO[22400 specifies an industry-neutral framework for defining, composing,e€xchanging) and using
key|performance indicators (KPIs) for manufacturing operations management (MOM), as|defined in
IEC|62264-1, for batch, continuous and discrete industries.

Thig part of ISO 22400

— |provides an overview of a KPI;
— |presents concepts of relevance for working with KPIs,in¢luding criteria for constructing KPIs;
— [specifies terminology related to KPIs;

— |describes how a KPI can be used.

2 |Terms and definitions
For|[the purposes of this document, the following terms and definitions apply.

211
capfability
abiljity to perform actions

Not¢ 1 to entry: The definition includes attributes on qualifications and measures of the ability, as in the
defipition of capacity.

[SOPRCE: IEC 62264-1:2013, 3.1.6, modified]

2.1{2
element
relgvant measurements for use in the formula of a key performance indicator (2.1.5)

2.1.3
integration

state or condition wherein two or more entities are able to form, or be observed as, a single entity
exhibiting a structure, a behaviour, and a boundary that are determined by the interoperability (2.1.4)
properties of the forming entities, as needed to perform a common task

[SOURCE: ISO 18435-1:2009, 3.9, modified]

© ISO 2014 - All rights reserved 1
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2.14

interoperability
capability (2.1.1) of two or more entities to exchange items in accordance with a set of rules and
mechanisms implemented by an interface in each entity, in order to perform their respective tasks

Note 1 to entry: Examples of entities include devices, equipment, machines, people, processes (2.1.8), applications,
software units, systems and enterprises.

Note 2 to en

[SOURCE: I

try: Examples of items include information, material, energy, control, assets and ideas.

SO 18435-1:2009, 3.12]

2.1.5
key perfor
KPI

mance indicator

quantifiable level of achieving a critical objective

Note 1toen
data and/orj

2.1.6

ry: The KPIs are derived directly from, or through an aggregation function of, physical measuremg
other KPIs.

manufactyring operations management

MOM
activities
material in|

[SOURCE: I
2.1.7

vithin Level 3 of a manufacturing facility that coordinate‘the personnel, equipment
manufacturing

[EC 62264-1: 2013, 3.1.22]

manufactyring resource

physical orj

Note 1toen
machinery,
operators,

[

2.1.8
process
set of activ|

SOURCE: |

2.19

(role-base
equipment]
entities ca

logical entity that enables a manufacturingprocess (2.1.8)

ry: Manufacturing resources include (but dre' not limited to) manufacturing assets such as equipn
software, automation units, control devices, instrumentation, tooling, and other resources,

rllsaterials, fuels and the physical plaptwherein the resources are deployed.

0 18435-1:2009, 3.17]

ities performed withya’set of resources to realize an objective within a specified timeling

d) equipmenthierarchy

h perfern:

nts,

and

ent,
e.g.

model defined in terms of the Level 3 and 4 functions and activities that equipnjent

Note 1 to enltry: Adapted from IEC 62264-1:2013, 5.3.1, Note 1.
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Abbreviated terms
Identification

Key Performance Indicator

KPI-E Key Performance Indicator Effectiveness

MOM  Manufacturing Operations Management

UML  Unified Modeling Language

URI,
XM

4.1

The
pro

The
ISO
met
ach

4.2
A g

manufacturing operation.)The criteria are listed below, along with the process for perfor

indi

a)

b)

, Uniform Resource Locator

. eXtensible Mark-up Language

Concept of KPIs

General

cesses (see Clause A.2). An enterprise is described by three-hierarchical models:
physical asset;

functional;

equipment.

functional and the equipment hierarchy.'imodels are of importance in ISO 22400. T
22400 are limited to the MOM domain (see Clause A.4). Selection of KPIs depends on the
hodology that is used by the enterprise (see Clause A.5). KPIs in the MOM domain ig
eve improvement targets based onactionable information (see Clauses A.6 and A.7).

Criteria for KPIs

ood KPI has certain Criteria which ensure its usefulness in achieving various g(

vidual measurement)

Aligned: the-KPI is aligned to the degree to which the KPI affects change in relevant |
KPIs, wherealignment implies a high ratio of the percent improvement (assuming posit
in impoftant higher-level metrics to the percent improvement in a KPI (or KPI set), givg
changes'in the system.

Balanced: the extent to which a KPI is balanced within its chosen set of KPIs.

motivation for using KPIs in the MOM domain starts with @'description of the valye creation

he KPIs in
production
lentify and

als in the
ming each

igher-level
ve impact)
bn no other

d)

Standardized: the KPI is standardized to the extent to which a standard for the KPI exists and that
standard is correct, complete, and unambiguous; the standard can be plant-wide, corporate-wide,

or industry-wide.

Valid: the KPI is valid to the extent of the syntactic (i.e. grammar) and semantic (i.e

. meaning)

compliance between the operational definition of the KPI and the standard definition. If no standard

exists, then validity is zero.

Quantifiable: the KPI is quantifiable to the extent to which the value of the KPI can be numerically

specified; there is no penalty for the presence of uncertainty, as long as the uncertain
be quantified.

© IS0 2014 - All rights reserved
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f)

g)

h)

j)

k)

D)

p)

q)

9

Accurate: the KPI is accurate to the extent to which the measured value of the KPI is close to the true
value, where a departure from the true value can be affected by poor data quality, poor accessibility
to the measurement location, or the presence of substandard measurement devices and methods.

Timely: the KPI is timely to the extent it is computed and accessible in real-time, where real-time
depends on the operational context.

Predictive: the KPIis predictive to extentto which a KPlis able to predict non-steady-state operations.

Actionable: the KPI is actionable to the extent to which a team responsible for the KPI has the
knowledge, ability, and authority to improve the actual value of the KPI within their own process.

Track{l))le: the KPI is trackable to the extent to which the appropriate steps to take to fix a problem
are knpwn, documented, and accessible, where the particular problem is indicated by particplar
values|or temporal trends of the KPI.

Relevant: the KPI is relevant to the extent to which the KPI enables performanceimprovemert in
the tanget operation, demonstrates real-time performance, allows the accurate prediction of future
events| and reveals a record of the past performance valuable for analysis and feédback control.

Corredt: the KPI is correct to the extent that, compared to the standard définition (if one exists))the
calculgtion required to compute the value of the KPI compared to thé&standard definition (if|one
exists) has no errors with respect to the standard definition.

Complete: the KPI is complete to the extent that, compared to the' standard definition (if one exists),
the definition of the KPI, and the calculation required to compute the value of the KPI, covers all
parts, and no more, of the standard definition.

Unambiguous: the KPI is unambiguous to the extent that the syntax (i.e. grammar) and semartics
(i.e. m¢aning) in the definition of the KPI lacks ambigliity or uncertainty.

Autompted: the KPI is automated to the extent that KPI collection, transfer, computation,
implementation, and reporting are automated:

Buy-inf the KPI has buy-in to the extent that the team responsible for the target operation, as well
as tearns responsible for both upper and lower level KPIs, are willing to support the use of the[KPI
and pefrform the tasks necessary te-achieve target values for the KPI; includes difficulty of obtaining
official approval by management for the KPI.

Documented: the KPI is (documented to the extent that the documented instructions| for
implementation of a KPLare'up-to-date, correct, complete, and unambiguous, including instructjons
on how to compute the-.KPI, what measurements are necessary for its computation, and what actjons
to takgq for different KPI values.

Compdrable: thie KPI is comparable to the extent that means are defined to reference supporfing
measufrements over a period of time, and a normalizing factor to express the indicator in absolute
terms with.appropriate units of measure.

Understandable: the KPIis understandable to the extent that the meaning of the KPIis comprehended
by team members, management, and customers, particularly with respect to corporate goals.

Inexpensive: the KPI is inexpensive to the extent that the cost of measuring, computing, and
reporting the KPI is low.

4.3 Characterization of KPIs

4.3.1 General

A KPl is characterized by information regarding its content and context:

a)

4

content information: a quantifiable element with a specific unit of measure;

© ISO 2014 - All rights reserved
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context information: a verifiable list of conditions that are met.

The factors that determine the value of a KPI are assumed to be accessible to change using a particular
action plan. The action plan describes the activities that will lead to achieving the objective of the
operation, the resources and actors required for performing the activities, and the timeframe for
completing these activities.

4.3.

2 Content information

When a definition of a KPI is given, it should contain information about its content:

a)
b)
‘)
d)

e)
f)
g)
h)
4.3

The
pro

b)

d)

name: name of KPI, e.g. availability, worker effectiveness;
ID: a user-defined unique identification of the KPI in the user’s environment;
description: a description of the KPI;

scope: identification of the element for which the KPI is relevant, e.g. a workiunit, work c¢
order, product, or personnel (see [EC 62264-3);

formula: the mathematical formula of the KPI defined in terms of elements;
unit of measure: the basic unit or dimension in which the KPI is-expressed;
range: the upper and lower logical limits of the KPI;

trend: information about the improvement direction;ie. higher-is-better or lower-is-bet

3 Context information

specification of a KPI should contain infofmation about its context, including timing
Huction methodology, effect model diagram, and notes.

The timing context information sheuld specify the frequency of KPI calculation as folloy
1) real-time (as the process is 0¢ccurring): after each new data acquisition event,

2) periodically: done at@certain interval, e.g. one time per day, or

3) on-demand: aftera-specific data selection request.

Constraints: inforniation about possible constraints on how the KPI can be used.

Usage: information about how to use the KPI.

The audience context information should specify the user group typically utilizing th
usersgtroups in ISO 22400 may include:

bntre, work

ter.

, audience,

ying:

e KPI. The

1J0 operators: personnel responsible of direct operation of the equipment,

)

2) supervisors: personnel responsible for directing the activities of the operators, and

3) management: personnel responsible for the overall execution of production.

The production methodology should identify the method of production for which the KPI is generally

applicable: batch, continuous, and/or discrete.

The effect model diagram information should specify the location of the diagram depicting
the composition of the KPI from measurement sources. An effect model diagram is a graphical

representation of the dependencies of the KPI elements that is useful for understanding
of the source values.

© IS0 2014 - All rights reserved
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g) The notes should specify additional information related to the KPI calculation or use. This
information may include:

1) Co

2)
im

3)

nstraints that apply to the KPI in certain situations that make the KPI valid or invalid,

provement opportunities or needs, and

related operational categories, and improvement methods.

EXAMPLE 1,

Usage situations where the KPI is particularly useful for understanding performance

Other info that can be of relevance for the usage of the KPI, e.g. physical structure necessary,

ure

(see A.5.3),

EXAMPLE 2
products (s¢

EXAMPLE 3
or quality o

EXAMPLE 4
Sigma, etc.

4.4 Typq
The value ¢
ratio: 4

utiliza

effecti

rate: f
measu

capabi

4.5 Cate
The KPIs

lead ajf

o
br a certain KPI is useful only if the personnel are permanent to a working unit (see Clause A.3);

Physical structure can be single path, multiple path, or network-based with singlefor-mul
e A.5.3).

Related categories can be production operations, maintenance operations, inyentory operati
berations (see A.4.1).

Improvement methods can be lean, total quality management, world class manufacturing
see Clause A.6).

b5 of KPIs by unit of measure
fa KPI may be one of several types:
functional relation between two elements of the samé unit-of-measure;

Fion: a ratio with time as the unit of measure;

efficiency: ratio of the effort expended to the effortavailable;

veness: ratio of a planned or expected value to an observed value;

inctional relation between two~elements of different unit of measures where the un
re of the denominator is time;

ity index: measure of the fit of the capability (the characteristic of aresource) to the task assig

gories of KPIs by-purpose

ay be grouped-in-different ways, depending upon their purpose of use, as follows:

cost, time, quality;flexibility and sustainability;

d lag;

iple

ons,

Six

t of

hed.

quanti

fatiyve and qualitative;

resour

proces

maintenance, production, inventory and quality;

ces (i.e. personnel, material or equipment);

s, product and production.

4.6 Generating KPIs from measurements

4.6.1 Elements

The relevant measurements for a KPI shall be referred to as elements of the KPI formula.

© ISO 2014 - All rights reserved
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4.6.2 Weighting

The elements occurring in the KPI formula may be weighted so that certain elements have a greater
impact on the value of the KPI.

4.7 Identification and selection of KPIs
To identify KPIs, the following aspects of the target operation are assumed to be known:

— well-defined component processes of the target operation;

— [required conditions to conduct the component processes;
— [quantitative and qualitative measures of the outcomes and of the objectives;
— |available courses ofaction for adjusting the processesand resources to achieve the.operation’s objectives.

KPIk are selected to focus on users’ needs and expectations regarding the outcomes of the marjufacturing
operations, without restricting the means of meeting those needs and‘eéxpectations. Thie intent of
[SO|22400 is to allow the broadest possible use of the KPI definitions acr@ss a variety of indugtry sectors
and|regional markets.

The  selection and use of KPIs within a manufacturing enterprise are illustrated by the folloying steps:
a) |operations and elements of operations to be evaluated ate fdentified;

b) |objectives to be realized with use of performance iridicators are determined;
c) |operational actions when using performance indicators to realize expectations are desdribed;
d) |defining assessment criteria and associatedimeasurements for performance indicators;
e) |selecting KPIs;

f) |assessing performance versus objectives with the KPIs obtained;

g) |performing associated actions to meet objectives.

In Jome manufacturing enterprises, the KPIs have an owner, i.e. a person or a team responsible for
achleving the desired result

4.8| Structure of(KPI

The structure of{aKPI should represent the description and definition of a KPI. It could bg given in a
table formatyeXchange format, graphical format, etc.

4.9| Presentation of KPI

The presentation of a KPTI (i.e. the value of the KPT and not the definition of i) can be made in various
ways (e.g. a pie-chart).

5 Definitions and descriptions

5.1 General model

A KPI may be represented by its definition (i.e. composed of content and context information as
described in 4.3.1, 4.3.2 and 4.3.3) and its description (further information is provided in ISO 22400-2).
The definition part is compact (compare what may be found in a dictionary), whereas the description is
an explanation of its meaning, structure and usage.

© ISO 2014 - All rights reserved 7
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5.2 Tabl

e structure

The description of a KPI definition should be expressed using the table structure in Table 1.

Table 1 — Table structure of a KPI

KPI description

Content:

Name

ID

Description

Scope

Formula

Unit of measuf

Range

Trend

Context:

Timing

Audience

Production m

bthodology

Effect model d

iagram

Notes

(including information on constraintsyusage, etc.)

5.3 Elements

The releva

54 Tim

The eleme
graphic tin

5.5 Effeq

Each defini
diagram. T

its source measurements or elements. The depiction also may highlight the relationship between K

elements W

1t measurements for a KPI shall be referred to as elements of the KPI formula.

e models

nts and their relationship_te éach other and to other elements may be visualized
he model.

't model diagrams

tion and description of a may include an effect model. The effect model is a kind of root-c4
he effect mgdel is a depiction that highlights the relationship between the KPI value

ith otherKPIs and other KPI elements.

The KPIca

:E alSe be defined and described by an effect model. The effect model can be seen as aroot-cz

diagram. Theeffect model is a picture that highlights the relationship between the KPI and its elemsd

na

use
and
PI’s

use

The effect models also highlight the relationship between these elements and other KPI elements.

nts.

The KPIs and the elements are visualized as rectangles. The relationships are shown as arrows. The
arrows can be of different types, as shown in Table 2.
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Table 2 — Effect model diagram key

Arrow Definition
results, through use of a formula, in a KPI
—_——— e — e +
includes (a 1:1 relationship)
_________ . has (i.e. is booked or entered)
consists of (a 1:n relationship)
—_—

6

6.1

AK
MO
3 ar

NOT
ISO
KPI

NOT
be d

6.2

For
stry
givg

Exchange and use

General

Pl may be exchanged from one MOM application to another, i.e~exchange within Level
M application to other enterprise applications in the enterprise domain, i.e. exchange bet
|d Level 4.

E1 The KPI transfer syntax is assumed to conform to_the formal KPI templates and will be
p2400-31). To realize the interoperability of applications, those applications need to have access t
template.

E2 Detailed scenarios regarding exchanges of'KPIs among applications residing in various d
escribed in in 1SO 22400-32).

Abstract structure for exchange purposes

the purpose of exchanging KPIs,.the KPI definition and description should be given in
cture. In addition to the KPkdefinition and description, the KPI instance and KPI valy
n in abstract structures. The abstract structure could be in UML.

KPI definition: This is\the definition of a KP], i.e. the table structure and its content. Thi
used if the formuld&’and correlated information should be exchanged between two applid

KPI instance:(The KPI definition may be used for several instances, like work-units, p4
several orders:

KPI value: A KPI instance has one value which may vary over time. There can be many
assoCiated to one KPI instance, one for each point in time.

The

B or from a
ween Level

specified in
p the formal

omains will

hn abstract
e could be

5 should be
ations.

brsons, and

KPI values

KPI model is presented in Figure 1.

1
2)

Under preparation.

Under preparation.

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=4b5ae292b36e33ce00358051e9fe7373

IS0 22400-1:2014(E)

KPI definition

v

KPI instance

¥

KPI value

KPI range

KPI définition
property

Each objec
instance pr

a)

10

KPI definition attributes:

najme;
ID
depcription;
scope;

formula;

unfittef measure;
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Figure 1 — KPI model{{UML notation)

F in the KPI model has a set of associated attributes. The KPI definition property and the|KPI
operty correspond to user-defined-attributes. Each property has a set of associated attribytes.

range;
trend;

timing;

audience;

production methodology;
effect model;

notes;
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b) KPI definition property attributes:
— name;
— 1ID;
— value;
— description;

— unit of measure;

c) |KPIlinstance attributes:
— name;

— ID;

— hierarchy scope;

d) |KPIinstance property attributes:
— name;

— 1ID;

— value;

— description;

— unit of measure;

e) |range attributes:

— name;

— description;

— upper;

— lower;

f) |KPIresource reference:
— 1ID;

— reference;

g) |KPI value attributes:

—) ID;

— time;
— value;

— unit of measure.

7 Relationships and dependencies

7.1 General

When performing the manufacturing operations, the evaluation of the results and the comparison of
these results with the objectives of the business can be expressed in either technical or economic terms.
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These evaluations are based on measurements about the products, processes, services and resources
as they relate to the performance of the operations. The comparisons with business objectives depend
on the measures and metrics being chosen alignment with the objectives and on those measures being
used to identify actions at the MOM domain to meet the business objectives. To a certain extent, the
alignment of the measures and metrics from the MOM domain with the business objectives reflects the
quality of the enterprise integration.

— Relationships result from a change in one KPI affecting other KPIs.

— Dependencies result from a KPI used in the calculation of other KPIs.

NOTE (IJ)U ZZA00-43 Wil detail relationsnips and dependencies.

7.2 Model of relationships and dependencies

Models majy be used to express the relationships and dependencies of a KPI, see Figure Z.

v
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Figure 2 — Model presenting the relationship and dependencies of a KPI

NOTE1 The abbreviations used in Figure 2 are defined in ISO 22400-2.

NOTE2 SO 22400-4% will detail the model of relationships and dependencies for KPIs.

7.3 Effectiveness of KPIs

Effectiveness of KPIs means how well the KPI helps to create value.

3) Under preparation.
4) Under preparation.
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At MOM domain, manufacturers are faced with choosing only a few KPIs from the many available. The
few chosen should be the most effective possible in order to maximize efficient and effective production,
as well as to achieve business objectives. Therefore, it is essential that manufacturers understand well
the usefulness of the different KPIs. In order to compare the relative usefulness of individual KPIs, it is
necessary to understand the effectiveness of each KPI. This understanding is currently accomplished
implicitly by operators, supervisors, and managers in collaboration. However, what is described here is
a formula to compute KPI effectiveness (KPI-E).

KPI-E is a measure of the usefulness of a single KPI for a particular operation. KPI-E can be computed
by a normalized weighted average of the individual effectiveness scores, using the criteria listed in 4.2.
KPI-E is calculated according to Formula (1):

M

w.E.

i=1 J U
JM— (1)
j=1 Wi
whére

Ejj | istheith KPI's score in terms of the jth criterion: the weights are expected to vary basqd on the
particular KPI under consideration;

w;j | isthe relative importance (weight) of the jth criterion to the pperation;
M | isthe total number of criteria.

NOTE 1SO 22400-45) will detail KPI effectiveness.

7.4 Maturity model

The| use of KPIs has become increasingly impertant for the success of manufacturers. Manjufacturers
are|seeking guidance to improve their performance management. The aim is to assess effectiveness
of their current performance measurementpractices, to visualize the path to increased pefrformance,
and| to benefit from benchmarking in_their industry. An understanding of their current pg¢rformance
mamnagement maturity level will help to'achieve this aim.

Thel maturity model can be uséed to realize these aims. The maturity model defines fiye levels of
incyeasing maturity:

— |innocence;

— |awareness;

— |understanding;
— |compefence;

— |excellence.

The maturity model recognizes categories of MOM operations relevant to metrics maturity, such as
production, inventory, quality, and maintenance. KPI relevant maturity characteristics for each category
of MOM operations are then defined for each maturity level.

In order to achieve performance management success, the underlying performance management
processes also have to be identified, implemented, and continuously improved. These performance
management processes are KPI definition, KPI relevant data collection, KPI computation, KPI analysis,
and KPI use. The management processes are viewed from the perspective of people, data collection

5) Under preparation.
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and aggregation processes, and technology. KPI relevant maturity characteristics for underlying
performance management processes are defined for each maturity level.

NOTE ISO 22400-45) will detail the maturity model.

6) Under preparation.
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