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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL-PROCESS MEASUREMENT, CONTROL AND AUTOMATION -
LIFE-CYCLE-MANAGEMENT FOR SYSTEMS AND COMPONENTS

9)

Internatignal Standatrd IEC 62890 has been prepared by IEC technical committee 65: |
process easurement, control and automation.

The text pfithis International Standard is based on the following documents:

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization

comprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international

in addit|on to other activities, IEC publishes International Standards, Technical Specifications, Téchnic
Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication

consengus of opinion on the relevant subjects since each technical committee has representati
interested IEC National Committees.

IEC Puplications have the form of recommendations for international use and are accepted by IH
Commiftees in that sense. While all reasonable efforts are made to ensure that the technical con
Publicafions is accurate, IEC cannot be held responsible for the<way in which they are used
misintefpretation by any end user.

In order to promote international uniformity, IEC National Cemmittees undertake to apply |IEC H
transpafently to the maximum extent possible in their national and regional publications. Any divergen
any IEQ Publication and the corresponding national or regional“publication shall be clearly indicated i

IEC its¢lf does not provide any attestation of conformity.~Independent certification bodies provide
assessinent services and, in some areas, access to, IEC marks of conformity. IEC is not responsi
service$ carried out by independent certification bodies.

All userns should ensure that they have the latest\edition of this publication.

No liabllity shall attach to IEC or its directors, employees, servants or agents including individual 4
membefs of its technical committees and.JEC National Committees for any personal injury, property
other damage of any nature whatsoeven, whether direct or indirect, or for costs (including lega
expenses arising out of the publicatign, use of, or reliance upon, this IEC Publication or any other IEC H

Attentign is drawn to the Normative references cited in this publication. Use of the referenced puj
indispepsable for the correct application of this publication.

Attentign is drawn to the possibility that some of the elements of this IEC Publication may be the subje
rights. |EC shall not be held’/responsible for identifying any or all such patent rights.
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Full information on the voting for the approval of this International Standard can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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INTRODUCTION

In today's automation applications, an increasing divergence of the life-cycles of components,
devices and systems in comparison to the life time of overall plants is evident. The increasing
functionality of components, the advancing development of electronics and the innovation
dynamics inherent to hardware and software are continuously shortening the life-cycle of
individual automation components. Certain semiconductor components are only manufactured
for a short period of time, for example, and subsequently abandoned.

By comparison, the time in use of automation systems is considerably longer. Moreover, there
are considerable differences depending on the industry sector. The time in use of a production
line in the automobile industry is usually identical with the period of time in which a new model
is manufae —wreh—ts—arotne o—8-years—today—By-comparison—the—operatiormal life of a
process plant in the chemical industry is typically some 15 years, while up to 50 years may be
reached In the case of oil and energy, and power plants. The plant and product life‘Cy¢les have
to be c¢nsidered by the management for the overall plant functionality and ¢conomic
considerations.

C aroarrd Ooday »aY

Increased utilization and integration of plant process data from automation systemg towards
enterprisp and asset management systems has caused technology dependencies|between
hierarchy layers of automation systems. A more uniform way‘ef dealing with LUife-Cycle
Management between these layers and all partners in the value\ehain is essential with respect
to plant regularity, operability and security aspects.

Consequpntly, this necessitates different strategies toimaintain the availability of the[plant by.
sophisticated maintenance strategies. As a result,«xeohsiderable demands are made on the
delivery ¢apacity of automation products and spare,parts, as well as the provision of [services,
such as maintenance and repairs. For example,\when the planning of a new plant gnvisages
the usagg of a newer version of an engineering system, the producer has to ensureg that this
newer version can also be employed for older components and systems already in Use in the
existing plant and may have to develop. upgrades accordingly. To an increasing exXtent, this
calls for ¢lose cooperation between the\partners along the value chain.

The presgented situation illustrates that mastering these conflicting characteristics of Life-Cycle-
Management will become increasingly significant in automation, not least in the| ongoing
discussigns between plantusers and manufacturers as well as manufacturers and guppliers.
The intefaction betweep-‘global, legal and technical aspects — including demands| for high
functiongllity and efficieney, as well as the influence of IT technologies in automation 1 helps to
demonstiate the scope of this topic.

This Intefnational Standard has been prepared in response to this situation. It is conjprised of
basic, cdmplementary and consistent models and strategies for Life-Cycle-Management in
automatipn."These generic models and strategies are then applied to various examplés.

Consequently, this document represents a consistent general approach, which is applicable to
automation in various industrial sectors. The economic significance of Life-Cycle-Management
is a recurring theme of this document. The definitions of generic models, terms, processes and
strategies form an indispensable foundation for a joint understanding between plant users and
manufacturers and between manufacturers and suppliers regarding Life-Cycle-Management.

Proactive Life-Cycle-Management focuses on the selection of robust components,
specifications, and technologies that consequently have long-term stability. The proactive
approach includes the application of this set of generic reference models in the development of
standards in order to be able to efficiently ensure sustainable interoperability and compatibility.
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INDUSTRIAL-PROCESS MEASUREMENT, CONTROL AND AUTOMATION -
LIFE-CYCLE-MANAGEMENT FOR SYSTEMS AND COMPONENTS

1 Scope

This International Standard establishes basic principles for Life-Cycle-Management of systems
and components used for industrial-process measurement, control and automation. These
principles are applicable to various industrial sectors. This standard provides definitions and
reference models related to the life-cycle of a product type and the life time of a product instance,
It defines a consistent set of generic reference models and terms. The key models defined are:

— Life-Qycle-Model;
— structure model,

— compptibility model.

This document also describes the application of these models for (Life-Cycle-Management
strategies. The content is used for technical aspects concernifng the design, planning,
development and maintenance of automation systems and componénts and the opégration of
the plant
The defjnitions of generic models and terms regarding Life-Cycle-Management are
indispengable for a common understanding and application” by all partners in the vajue chain
such as plant user, product and system producer, service provider, and component slipplier.

The models and strategies described in this_(standard are also applicable fof related
management systems, i.e. MES and ERP.

2 Normative references

There arg¢ no normative references in‘this document.

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the plurposes of/this document, the following terms and definitions apply.

ISO and |IEC( maintain terminological databases for use in standardization at the |following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

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

3.1.1

after-sales support phase

phase in the life-cycle of a product type which begins at the end of the selling phase and ends
with product abandonment

3.1.2

backward compatibility

downward compatibility

fulfilment by a new component of all the specified requirements of the compatibility profile of its
predecessor

Note 1 to entry: Antonyms are forward compatibility and upward compatibility, respectively.
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3.1.3
capability profile
compatibility profile that represents characteristics of a product type

3.1.4
compatibility
ability of a component to fulfill the compatibility profile of another component

3.1.5
compatibility assessment
verification of an agreed compatibility level

3.1.6
compatiLiIity profile
list of all compatibility requirements of a system, or a component of a system, depending upon
the appligation

3.1.7
componeént
autonomous element of a system, which fulfills a defined sub-function

3.1.8
construgtion compatibility
fulfilmen{ of the constructional aspects of a compatibility/prefile by a component

Note 1 to [entry: Related requirements are physical dimensions, construction properties, connectipn method
(including g.g. power supply) and the location with respect to @avironmental conditions.

3.1.9
data compatibility
fulfilmen'{of the functional aspects related-to data type and format of a compatibility profile by
a component

3.1.10
delivery [release
end of the manufacturing preparation process after which series production can begir

Note 1 to eptry: The manufacturing preparation process is part of the development phase.

3.1.11
development phase
phase of|the(product life-cycle which begins with the decision to develop a product|type and
ends with delivery release of the product type

3.1.12
disposal
removal of a product instance following the time in use and disposal or recycling

Note 1 to entry: This is the final phase of the life-cycle of a product instance

3.1.13
end of sales
end of all active sales activities for a product

Note 1 to entry: This is also called discontinuation of a product.

3.1.14
end of service
end of all service activities for a product type
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3.1.15
end of production
point of time when instances of a product type are no longer produced

3.1.16
full compatibility
fulfilment of all aspects of a compatibility profile by a component

Note 1 to entry: The aspects are function, construction, location and performance.

3.1.17
function compatibility
fulfilment of the functional aspects of a compatibility profile by a component

3.1.18
instance
concrete] clearly identifiable component of a certain type

Note 1 to eptry: It becomes an individual entity of a type, for example a device, by defining specific propgrty values.

Note 2 to eptry: In an object-oriented view, an instance denotes an object of a ¢lass’(of a type).

3.1.19
last-timg buy
Life-Cyclge-Management strategy in which instances of an abandoned product ftype are
purchased before end of sales

3.1.20
level of ¢gompatibility
fulfillmeng of the requirements described in th&‘compatibility profile

3.1.21
life time
length of|time from the end of the.creation of a product instance to the end of disposa

3.1.22
life-cycle
length off time from thé start of the development phase of a product type to thg product
abandonment

3.1.23
Life-Cyc|e-Costs
sum of all iastance costs for plant user incurred after purchase up to the end of the life time of
a system

3.1.24

Life-Cycle-Excellence

holistic approach to managing changing conditions to ensure technical, application specific,
economic and ecological robustness of the Life-Cycle-Management for products

3.1.25

Life-Cycle-Management

methods and activities for the planning, realization and maintenance of products for the life-
cycle of types and the life time of instances

3.1.26

Life-Cycle-Management strategy

strategy for applying Life-Cycle-Management methods to ensure the availability of a system
throughout the time in use
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3.1.27

migration

replacement of components in an existing system by a component with extended or modified
functionality or with a different technology while maintaining functionality

3.1.28

milestone

defined point in time with a specific meaning for example:
— 3.1.10 delivery release

— 3.1.13 end of sales

— 3.1.15 end of production

— 3.1.14 end of service sales
— 3.1.32 product abandonment

3.1.29
obsolete product
not available product from the original producer to the original specification

[SOURCE: IEC 62402:2019, 3.1.15, modified]

3.1.30
producef
company| which develops a product type, maintains it\during its life-cycle and manpfactures
instanceg of this type

3.1.31

product
commodity (goods or service) for operationalbusiness, with defined properties (of proquct type),
which is ¢reated (product instance) in apalue chain process with reproducible quality

Note 1 to gntry: It is sold during a defined period and is technically and logistically supported uftil product
abandonmgnt. The value chain process c¢an be a process for integrating components into a system [integration
process). Hroducts can be hardware, software, services or combinations thereof.

3.1.32
product pbandonment
point of time when all service for a product type have stopped

3.1.33
product jnstance
Instantia‘ed product types

Note 1 to entry: Instantiated expresses that the product has been produced, the service has been performed, the
software has been registered, etc.

3.1.34
product type
definition of all characterizations for instantiated products

Note 1 to entry: Instantiated expresses that the product has been produced, the service has been performed, the
software has been registered, etc.

3.1.35

re-design

Life-Cycle-Management strategy in which a new version of a product type is developed which
typically fulfils or exceeds the specification, and therefore the compatibility profile, of a previous
type
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3.1.36

requirements profile

compatibility profile that represents characteristics of a role-based equipment, required to
achieve its role

3.1.37

revision

defined status of a software or hardware, including all of its integrated components, which is
explicitly identified by a revision number

3.1.38
robustness

Capabmt\ of o e\]/eh:\m to continue to fulfill its function under r\hgnglng conditions

3.1.39
sales phpse
phase of|life-cycle which begins at delivery release and end with end of production

3.1.40
sales release
point of time when active sales activities for a product type have started

3.1.41
service
total of a|l supporting activities for products (types andiinstances)

Note 1 to [entry: Standard services end with product typesabandonment. Supporting activities affer product
abandonmegnt are subject to special service agreements.

3.1.42
signal compatibility
level of |compatibility from the functior’ view of the compatibility profile related fo signal
acquisitign and processing

3.1.43
softwarel compatibility
level of compatibility from'the function view of the compatibility profile related to software

3.1.44
standard services
level of service-without consideration of specific user requirements

3.1.45
substitution

Life-Cycle-Management strategy in which instances of a product type are replaced by instances
of a compatible new type without repercussions for the system

3.1.46

system

defined and structured set of components which fulfill a function (system function) through
interactions or interrelationships with each other

Note 1 to entry: Systems could have a hierarchical structure, i.e. they could consist of underlying systems (which
are then considered components of the system).

Note 2 to entry: From a sales perspective, a system denotes a set of product types belonging to a specific portfolio
line.
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3.1.47
time in use
portion of the life time in which a product instance is actually in use for its intended purpose

3.1.48
update
new revision of a version designed for error correction and/or minor functional improvements

Note 1 to entry: For software, an update is called a patch which can include bug fix for general errors and hotfix for
critical or urgent error corrections.

3.1.49
upgrade
product fpr upgrading a component to a newer version with improved or enhanced functionality

Note 1 to eptry: The term upgrade can apply to hardware and software.

3.1.50

version
defined dtatus of a product type, including all of its integrated compon@énts, which is|explicitly
identified by a version number

3.1.51
warranty| period
time franfe in which a replacement or repair of a faulty item.is contractually assured

3.2 Afjbreviated terms and acronyms

ASIC Application specific integrated circuit
CE Conformité Européenne
COTS [omponents Off The Shelf

NOTE 1 Also used for Commercial Off The Shelf.

EMC Flectromagnetic compatibility
ERP Enterprise ResourcePlanning
EU European Union

FDA Food and Drug-administration

FPGA Field programmable gate array

ID dentifier
IT nfermation technology
LCC | ife-Cycle Costing

MES Manufacturing execution system
PLM Product Life-Cycle Management
RoHS Reduction of Hazardous Substances
TCO Total Cost of Ownership

UML Unified Modelling Language

NOTE 2 See Annex F.
USB Universal serial bus
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4 Generic models for Life-Cycle-Management

4.1 Product type and product instance

Requirements from industries result in a very wide range of factors which affect the life-cycles
of products to varying degrees. Consequently, the Life-Cycle-Model specified in this document
takes this into account. The differentiation between product types and product instances is
fundamental. Each product instance is an instantiation (produced product, registered software,
performed service, etc.) of a product type. As shown in the UML diagram of Figure 1, a product
type can be represented by a UML class and a product instance by a UML object. The semantics
of the UML elements used in this document are explained in Annex F.

Examples:

Product_Type_1
* Measuring transmitter (type)
Property_1: order_number:string

order_number : string

Serial_number : siring Property_2: serial_number:string
Property_3: max_power_consumption:stfing
calibrate() Property_4: measurement_range:string[2]
AR Method_1: calibrate()

. ’ \ *kk
<<ipstanceOf>> ,/ \

’
/, \
, \

/ \ <<instanceOf>> Measuring transmitter (instance_n)
Profiuct Instance n: \ Property_1: order_number="1234"
ProfuctType_T \ Property_2: serial_numbgb=“abcd”
ordgr_number = Value_x Property_3: power_cénsumption=“40mW” i

\ Property_4: measuftepient_range=“20° C”, “100° ¢

*kk

\ Measuring transmitter (instance_m)

Producl nstance m- Property_1; order_number=1234"
Broduct Type 1 Property~27serial_number=“efgh”
order_number = Value_y Property»3: power_consumption=“40mW”

Propexty_4: measurement_range=“-10° C”, “510° [C

IEC
Figure 1 — Relationship.of product type and its product instance(s)

A produc} type is characterized by/an unambiguous product ID (for example the order|number),
a set of development docduments, manufacturing and test descriptions, and [technical
documenitation. For appreval of a product type for specific applications, certificateg can be
demand€d and issued. This definition of a product type is valid for hardware products,|software
products] and products.that are hardware/software bundles. Typically, the right to us¢ product
types is [regulatedin* reproduction licensing agreements. All activities that are performed
regarding the development, maintenance, and service of a product type, regardless of how often
it is manyfactured, refer to the product type.

According-te. I:igllrn 1, each prnrhlr\nrl unit of o prndllr\f +ypn rnprnennf: 2 pl‘f\!’lll{‘f mstance of
this type. The product instance is always an individual entity and shall be identified by an
unambiguous identifier (such as a serial number). The right to use product instances of software
products is regulated by license agreements.

NOTE 1 Some countries have specific guidelines. [9]1.

Activities for a product instance are: manufacturing, all services during the life time, etc. It is
recommended to document activities related to the product instance throughout its life time for
e.g. asset management (see Figure 2).

NOTE 2 In some cases, there exists recommendations or regulation for archiving of history beyond the end of the
life time.

1 Figures in square brackets refer to the bibliography.
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4.2 Life-Cycle-Model
The life-cycle of a product type is divided into phases as shown in Figure 2. Milestones are

associated to these phases (see the filled diamond in Figure 2) and the announcements (see
diamond in Figure 2).

NOTE 1 Each phase can be further detailed, if necessary.

1 3A-->43 S5A----- >4{5 6

]

evelopment Upgrading and updating
of product type Legend:

Milestones 4

N
»

Announéeménts

| N =
Manufacturing 5
HE  coss =LLLL] 2
Standard service Special service
| Sales release 2 Delivery release
9| End of sales 3A  Announcement of end of sales % End of production
9| End of standard service $A> Announcement of end of setvice 6 Productabandonmell;t
EC

Figure 2 — Generic Life-Cycle-Model of a product type

The life-¢ycle begins with the development phase, in which the product is developed as a
product type. During the development,phase of a product type, the product type is developed
by some]activities such as designing, testing, sales preparation, and trials (piloting) in the
targeted pystem environments. When’'the specified technical and commercial criteria have been
met, the product is released for 'sale (see milestone 1). Following the conclusion of sficcessful
testing, Production preparation process and service preparation, the delivery rg¢lease is
achieved|(milestone 2). Thistsenables manufacturing of the product, which means, in the context
of the intfoduced terminology, the instancing of the product type starts.

The salep phase follows the development phase. The operational business with the¢ product
type finishes with_the end of sales (see milestones 3). the end of production (see milgstone 4)
is after the end of the sales phase and depends on technical and economic conditions. An
announceément’of end of sales (milestone 3A) should be communicated to enable plant users
to cover their demands before end of production.

Standard service for the product begins with delivery release (see milestone 2) and ends with
end of standard service (see milestone 5). The after-sales support phase begins with the end
of sales (see milestone 3) and finishes with product abandonment. The end of standard service
(see milestone 5) occurs in the after-sales support phase prior to product abandonment. This
means that all product-related deliveries i.e. spare parts, documentation, etc. and standard
services provided by the producer end with the product abandonment. An announcement of end
of sales (milestone 5A) should be communicated to enable plant users to cover their service
demands before product abandonment. In the phase between milestone 5 and 6 special
services maybe available. After milestone 6, the product (type) is obsolete.

The sum of these phases for a product type is called the product life-cycle. The term "cycle" is
meant to express that there is a recurring sequence in the context of the product evolution
(Figure 3). These innovation cycles result in new product versions of the product. Rules for
versioning of a product type should be specified.


https://iecnorm.com/api/?name=9bc35e43edf4d681fe45b6ca0170f11c

IEC 62890:2020 © IEC 2020 -15-

Process descriptions are used for all activities required for managing a product life-cycle,
enabling concurrent workflows while ensuring fulfilment of required quality criteria. This
process is usually referred to as the Product Life-Cycle-Management process (PLM process)
and comprises the type-related sub-processes portfolio management, definition, realization,
commercialization, and after-sales support.

In order to manage the history of design and design change of a product type, version and
revision are used. The product manufacturer should keep information regarding history of
design and design change available.

VZy Sales After-sales support
V1.x » After-sales support Obsolete

Product %
evolution

: Time
Vn.m Version
n: version number

m: revision number
EC

Figure 3 — Evolution of products (type with version and revision)

Product l|evolution is described by version _number and revision number. More| detailed
versioning conventions may be applied, for example a third level for minor error corrgctions or
a fourth level for build numbers of software‘products. This version information is highly relevant
with regard to the compatibility and swequires version management conventions. Typically,
product types with different version pimbers have their own after-sales support phase.

NOTE 2 Ip some industries, there ,are’ recommendations for version management for example the NAMUR
recommendation NE53 [10].

Progluct *
mainte-

nange
V1.2 » After-sales support
V1.1 Sales After-sales support
V1.0 » After-sales support

; Time
Vn.m Version
n: version number
m: revision number IEC

Figure 4 — Maintenance of products (type with version and revision)

The service provided in the after-sales support phase depends on service levels (see 5.7.2).
Typically, product types with different revision numbers are not maintained as individual
products. Instead, only the type with the latest revision has an after-sales support (see Figure 4).
In case of specific service contracts (see 5.7.4), other revisions may be maintained as well.
Each product instance has a life time (see Figure 5) that starts with production (milestone a),
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for example the hardware manufacturing, and ends with start of disassembling or with disposal
of this instance (milestone f). The product life time can last significantly longer than the end of
the life-cycle of the product type (milestone 6) (Figure 5). The essential section of the life time
is the time in use, which begins at milestone ¢, for example with the software
installation/activation, and ends with the decommissioning (milestone e), for example de-
installation or irreparable defect. The time in use can be interrupted by outage times (down
times).

The warranty period begins when the risk is passed to the customer (milestone b), for example
the handover of a plant to the customer after acceptance and ends in accordance with legal
regulations or customer contracts (milestone d). The warranty period is independent from the
milestone "end of sales".

All delivgries i.e. spare parts, documentation, etc. and standard services provided by the
producer| related to product types and instances, end with the productabarndonment
(milestonle 6). Support may be extended through special agreement.
6
Product Type !
Life cycle solete
5> <d ;
Produgct Instance 8o ! g e <
P L L\ L L ! Disagsembling,
_ L|fg time -.'“ﬁ dispheal
Time in use . g M e
Outage time P > P »
\Varranty period P ' S b
Standard service D ; P
Jervice through R i P
speg¢ial agreements LG ! b
T 7 — > Time
a> Product instance manufactured
b> Start of warranty period for the cusjomer
¢ Start of time in use
&> End of warranty period
e End of time in use
6> Preduct abandonment > End of life time .
Figure 5 — Life time of a product instance
4.3  Structure model

A system can be understood as a defined, structured set of elements (components) which fulfills
a function (system function) through interactions or interrelationships with each other. Systems
can be hierarchically structured, which means that they can consist of underlying systems
(which are then considered components of the system above). A UML diagram is shown in
(Figure 6), emphasizing the system — component hierarchy. The left part contains the definition
of an abstract system with an aggregation of (underlying) systems, each of it known as a
Component to the system. The right part contains specific systems ("System (n+1)", "System
n", "System (n-1)") that are derived from the abstract system. Additionally, the hierarchical
relation is shown, indicating e.g. that "System n" is known by "System (n+1)" as its "Component
(n+1).2", while "System n" itself knows "System (n-1)" as its "Component n.3" and so on.
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<<abstract>>
System

- 17 -

System (n+1)

0.* 4

Component

0.1

inSystem

Component [(n+1).2]

System n

Component [n.3] I
I

System (n-1)

N

Component [(n—1’)._2ﬁ _________

Figure 6 — UML diagram of a hierarchical,system structure

For exanjple, a "measuring transmitter" system consists“6f hardware components, sugh as the

housing,

such as g¢apacitors, resistors, processer, memory, etc.). The "measuring transmitter"

connector and electronics (which again represéent a system consisting of components

Eystem is

itself a component in the "instrumentation and control" system (Figure 7).
- Examples: —
A= ] mn o ﬁ
System (n+1 (n+1) Instrumentation and control T % im & <
@monent (n+1)1) Component (n (n+1)1 Control system /)
(n+1).2 Measuring transducer K
g Els III
g System n n Measuring transmitter b
S @ n.1 Housing )
= - n.2 Connector ¥
: n.3 Electronics
qE_) <Component n.3 ,AJ
= U Al
U) -~ 1\
> S~a RAEAN!
w . ARV
< System (n-1) (n-1) Electronics , \
Cdm EE 0.1 (n-1).1 Processor )
@ (n-1).2 Memory
m (n-1).3 System software
/z' N~ 2 -

IEC

Figure 7 — Hierarchical system structure (example)

Regardless of the hierarchy level, each system has a life-cycle that can be depicted according
to Figure 2. Each phase of life-cycle of a system needs to be covered by the corresponding
phase or an earlier phase, of life-cycles of all components of the system (Figure 8).
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D ®

>

Componentn.1 > >

Component n.2 =

Component n.3 > )

After-sales support
of component n.2
before product

abandonment of system n

Sales of component n.3
ends before end of sales

Figure 8 — Example for Life-Cycle-Management of a system (type)
by integrating components (types)

2  Delivery release
4 ERMOT production
&{(Froduct abandonment

IEC

System groducers face a major challenge due to dependencies on the divergent life{cycles of
components. The system producer is responsible for continuous, evolutionary develdpment of
his systgm to meet compatibility demands:\ For example, in Figure 8, the trarsition of
Compongnt n.2 into after-sales support takesiplaces before product abandonment of Bystem n
(milestonje 6). In order to ensure and extend the production of System n, some easures

against the product abandonment of component n.3 are necessary.

Compongnts are integrated inta” a“system as shown in Figure 9 using Event-driven| Process
Chains (EPC). The integrationprocess needs to be defined and documented. A spgcific role

"System-Life-Cycle-Manager®ishould be assigned.



https://iecnorm.com/api/?name=9bc35e43edf4d681fe45b6ca0170f11c

IEC 62890:2020 © IEC 2020 -19 -

4.4 Cd

In autom
requirem
model re
be defing

A capabi
defined f

The prog
propertie

Integration
step n-1
System-Lifecycle-
tn l Manager
component n.
Integration System developer
step n-1
component n.2 .
P finished
System tester
component n.3
H J’
Integration y
St n
2 o 7 Systemn
Process l
Manual —
Instructions Integration
Stepn Actiity
finished
| Ny
Application J . RS
Development  —— L
Test \<(, Status
Integration  § Document
step n+1 Application

IEC
Figure 9 — Example of integrating components into a system

mpatibility model

ation, compatibility is defined as the ability of a new component to s4
bnt profile of an original compénent based on technical properties. The con
bresents a view regarding the properties by using categories. The propertie
d according to IEC 61987-(all parts).

ity profile should bérdéfined for each product type. A requirements profile s
br each role-basedyequipment according to its role.

5. He should make the capability profile available at sales release (see Figui

The pro
propertie

uct luser specifies product requirements according to the users use case
(rfequirements view).

tisfy the
ppatibility
s should

hould be

uct producerishall describe the features (capabilities) of the product (type) using

e 2).

e.g. with

A property of capability profile of a product type can be not relevant to some use cases. There
are situations where requirements cannot be mapped to the properties of the capability profile.

In a compatibility assessment, two profiles are compared. This can be:

— requirements profile versus capability profile,

The compatibility assessment should be used for the selection of a product, based on a

comparis

on of a requirements profile and a capability profile.

— two requirements profiles of different points in time,

A plant user maintaining the requirements should use the compatibility assessment to determine
gaps in compatibility and associated risks.

— two capability profiles of different points in time.
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A producer designing a new product type should use the compatibility assessment to determine
the impact of the changes by comparing two capability profiles.

The use of properties is related to application, technical, economical, and environmental
aspects as well as standards and regulation. These requirements can change over time and
require maintaining of the profiles as described above.

The following lists of properties and blocks of properties are examples and thus do not claim to
be complete.

NOTE 1 Properties can be defined in the same way as specified in [IEC 61987 (all parts).

Typica| properties and blocks of properties regarding function are the following:
~ Ld Ll Ll ~J ~J ~J

— Procqgssing functions for measuring, regulating, controlling, diagnostics, etc.;

— Functional interfaces (such as data type and format, service signature);

— Presgntation (such as structure, resolution, color depth, aspect ratio);

— Hand|ing (such as operating sequence, menu structure);

— Engineering (such as configuration, parameterization, data storage);

— Information management (such as archiving of production data);

— Comnmunication services (such as time synchronization, §ecurity-related services)
— Seculity features;

— Safety features;

— Availability features (such as redundancy mechanisms);

— Diagnostic functions.

* %%k

Typical properties and blocks of propérties regarding construction are the following:

— Installation, mounting and difmensions;
— Conngction facilities;

— Powef supply;

— Main gircuit;

— Inputfoutput circuit.

* k%

Typical propertiesand bfocks of properties Tegarding performance are the foftowing:

— Cycle time;

— Response time;

— Telegram length;

— Memory consumption;

— Redundancy switchover time.

*kk

Typical properties and blocks of properties regarding location:

— Electrical environmental conditions (such as EMC);
— Climatic environmental conditions (such as temperature, humidity);
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— Mechanical environmental conditions (such as vibration resistance);
— Protection type;
— Explosion protection.

*k*k

Typical properties and blocks of properties regarding business are the following:

— ldentification;
— Product price;
— Delivery time;

— Life-cycle status;
— Annual service cost;

— Certifjcates and standards.

*k %k

fulfillment of the requirements. In practice, qualitative considerations have predominaptly been
establishpd. A compatibility assessment shall be based on anagreed compatibility llevel with
its criterip. A compatibility profile is the list of the valuesc/of the requirement criteria. The
following|terms are used for the level of compatibility:

The leve| of compatibility (level of exchangeability, consistency or.equivalency) deEnes the

o Full cpmpatibility:

See 3.1.16.

e Funcfion compatibility:
See 3.1.17.

o Softwjare compatibility:
See 3.1.43.

o Signgl compatibility:
See 3.1.42.

e Data pompatibility:
See 3.1.9.

e Cons{ruction compatibility:
See 3.1.8;

NOTE R\ Fhe compatibility levels of the data and connection compatibility can be seen in IEC 61804-2 and in
IEC TR ©62390.

Further levels may be defined, depending on use cases. Levels may be further detailed into sub
levels.

Figure 10 illustrates the mapping of the above-mentioned compatibility requirements to a
required level of compatibility. It is evident that to fulfill certain levels of compatibility, additional
effort can be necessary. Meeting these enhanced compatibility requirements can lead to
increased demands in testing and certification, for example to ensure compliance and
interoperability of communication interfaces.
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Level of compatibility

Function
compatibility
Software
compatibility
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compatibility
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compatibility
Construction
compatibility

Properties and blocks of properties

Results of processing functions

Functional interfaces
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Engineering

Infgrmation management

Function

Cormmunication services

Sedurity features

X | X | X [ X [IX | X |X|X |Full compatibility

XX [ X[X|IX]|X|X|X
X X [ X [ X ||X]|X|X
~

Safpty features

*kk

Insfallation, mounting and dimensions

Connection facilities

Power supply

X | X X | X
X | X | X | X

Main circuit

Construction

*kk

Elegtrical environmental conditions

Climatic environmental conditions

hanical environmental conditions

Location

<

(0]
X[ X[ XX
X | X | X[ X

Protection type

Cydle time

Regdponse time

gram length

X | X | X | X

Memory consumption

Performance
—
ol

Progduct price

Del|very time

Lifg-eycle status

Annual service cost

Business

Certificates and standards X X

*kk

Figure 10 — Example of mapping of compatibility requirements
to the level of compatibility

Based on Figure 10, the level of compatibility is used to determine which specific properties
need to be considered to fulfill the requirements for a given application. Each requirement
should be specified quantitatively.

The value of each property of the requirements profile is compared with the value of the
corresponding property of the capability profile (Figure 11).
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Fulfilmenjt of every requirement of the requirements profile should be checked by ¢
rements profile with the corre§ponding capability profile (Figure 11). Each
requirements profile shall\be compared with the corresponding property
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When cophsidering\ife-cycle aspects, the plant user’s main goal is the economical
during the timesinruse of the plant. System producers are requested to meet the life-cyc
requiremgnts\.of the users. Consequently, the producers have to meet complex
challenggs\while complying with their own economic constraints. Given that the leng

neral

tegies for Life-Cycle-Management

Figure 11 — Example of a compatibility assessment of a product

bmparing

property
from the

bperation
e related
technical

th of the

life-cycles of products (producer perspective) and plants (user perspective) usually diverge,
Life-Cycle-Management strategies are needed to address the resulting, conflicting interests.

Product/system
producer
Plant user
()

Component

supplier

IEC

Figure 12 — Relationships between the partners in the value chain
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Figure 12 illustrates the fundamental roles of the partners in the value chain and their
relationships to each other. Each element of this value chain can itself represent a value chain
in the sense of the hierarchy from 4.3 (Figure 6, Figure 7). Customer-supplier relationships exist
between partners in this value chain and partners can take on multiple roles. The different roles
result in different views and tasks (see Annex E). Responsibilities regarding Life-Cycle-
Management depend on these roles.

Interface 1 in Figure 12 shows the relationship between the plant user and the producer of a
system. Individual, application-based services (usually engineering and maintenance) are
provided here. In the context of the model described in 4.1, this is where products instances
are created, configured and parameterized. Interface 1 includes responsibilities for all
components of the delivered product, including all components from component suppliers via
interface 2, for example COTS.

In contrapt, interface 2 represents the relationship between the product/system~ptroducer and
the component supplier. In the context of a value chain, system development‘always| includes
the integfation of third-party components (Figure 9). With reference to the-model degcribed in
4.1, this s where product types are developed and maintained.

Interface|3 represents the direct relationship between the plant user,and the componen{ supplier.
Because|this bypasses the support of the product/system producer_it entails risks for|the plant
user. In this case, the user partially takes over the responsibility-6f the product/system|producer
(Figure 9). As changes are not coordinated with the product/system producer, this cgn lead to
compatibjility problems. Integration tests conducted by<the product/system producer, with
resulting releases and/or handling instructions, are indispensable for ensuring compatibility.

The prodlicers and users of automation systems and components have developed methods and
strategie$ that are intended to allow them to maintain both product types (Figure 2) [and their
delivered product instances (Figure 5) withinla system generation. This is done in| order to
ensure tHeir usability over a long period of-time.

Maintenance methods have been introduced for ensuring the usability of product instpnces (in
accordance with [11], for example.inspection, (preventive) maintenance, and repair). Last-time
buy of product instances, substitution of product types, re-design, and migration are specific
strategies for preserving system usability. These strategies are often employed in conjbination.

The appl|cability of the individual strategies varies depending on the producer and plant user.

Various griteria should be considered and assessed in order to select the suitable sjrategies.

These in¢lude:

e Comgatibility
See 3.14

° Reactiomtinre:

The reaction time is the period of time between the onset of an event which reduces usability
and the time when full usability is restored by means of the selected strategy.

e Sustainability:

Sustainability describes how long usability can be ensured by means of the selected
strategy, giving an indication of how future-proof something is — taking into account the
expected remaining life time of a plant.

e Effort:

Effort describes the amount of material, personnel and financial resources required for
ensuring usability. Depending on the strategy, the amount of effort assigned to the producer
and the user varies.
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e Innovation potential:

Innovation potential describes the capability of a system to be further enhanced through the
addition of new features such as new functions and improved performance, serviceability,
and profitability.

e Risk:

Risk describes the threats and opportunities for the suitable strategy to help decision takers
to understand the total consequence of chosen strategy (technological, operational, and
economical risk) and evaluate it against remaining life time.

Annex A describes the current status of life-cycle aspects. Annex D describes an examples of
Life-Cycle Management strategies.

52 Lalst-time buy

Last-timg buy describes the purchase and storage of an abandoned component-”’The¢ storage
conditionf shall ensure compliance with the technical properties specified by.the prodlicer over
a defined period of time.

The lasttime buy strategy is used after the component’s end of praoduction (milestpne 4 as
shown in| Figure 2) and is applied by the producer for covering th€¢,demand in manyfacturing
and repalr of the system and also by the plant user for stocking ‘up*on spare parts and for plant
expansiops. Last-time buy is also used to extend the time until-another strategy is uged (such
as substifution).

®
Systemn %)

Shortfall
Component n.1 »
3A
Component n.2 —
Component n:3 -
@ Delivery release 3A. Announcement of end of sales EﬂSUHng

milestone 6

End of product
@ £t production of the system

@ Product abandonment
IEC

Figure43 — Ensuring delivery of a system through last-time buy of a compophent

In Figure 13, the shortfall between the end of production of component n.2 and the
abandonment of the system n is covered by an increased stockpiling of component n.2. The
amount of stock needs to be sufficient for the demand that arises during manufacturing and
after-sales support. Planning of stock piling of component n.2 should start at milestone 3A of
this component at the latest. In addition to complying with the storage conditions, the last-time
buy approach has to be considered from an economic point of view (committed capital, storage
costs).

For example, the abandonment of an electronic part before the end of production can be
countered by purchasing a sufficient quantity. In this case, it can be necessary to store the
parts under defined climatic conditions, for example, with a protective gas.

If the last-time buy strategy is inappropriate from a technical or economic standpoint, then
substitution or re-design strategies can be required in order to fulfill the product’s life-cycle
requirements.
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Characteristics of the last-time buy strategy are:

— compatibility:
— reaction time:
— sustainability:

— effort:

— innovation potential:
— risk:

no restrictions;
short, fastest strategy;

limited by physical properties (for example drying out of
electrolytic capacitors) and availability of know-how, depending
on the remaining expected life time of the plant;

costs for storage, capital commitment, costs of maintaining know-
how;

none, because it preserves the status quo;
typical low technological and economical risk, medium operational

5.3 Substitution

FiSK (N0 Improvement).

Substitutfon is a strategy whereby a component in the system is replacedywith a cgmpatible
successdr type in such a way that there are no repercussions on the system” The basjs for this
is a requirement specification which considers technical, economic, @nd regulatory|aspects.
Compliarjce with a compatibility profile as described in 4.4 is crucial.,This profile contains the
relevant fequirements and their value ranges for product properties, for example, as [specified

in IEC 61987.

Substitutlon always requires integration effort. Substitution with a large amount of irftegration
effort, fol example due to a technology change, is classified as a re-design of the profduct type
in the caontext of this document. Typical reasons_for substitution can be abandophment of
hardwarg components or COTS products. Innovation of the product type is not thge goal of

substitutipn.

System n

@ f;@

Shortfall

Component n.1

Componentn2' version x+1 »
Componept\.2 version x

Component n.3 »

® Delivery release

@ End of production

Ensuring
milestone 6

@ Product abandonment

of the system
IEC

Figure 14 — Ensuring delivery of a system through substitution of a component

Figure 14 shows a shortfall for the system due to the end of production of component n.2 in
version x. Substitution of a new version (x+1) for this component covers the shortfall.

For example, a change in the dimensions of a power supply can result in integration effort
because adapters need to be designed. As another example, when new software versions are
introduced, changes to the internal interfaces as a result of the new component require system

integration effort.
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The use of standardized hardware and software interfaces (external and internal) within the
system architecture allows for and simplifies substitution, thereby having a large impact on the
system integration effort.

NOTE Regardless of the un-effected compatibility of the system, in some industries there could be some restrictions

requesting

a re-certification.

Substitution is inappropriate when essential properties of the compatibility profile cannot be
fulfilled. As a result, substitution may not be justifiable for technical or economic reasons.

Characteristics of the substitution strategy are:

of the
plant;

without

have is

v version
profile, of
tion and

[ suitable

— compatibility: no restrictions;
— reaction time: longer than last-time buy, typically shorter than ré-design
(depending on the integration effort);
— sustainability: better than last-time buy, depends on the lifeicycle
successor type or the remaining expected life time of the
— effont: costs  for  substitution (ensuring integration
repercussions), avoiding last-time buy costs
— innoyation potential:  limited, as it generally preserves the status quo;
— risk: typical low technological and economical risk (what you
what you get), medium operatiopal risk (no improvement
5.4 Re-design
Re-desigh is a strategy whereby a new version of a product type is developed. The ne
typically fulfills or exceeds the product specification, and therefore the compatibility
a previolis type. This includes the activities for maintaining the required qualificg
certification.
Typical chuses for re-design for both preducers and plant users are:
— abandonment of a component:ifithe last-time buy or substitution strategies are no
solutipns;
— fulfillment of changes in. standards and legal regulations (such as RoHS, envir|

ordingnces, export laws).

Typical ¢

— optim

— impro

product.

ement of profitability (re-design to cost).

auses for re=design for producers are:

zation.of manufacturing and testing technology;

pbnmental

uccessor
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System n version (x+1)
System n version x

Component n.1

(Qomponent n.2° (new)

Component n.3

—aP>

LifgCycle
@ Delivery release extension
@ End of production

@ Product abandonment
IEC

Figure 15 — Re-design of a system due to end.of production of a component

In Figurg 15, component n.2 is replaced by the-new component n.2’. This necessitates the
developrIent of a new version for the system'n (version x+1) while taking into| account
b

compatibjility requirements. This can resultsin® extending the life-cycle of system 1| through
postponing the end of production (milestoné-4) and abandonment (milestone 6).

NOTE The¢ life-cycle of a component whichlis different to the replaced one (component n.1 in the [figure) can
determine fhe length of the life-cycle of the 'system.

For exanlple, abandonment of a _processor can lead to a re-design of the system if sufstitution
through @ new type is not suitable for technical reasons. There can be other causg¢s for re-
design, particularly due to.wildcards such as RoHS.

Characteristics of there-design strategy are:

— compatibility: restrictions are to be expected;

— reaction time: longer than substitution, typically shorter than mnjigration
(depending on the integration effort);

— sustainability: better than substitution, depends on the life-cycle of the new
system version and the remaining expected life time of the plant;

— effort: costs for development, testing, qualification, etc., including
system integration; avoidance of last-time buy costs;

— innovation potential:  exists, new version can include new functions;

— risk: typical medium technological and economical risk, more complex
solution then last time buy or substitution but with lower
operational risk.

5.5 Migration

Migration solutions are applied when the above-described strategies of last-time buy,
substitution, and re-design are not justifiable.
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Migration refers to:

— the (partial) replacement of existing components with new components with extended or
modified functionality in an existing system configuration;

— the extension of an existing system configuration through components of a new generation.
This generally includes a change of technology.

Generally, migration is necessary when the effort required to maintain and enhance the existing
system is not justifiable.

This strategy can be applied to different levels (see Figure 16).

System (x) =)  System (x+1)

[ Client| | Client | | Client | | Client |
N [ [
Data Application Migration leviel 1
Server l:> converter I:> Server
_______________ .I._____________________________.I_____________________________
l Gateway . .
Automation AutomatioQ Migration leviel 2
Controller Serv%
 [Freta bus Migration leVel 3
_______ ___________.___________________________|_______.|_____________________
kield Field Field Field . .
dpvice | * | device > device device Mlgratlon level 4

IEC

Figure 16 — Level model for migration steps

NOTE The migration levels ‘are not the functional levels defined in IEC 62264-1.

The inngvation cycles of the components of migration level 1, along with @&conomic
considerations, lead to this level generally being the starting point for migration. The|effort for
migration increases from level 1 to level 4. As a result, the frequency of migration decreases
from level ¥ tfodevel 4.

Migration should not cause significant repercussions. To limit the repercussions, it is necessary
to develop suitable adaptation solutions while considering general regulatory conditions. The
compatibility model presented in 4.3 is a means for assessing the repercussions. For migration,
the fulfillment of the functional compatibility requirements is the focus. Examples of adaptation
solutions in the respective migration levels include data converters, gateways, proxies,
virtualization of operating resources, and replacement of central I/O devices with field bus
coupled distributed devices.

Migration is most appropriate when productivity gains or cost reductions are expected, for
example from new functions, standards or technologies. Migration offers the greatest innovation
potential, but at the same time it represents the most complex strategy. The migration from
proprietary communication interfaces to open field bus systems can be seen as an example.
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Characteristics of the migration strategy are:

— compatibility: preservation and expansion of the function, function compatibility
is typically fulfilled;

— reaction time: depending on the migration level, can be considerably longer than
re-design,;

— sustainability: high level of sustainability due to the introduction of a new system;

— effort: greatest effort, costs for development, testing, qualification, etc.,

including adaptation solutions and system integration;

— innovation potential:  greatest innovation potential because the latest, most advanced
technologies can be taken into consideration;

— risk: fypical medium technological and high economical risk,
depending on the compatibility but with lower operatignal risk
seen in a life-cycle perspective.

5.6 Cgmparison of the strategies

In practige, these Life-Cycle-Management strategies are applied in various combinatipns. Life-
Cycle-Mgnagement should include a risk assessment and a definition,of measures ag early as
possible.| Generally, this is a part of the product and system plafning process. In|practice,
however,|it is not possible to avoid unplanned events. External influences, such as a cgmponent
fault or the abandonment of components, play a crucial rolehere.

With the yarious strategies, the steps to be taken should be evaluated from technical, [ime, and
economig¢ points of view and the consequences should-be considered. The following|overview
(Figure 17) is intended as a starting point and can-be used to provide orientation for [selecting
a suitable strategy or combinations thereof. Thedypical characteristics (see 5.2, 5.3,[and 5.4)
are showp in colors. The weighting of the characteristics depends on the individual cage, which
makes a [detailed analysis indispensable.

&J N [ N [ N [ N [ _ N [ Y
©
o) > c
=2 gl & 3
= cll 8| = Q || x
sllSlls|l2]l 5| 2
£ © i L E= o
o) © 2] ©
o} S >
O|lx | » o
=
£
J J J J J J
4 N [ N [ N [ N (O N [ N (O Y
. very || very
Last-time buy good| | short| | POOT || 1ow || Tow || Tow
A J O J AN J J O J O J
{ N [ N ( N\ N N [
Substitution VeV | short | [ good || high || low || low
S J \gOOd) k N\ J AN J J
( N N D N N )
Re-design good || long || good || high || high | | med.
(¥ < J VAN VAN VAN & J
. : very very very q
Migration poor || long |good] | high | high | high

Figure 17 — Typical characteristics of the Life-Cycle-Management strategies

Because the considered components and systems differ greatly, it is important that the specific
problem is reflected by the respective strategies. Often multiple strategies are applied either
sequentially or simultaneously.
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The described strategies can be applied individually or in combination at different times
throughout the time in use of a plant. It is important to plan and implement a coordinated
strategy for the system based on the individual life-cycle considerations of the components.
This has to take the plant user strategies into consideration (see productivity maintenance or
productivity optimization in Annex E).

5.7 Application of Life-Cycle-Management strategies for service
5.71 Service regarding Life-Cycle-Management

Life-Cycle-Management services are applied to product instances during the time in use (see
Figure 5). The objective of Life-Cycle-Management services is to maintain the system (instance)
throughout the time in use by ensuring that the utilized components can be maintained. Life-
Cycle-Mdnagement services can also cover the disposal ol product instance. [he|services
support the plant user in achieving his productivity and availability goals.

For Life-Cycle-Management services for components and systems, the stratégies degcribed in
Clause 5|can be applied individually or in combination.

Life-Cycle-Management services can essentially be divided into standard service and service
through qustomized special agreement.

See Annéx C for examples involving Life-Cycle_Management.

5.7.2 Bervice levels

Service may be defined on different levels. These-levels are a consistent foundation for both
standard|service and service through special agréements. Examples for service level definition
may be:
— level [I: on-site service;
— level R: service via hotline;

e leyel 2-1: service via hotliné.ina local language

e lepel 2-1: service via hotline in other language (i.e. English)

— level B: service includingidevelopment support.
5.7.3 Standard service

Standard| services{describe a degree of service without consideration of spedific user
requiremgnts. These services end when the product type is abandoned (Figure 5). Ugdate and
upgrade,| the( provision of spare parts and repair services are examples of this. [Standard
services can’ include training offers, commissioning, and remote support (such as tglephone,

hotline a Id IUIIIUtU IIIG;IItUIIGIIUG)-

5.7.4 Service through special agreement

Service through special agreement refers to instances and may be available after product
abandonment. They are based on individual service agreements (contracts) between the
service provider and plant user in order to support the user’s strategy for plant operation. These
agreements differ from standard services in terms of the scope of services offered or the
respective period of time. Technical feasibility and economic viability can limit the application
of this service.

Special agreements can ensure the preservation of the status quo of the installed system
(instance) for example by means of extended ability to deliver spare parts or software support
that continues beyond the end of service for the type.
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6 Life-Cycle-Management

6.1 Proactive Life-Cycle-Management

Clause 4 has identified that comprehensive Life-Cycle-Management begins as early as the
planning phase of a system and includes thorough consideration of the requirements. In
essence, this involves the active management of the life time of a plant including its components.
This calls for proactive Life-Cycle-Management [12] that — according to IEC 62402 — begins
already in the phase of the product development and supports the lowest possible effort for
migration and re-use of configuration data in the event of a technology change. For this purpose,
a Life-Cycle-Management mindset should already be present when a system is being developed,
because foreseeable influences such as technology changes or changing regulatory
requirements should already be taken into consideration during this early phase [13]. A robust
design should include the consideration of life-cycles of the system’s components-ir| order to
prevent gituations as shown in Figure 8 for component n.2 and n.3. This approdach-lltimately
leads to pn expanded quality concept because comprehensive planning also means|planning
ahead for the sustainability of the products and components and continuously anticipating
replacement and re-use solutions. Thereby, interoperability and comgpatibility afe better
anchored in the long-term development strategy. For example, a system design lased on
standard|zed product profiles with pre-defined compatibility levels “(see IEC 61804-2 and
IEC TR 62390) reduces long-term system maintenance efforts/This has fartreaching
consequegnces for the structural and technical system and productdésign. To ensure fong-term
sustainalyility, the diversity of system components should be(minimized in favor off platform
strategies. In addition, the complexity can be limited by créating modular solutions pased on
stable and standardized interfaces. Consistent development/documentation of the product type
based on standardized processes and regulations is indispensable for achieving this.

Annex B [describes requirements, influencing factors, industry-specifics.

Proactivg Life-Cycle-Management also means the sustainable optimization of| a plant
througholit its time in use. Measures for ensuring the sustainability of Life-Cycle-Management
can only|be based on intensive cooperation between plant users and producers. |Thereby,
analysis pf the following factors is necessary:

— the Iit time of the plant and thg life time of the products that the plant manufactules,
— theli

— the slpplier selection_based on life-cycle relevant criteria, such as financial| stability,
availgbility of second-source, or ability to deliver,

time of the systemicomponents (for example based on probability of failur

~

— the dg¢livery termis’and conditions for products and services, including those for soffware [9].

Proactivg Life<€ycle-Management contributes substantially to minimizing the costs, which
makes thjis aspect an essential part of TCO considerations (Clause B.1).

Proactive Life-Cycle-Management results in changes to the evaluation criteria for decision-
making processes and new opportunities for partnership-based relationships between users
and producers. Proactive Life-Cycle-Management of components and systems enables the
development of suitable strategies for a plant's time in use. An optimized, plant-specific strategy
is created by combining the goals of the user and the capabilities of the producer regarding the
products that are employed and their life-cycle specific characteristics. The strategies described
in Clause 5 form the basis for this work.

This approach leads increasingly to strategic partnerships within the industries. This can result
in the introduction of new business models in which producers of instrumentation and control
systems assume the responsibility for the availability of the user’s production processes. In
addition to the different cost schedules, criteria for task allocation within the partnerships
specifically includes the tolerable reaction time, the available personnel resources, and, above
all, the specific know-how.
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Proactive Life-Cycle-Management also leads to requirements related to standardization. Only
in this way can requirements regarding compatible innovation be fulfilled from the outset with
low effort. This requires open, vendor-independent conventions for creating products and
processes which can only be defined in standardization committees.

In addition to standardization of technical content, it is necessary to develop uniform and
accepted methods for the holistic consideration, assessment, and calculation of TCO.

NOTE Examples of approaches for this can be found in [13] and [14].This would allow evaluation and comparison
of different strategies with regard to economic aspects.

6.2

Life-Cycle-Excellence

The congtustons based oM the different Mdustry TequiTements (See ctause B-5),the generic

Life-Cyclg-Model (see 4.2), and the presented strategies for Life-Cycle-Managenjent (see
Clause 5) show that Life-Cycle-Management in industrial-process measuremehnt;‘control and
automatipn is highly complex and requires holistic consideration. This includes application-,
technicalf, time-, and economic-aspects, as well as the use of the models defingd in this
standard|(see Clause 4), compatibility assessments (see 4.4), and the anticipation of Wildcards.

NOTE The reliability of the properties stated in the profiles (see 4.4) is an important prerequisite for|Life-Cycle-

Excellence

It also bpcame clear that successful Life-Cycle-Management-has a great influence on the
competitiveness of products, systems, services and consequently the respective company.

In this cpntext, four fundamental requirements regarding the robustness of the Life-Cycle-

Managerl:ent of components, products, and systems ‘can be identified.

Tech

To allow compatible system enhancement and substitution of components for a particular
systen generation, specific technologies shall be selected, and rules shall be d¢fined for
the system development. This calls\for proactive measures, particularly the antic|pation of
changes due to technical innovations, standards and regulations. It also includes the
modularization of systems (see4.3), the definition of open interfaces with long-terny stability,
and the definition of compatibility profiles for components (see 4.4). Technical rgbustness
can oply be achieved if the differing lengths of the life-cycles of the various componjent types
(Figure 15) are considered. Technical robustness also includes support for chapging the
system generation with suitable migration solutions (see 5.5).

ical robustness:

Appli¢ation robusthess:

Appli¢ation robustness describes the capability of a system to adapt to changes felated to
the operation of the plant. For example, this includes product changes (batch), changes in
production-quantities, changes to input materials, and changes to production progesses or
revisibnrfimes. Also included are changes, which increase the degree of efficiency or
availability, and changes due to standards, and industry-specific stipulations.

Economic robustness:

Economic robustness describes the capability of a system to adapt to changes in the
economic goals and constraints of the plant operation during the time in use. This includes
external influences such as altered economic conditions, market fluctuations,
competitiveness, general legislative conditions, and changed business strategies and
decisions. These goals and constraints can lead to changes in the planned time in use of
the plant, the plant operating models and, consequently, to changes in the criteria for
selecting Life-Cycle-Management strategies.
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e Ecological robustness:

Ecological robustness describes the capability of a system to adapt to changes in the
ecological goals and constraints of the plant operation during the time in use. This includes
external influences such as altered ecological conditions, environmental regulations and
standards, and changed business strategies and decisions regarding environmental and
sustainability aspects. This can lead to changes in the criteria for selecting Life-Cycle-
Management strategies.

Optimal profitability is always the highest priority when selecting suitable strategies.
Strengthening of requirements on security, safety and environment protection is expected over
time. Thus, these requirements will drive Life-Cycle-Management, especially during operational
phase.

Life-Cyclg-Excellence is the term for managing the influencing factors for the robustnelss of the
Life-Cycle-Management of components, components and systems by meansi”of holistic
consideration (see Figure 18). Life-Cycle-Excellence is based on standards and the|common
models described in this document.
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Figure 18 — Life-Cycle-Excellence

In the conptext of robustness, the dimension of time includes the life-cycle of types (components,
products] and systems) and the life time of their instances. Life-Cycle-Excellence is a¢hieved if
the prodyct Life=Cycle-Management satisfies these demands throughout the entire tilme range
— sustainpbly. Life-Cycle-Excellence can only be achieved by means of cooperative, continuous,
and proattive Life-Cycle-Management.
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Annex A
(informative)

The current status of life-cycle aspects

Modern production facilities and installations are structured and subdivided into different
functional areas. These functional areas are assigned to instrumentation and control equipment
that consist of a multitude of individual components which form a distributed system. As shown
in Figure A.1, the components are assigned to different functional levels. Each of these
components and its elements (microprocessor, capacitors, firmware, etc.) is defined by specific
characteristics of its life-cycle. Awareness and mastery of the life-cycles of the individual
components and their interactions throughout the life time of the plant — Life-Cycle-Management
— represdnis the fundamental precondition for maintaining the economical operation_oflthe plant
througholt the planned time in use.

Intg¢rnet
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system system system
@ =
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K .é; 7 ()
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Sensor-actuator bus
Binary I/O ‘
modules HmI 3 Actuator ‘
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Figure A.1 — Typical structure of an instrumentation and control system
with functional levels according to IEC 62264-1

The following example illustrates the influence of component life-cycles (see also Annex C) on
economically maintaining operations (Figure A.2):
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Figure A.2 — Example of the effects of component failure
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This exajwple illustrates the complexity of maintaining plant functionalities, and how

situation Tsdiscussedby Hauffamd-Weiget{121:

One of the reasons that maintaining plant and system functions is so complex is the fact that
over the life time of a plant, the innovation cycles and the related life-cycle of components vary
considerably (Figure A.3). The life time of the plant itself and the associated, specific
requirements (such as the planning of maintenance cycles) are highly dependent on the
respective industry — the time in use of a process plant, for example, is between 15 years and
40 years, while a production line in automobile manufacturing is usually changed to meet new
requirements of the production of a new model.
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Figure A.3 - Life-cycles of plants and their components

rators in particular do not evaluate the cost efficiency of theirinvestments sol

on the p
costs of

aintaining plant operation across the entire life timec(Life-Cycle-Costs). In

bly based

ocurement costs (planning and setting up), but increasingly they also consider the

this way,

the overgll costs and the total benefits of a project can be €valuated in a transparent manner
by including all of the follow up costs. As various studies. J19] have shown, the cos}s for the
operatior] of a system may exceed the procurement costs. (initial investment) many times over.
This is ddie to the long time in use of plants where costs of operation and maintenancg reoccur

periodic
toas TC
visible (s

D [20] — assume the character of an iceberg, whereby the total volume is n
e Figure A.4).
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Figure A.4 — The iceberg effect

Ily. Therefore, the total costs calculated agross the life time of the plant — als¢ referred

pt readily

At first glance, only the purchase costs are visible (the "price tag"), while the follow-up costs
that are implicit in this investment usually remain concealed or tend to be overlooked [21].

In summary — due to the speed-up of the innovation rate — Life-Cycle-Management is a
significant topic in automation — especially in the discussions between end users and
manufacturers as well as between manufacturers and suppliers. The interaction between global,
legal and technical aspects — including demands for high functionality and efficiency, as well as
the influence of IT technologies in automation — helps to demonstrate the scope of this topic.
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Annex B
(informative)

Requirements, influencing factors, industry-specifics

B.1 General requirements

Driven by innovation in electronics and software technology, the functionality of automation
components is continually increasing. The breadth of the functionality of components is a key
sales argument. This breadth is a result of meeting customer demands for flexibility, open
systems, extensive application areas, high availability and deliverability of components, with
ever decl T . Tme, | i m order to
offer theif customers new functions, but also to improve applications, handling, operalility and
costs. Ag a result, the complexity of the system increases considerably due\ to” the added
complexity of the integrated components.

The incrgasing speed of innovation in hardware and software continususly shorteng the life-
cycle of gomponents — however the life-cycle of systems cannot be shortened in a comparable
manner gs it relates to the life time of the plant.

Not only|do the life-cycles of components and systems differ) but they are also vjewpoint-
specific. [This is due to the perspectives of the different rel€s which work closely together for
the planrfing, set-up and operation of a plant. For exampleyfor the use of a new vergion of an
engineer|ng system, the producer ensures that the new version can also be used| with the
installed |device versions, or they may have to develop and deliver upgrades. To|maintain
compatibjility, not only could hardware and softwaté changes be necessary, but servjces, and
possibly also contractual issues, should be takenrinto account.

Customefs, suppliers and producers are partners within a value chain. Normally, this fesults in
different viewpoints such as that of the“supplier or the customer. The producer of & product
generallyl integrates components which have individual life-cycles. When the producef sources
these components from a sub-supplier, the producer assumes the role of a customer.

It is important to note that thése suppliers and their products are less and less geared towards
the automation requirements. As a result of worldwide rationalization and market [changes,
producerp of basic components, such as semiconductors and operating systems, are[merging.
These merges lead to\consolidated product portfolios — which often results in les$ product
specialization.

The impgrtance. of life-cycle aspects is increasing continuously for all industrial gpods and
systems with Jong life times. This is due to the growing complexity of components and systems
as well asthe—risirg-applicationof-genericcomponents—forexampleCOTSthatareimade for
the consumer goods industry. However, compared with the consumer goods industry, the
demand emanating from the automation industry is so low that the respective requirements are
hardly given consideration. Industries such as home entertainment or mobile communication —
with considerably shorter product life-cycles — generally optimize their products with the goals
of low cost and new functionality, rather than compatibility and long-term service. This has a
major impact on the deliverability of components and spare parts. Due to the low demand from
the automation market, prolongation of production only for this industry is not profitable for the
major semiconductor manufacturers.
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In addition to requirements which result from the long time in use of components, automation-
specific application requirements include real-time behavior, functional reliability, safety and
defined interfaces. Many diverse standardization activities address these requirements. This is
a continuous process and an important precondition for ensuring the interoperability of
components and systems over the long term. To an increasing extent, the harmonization efforts
are influenced by standards and specifications which come from outside of the automation area.
The widespread integration of IT technologies in many automation areas leads to openness,
flexibility, and increased functionality of the components. This integration results in reduced
costs and accelerated innovation; however it is also accompanied by a lack of continuity from
the viewpoint of the life-cycle of automation components and systems. Automation users,
producers and suppliers demand long-term usability for IT technologies, or at the least a
transparent migration strategy in order to ensure usability over the life time of the plant. This
becomes even more critical when there is a dependency on a certain technology.

The life-¢ycle in automation is additionally affected by legislation and normatiyvé cohstraints.
The confinued sale of products, and the development and production of new-’prqducts, is
affected py software usage rights, open source license conditions, the intefnationallzation of
standardg, national legislation and international directives such as RoHS (Restfiction of
Hazardods Substances) [17]. These demands can considerably affect strategies for maintaining
long-term usability.

All of the|influencing variables described so far impact the econemic efficiency of a plant. Life-
cycle reldted evaluation methods aim to collect and analyze the ‘entire cost related to aytomation
equipment that arise across the whole life time of a plant from‘lanning to construction,|erection,
operatiorls and finally dismantling (TCO). With the help ©f such cost evaluations, it is| possible
to analyge the relationship between procurement cost (initial investment) and the|resulting
follow-up|cost (Life-Cycle-Costs). Decisions made in‘the planning phase, for example, [can incur
effects much later during the system’s time in use.@his is precisely why the Life-Cyclg¢-Costing
(LCC) me¢thod was developed. In addition to transparently presenting the distributior] of costs
over timg, the method also helps to identify-gpportunities for optimizing economic dfficiency.
The aim [of Life-Cycle-Costing is to determine what proportion of the total costs is|incurred
during the time in use, in order to minimize TCO. This forms the basis for optimizing th¢ balance
between |the initial investment and .operating and maintenance costs by selecting the most
approprigte products. The commghly used term for this balancing of costs is [trade-off
(see Figdre B.1) [13].

Traditional

Copts cost distribution

Operating and —

Maintenance costs Dismantling Costs TRADE-OFF i .

-
c
]
£
[
2
3
o
<]
2

o

Figure B.1 — Trade-off between procurement costs (initial investments)
and costs for operating and maintenance
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In this context, the traditional production and sales cycles of individual components become
less important, while the overall life-cycle of the investment becomes the main focus.
Consequently, and in contrast to conventional cost analysis, with the Life-Cycle-Costing
approach, the decision-making process for the initial investment takes into account the long-
term impact on the TCO of performance capability, future usability and Life-Cycle-Costs.
Because of the long-time horizon, this approach reveals hidden cost drivers, but also potential
benefits throughout the entire life-cycle. Thanks to the identification of cost drivers, it becomes
possible to make target-oriented analyses of the processes and to improve economic efficiency
through optimization and redistribution of services among the value chain partners.

B.2 Consideration of industry-specific requirements

differ dug to the planned time in use of a plant — where the period of time extends frpm a few
years in automobile manufacturing to several decades in the areas of energy apd.rail fransport.
Other redquirements which arise during the course of operations also diverge.dn order fo identify
industry-specific requirements that are relevant for the life-cycles, the following industries have
been anglysed:

The indu{try-specmc requirements related to Life-Cycle-Management of automation |solutions

— chemijcal industry;

— enerdgy industry;

- autontobile rail transport;

— manufacturing;

— machjne tool manufacturing.

General gharacteristics of the individual industrie§’are described along with the derjved Life-
Cycle-Mdnagement requirements. Each analysisiis completed with the expected indusjry trends.
Table B.{ and

Table B.4 show an overview of the requiréments which were derived from these analysgs. Time-
related, technical and service requirements are presented for each industry.

One charjacteristic used to differentiate the industries is time. This includes the life tilne of the
plant from the conclusion_‘of ‘commissioning to dismantling, the time between|possible
productidn line changes (to produce a different product), as well as the cycles for modgrnization
and revislions of the plant,

The tecHnical requirements include compatibility (see 4.4) of function-, construcfion- and
location-felated\properties. The following aspects are analyzed in the categorie$ for the
industries addressed:

—  functionzrelated prnpnrfine'

monitoring and operating, controlling, information management, interfaces, data types and
data formats;

— construction-related properties:

mechanical and electrical,
— location-related properties:

setting and environment.
The analysis is performed with a focus on the relevance of the properties to the product and
system life-cycles. The compatibility of data types and formats, for example, is essential for
migration and protecting investments. Further requirement clusters include the carrying out of

and the maintenance of documentation, qualification, certification and approvals for products
and plants.
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In addition to the technical and time-related requirements, service requirements also influence
Life-Cycle-Management. These include maintenance (for example repairs in the case of defects,
including delivery of spare parts if necessary), as well as troubleshooting and the correction of
faults. Service requirements also include update services for error correction and upgrade
services for upgrading to newer versions with improved or extended functionality.

The requirements of the energy industry have been selected as an example to illustrate the
analysis method.
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B.3 Requirements of the energy industry

B.3.1 General industry characteristics

The energy industry is usually subdivided into the industries of power generation, energy
transport and energy distribution. Clause B.3 describes power generation demands which are
typical for all sectors in the energy industry.

Power generation utilizes different sources of primary energy such as fossil fuels (coal, gas and
oil), nuclear energy, wind, solar energy (e.g. photovoltaic), hydro energy and geothermal energy.
Depending on which primary energy source is used and the respective process for energy
conversi i i ici ilizati ple base
or peak Ipad), and the geographic distribution. Today, most of the power productiomworldwide
is genergted by centralized, large scale plants using fossil fuels with up to 1 000 MW per power
station unit, and nuclear power plants with an output of up to 1 600 MW per unit;“Wirl[d energy
plants tepd to be more modular and decentralized, frequently in the form of wind parks. At the
time of ppblication, the maximum output per wind energy generator is 6 MW

Power ggneration plants are characterized by typical shared properties:

— low pfoduct diversity:

as opjposed to many other process industries, there are very limited number of products,
i.e. electricity and process heat (steam) and there arefno product changes;

— contiguous, non-interruptible processes:

as a matter of principle, the processes are continuous and are operated over a [period of
many| months without being interrupted. Cons&quently, control system changes ghould be
made|{ while the system is running without any repercussions to the process;

— complex functionality:

the spib-processes of a power station are physically closely related to each other, which
means that an event in one sub-process will quickly affect other functional areas of the plant.
This gomplexity and the demand for high efficiency call for specific instrumentation and
contr¢l solutions;

— high gynamic demands:

functipnal areas of the’ plant, such as turbine control, make extremely high|dynamic
demalnds on instrumentation and control systems;

— high data volumes:

in comparison-with other production processes, power stations are characterized by very
high datacvolumes. The process control system should be able to process this information
in redl-time and compress, archive and present all the relevant data for the operatpr in both
grap

— highest demand for availability:

teand tahilar fornn-
FCorrC—toooraT—ToT T

production downtimes in large power stations result in very high financial losses within a
very short period of time. Consequently, the most stringent demands are made on
instrumentation and control systems, and many components therefore have a redundant
(back-up) design;

— very high safety requirements:

for protection of people, machinery and the environment, power generation should comply
with standards and laws stipulating very high requirements. In plants which use fossil fuels,
boiler protection is particularly relevant. In nuclear power plants, specific redundant
architectures are employed which use diverse technologies. The approval procedures for
instrumentation and control systems require highly intensive effort for both the construction
and for changes during the life time of the plant;
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revisions at large time intervals:

in order to minimize financial losses due to production downtimes, plant revisions are
planned and conducted at large time intervals, with the goal of the shortest possible
downtime. All of the revision activities which cannot be performed when the system is
running are planned to be implemented during plant revisions;

very long time in use of the plant:

typically, power plants are in use for several decades, whereby periods of 40 years and
more are not uncommon.

B.3.2 Life-cycle related requirements

These industry characteristics result in high demands made on the Life-Cycle-Management of

instrumeftation and control systems.

Timedqrelated requirements

In ordler to be able to operate a power plant across several decades (in-a cost-efficient
mannker, plant users have very high expectations regarding the manufacturer’s |ability to
deliver products and services.

Technical requirements

High compatibility requirements should be met when making changes in the instrurhentation
and c¢ontrol systems, such as in the case of replacingy,~a defective produgt. These
requitements are made up of function-, construction- an@-location-related properties. Plant
users| expect producers to be able to provide original products, substitutes or migration
solutipns during the entire life time of the plant. Due«ofincreasingly shorter innovatipn cycles
for hgrdware and software components, manufagturers are confronted with rising ftechnical
and economic challenges.

Servige requirements

In order to support power station usersgduring the life time of the plant, produgers offer
standjard services. Depending on the life-cycle phase of the process control systgm, these
offerings consist of a graded portfelio of services. These services range from spare parts
stockpiling, to upgrades to newerlsystem versions and all the way through to the migration
to a new process control system:which partially reuses components and data.

In additign to these high LifesCycle-Management requirements for instrumentation and control
systems |in conventional power stations, the utilization of products in nuclear powgr plants

should mieet additional e¢onditions:

Freeze of productiversions and revisions

The gpproval.process for instrumentation and control systems in nuclear power|plants is
very ¢ompiex and extensive. The products that are certified for these applications cannot
be madified, i.e. it is not permissible to make changes to hardware, firmware and poftware.

Approvatprocess and maitaiming certifications

In order to enable the approval of products for application in nuclear power plants, standards
and regulations covering the entire development and production process should be adhered
to. If product changes (type) are unavoidable during the life-cycle, for example when
components are no longer available, complex and extensive approval measures for
maintaining the certification to also include the new version or the new revision will be
necessary.

B.3.3 Industry-specific economic aspects

The requirements of the energy industry as described above make high Life-Cycle-Management
demands — for plant users and producers alike. These demands require substantial cost and
effort that should be dedicated to plant-specific strategies and cost efficiency calculations. Of
particular importance are:
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very high initial investments in instrumentation and control systems for planning, approvals,
procurement, erection, commissioning and acceptance. Consequently, plant users require
producers to offer efficient and sustainable long-term strategies and support during the life
time of the plant in order to protect their investment;

due to the long time in use of plants which can span several decades, considerable costs
will arise for modifications and optimizations of production processes and therefore also for
instrumentation and control systems. Particularly important are expenditures which arise
from changes to regulations and statutory requirements (such as environmental-related CO:
policies, safety standards) as well as the optimization of plant efficiency and availability;

an additional substantial cost factor for plant operation includes the preventative and
corrective maintenance costs for ensuring proper functionality of the system (for example
repair costs, spare parts). In view of the long time in use of the plant, significant costs are
also jmcurred—for plUVibiUlI amdTamterance—ofthe illfldbtlubtulc, documemntatig n, repair
knowthow, and the supply and warehousing of compatible, qualified components_gnd spare
parts] The negative aspect for the producer is that these costs increase during‘the product
(type] life-cycle while the turnover for selling the product (instance) declines;

anothler result of the extensive time in use — but also for fulfilling statdtory requirements —
is thg obligation to provide qualified personnel. Training costs that)accumulate|over the
years), as well as costs for maintaining personnel qualifications, represent a significant factor
in the] calculation of economic efficiency.

With regard to calculations of economic efficiency, it should be kept in mind that many of the
Life-Cycle-Costs show a non-linear increase over the time in use of the plant. This i true for

both plant users and producers.

B.3.4 Anticipated industry trends

From roadmaps for the energy industry, the follewing trends can be derived:

greater diversification of the primary energy sources utilized;

incregse in the share of regenerative~power generation within the energy mix;
increasing number of smaller power generating plants with decentralized distribution;
virtual power station configurations which integrate power plants of different types and sizes;
intellipent networks with new topologies (smart grids) and controllable load;
more |complex energy management systems.

In view @f these trends; it can be deduced that new products will emerge and that product
diversity will increase-"Within the context of decentralization, favorably priced, short lived COTS
will find [increasing use. As a result, Life-Cycle-Management for automation systems and

products|will have to adapt to meet these new demands.

B.4 Industry-neutral aspects

B.4.1 Overview

In addition to the industry-specific requirements described above, a number of additional,
influencing aspects need to be considered. Technical, economic or legal influences continually
emerge and are usually not foreseeable.
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B.4.2 Examples of external technical influences

Standard technologies from the consumer and office area have been adopted for use in
automation. Examples include Ethernet as a basic system communication, Internet or wireless
technologies for data transmission and USB interfaces for exchanging data. In addition,
manufacturers of automation products are forced to respond to new programming languages,
operating systems or Internet technologies. In some cases, security solutions, such as virus
scanners or automatic updates, may even require the upgrading of software components.
Examples show that, although the manufacturers use these technologies, they have little
influence on their development as their share of the market is comparatively small. As
technologies such as new operating systems have not been developed with automation
applications in mind, there is almost no opportunity to influence further developments.

B.4.3 Examples of the influence of standardization and legislation

To meet Jegal requirements and to ensure quality and compatibility, norms and\standards are
adopted to define product features. In particular, the European guidelines and”theif national
implementation, as well as international and national regulations play an(Umportant|role. For
example,| the RoHS guideline called for a ban on products containing lead substandes which
led to the introduction of lead-free soldering processes and the ‘Use of new e¢lectronic
components. As a result, products had to be partially adapted (re-design) or taken off the market
entirely gs previously used components, such as integrated circuits’ and processors| were no
longer aVailable.

When norms and standards change as a result of technolegical developments, prodlicers are
forced to|adapt their automation products and their camponents accordingly. It is important to
note that|a particular automation product is usually nepaffected by just one standard. |n fact, in
most casles, country-, industry- and application-specific norms and regulations are a’LppIicabIe
when launching a product in different markets. ‘Additional industry- and/or application-specific
regulatiops define special application requirements, for example in the food industry of in areas
with explpsion risks. All of these norms anddregulations may be changed due to new country-
specific legislation or new industry-specific requirements and may therefore requir¢ product
modificafjons.

De facto [standards are industrial standards that apply to products, in addition to the generally
valid norms and standards. These standards are defined by companies or organizations. As
these de| facto standards_are" widely applied and help to ensure low cost levels, |they are
accepted worldwide. Examples include standard operating systems, interface definifions and
electroni¢ components derived from de facto standards (special processors, controllerg, ASICs).
Companies that defife de facto standards solely by way of their market position maly change
the de fagto standard without coordination with other parties and within a short period of time.
In this cgse, thé.ehanges have a direct and strong impact on the Life-Cycle-Management of
automatipn products. For example, new operating systems, changes to processor dgsigns, or
a new ABIE€ may mean that compatibility requirements are no longer fulfilled. Users of the
respecti ; ituations
through appropriate Life-Cycle-Management strategies, such as stock-piling spare parts. Such
changes can also impact certification or the approval to operate the plant.

B.4.4 Examples of socio-economic influences

In addition to technological and legislative influences, socio-economic aspects are also
significant. In connection with current environmental discussions, the demand for energy
efficient products and manufacturing processes is growing. This has a direct impact on the use
of the technologies deployed, as well as on products and components. Similar effects result
from the tightening of emission limits, which directly impacts the materials and substances used,
as well as production and disposal processes. These socio-economic influences are not always
the results of legislation but are initiated and advanced by public discussion and related trends.
In order to maintain their market position, producers are forced to respond and to adapt
products and production processes accordingly.
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Globalization of competition leads to globalization of manufacturing. The key drivers for this
include the demand for increased local content, the flexible response to currency fluctuations,
and the reduction of logistics costs (for example transportation and import duties). In addition,
the process of economic consolidation and economic crises can lead to far reaching changes
in the area of supply. Company mergers, for example, usually result in a revision and reduction
of the product portfolio. In many cases, the required components may become unavailable
within a very short time.

Globalization is associated with the decentralization of development and the associated
processes. This is possible due to the increasing know-how in the emerging markets and is
driven by the need to reduce development costs.

These examples

= , , - 2nces—a usually
foreseeaple. This results in risks as planning for these influences is problematic.

B.5 Summary

The requjrements of the industries analyzed (chemicals, energy, rail transport, automptive and
machine fool) together with the industry-neutral aspects illustrate the complexities facjng users
and producers. An initial impression of the specific characteristics’and external inflyences of
the respgctive industries can be derived from the general exaniination of each indusf{ry based
on the general industry characteristics, the derived life-cycle-related requirements| and the
anticipat¢d industry trends. On closer examination, and~in the course of discussfons with
experts, |t becomes evident that there are no great diffetences in the way industries gpproach
this topi¢ — describing the requirements throughout.the life-cycle. This is also i|lustrated
in Table B.1 and

Table B.2, in which the Life-Cycle-Managementrequirements are structured and the specific
industry tequirements are described. The outcome is a cross-industry presentation of|the time-
related, technical and service requirements.

Although| there are similarities, differences can be seen in the value-range for g specific
requiremgnt between industries (for:example time in use of a plant can be between 5 years and
50 years). The different industries”also use varying terminology (for example batch pfrocesses
and continuous processes).Finally, the plant users and producers have different expgectations
regarding the required and)described properties of components and systems. With fegard to
life-cyclep, there are Ssignificant variances in the requirements which could be| partially
contradigtory.

The timelin use af-the plant is the most important aspect, and it can be segmented intp periods
of time ffom (6 years to 10 years, 10 years to 20 years and 20 years to 50 years. Afconcrete
evaluationef time-related requirements involves the examination of additional criterial, such as
planned 'downtimes—tiat—are—derived—from—the type of |||a||ufabtwi||g Process (uu 1tinuous,
discontinuous), product changes and revision cycles. This analysis of time-related criteria leads
to segmentation of the time in use of the plant. This segmentation influences the application of
Life-Cycle-Management strategies during the time in use, such as re-design and migration
(Clause 5). This is a key precondition for planning machine or plant (or associated component)
changes with minimal impact on availability. The longer the intervals between the planned
downtimes, the higher the demands on Life-Cycle-Management, the systems and components
deployed. This necessitates changes or updates during run time.

Additional requirements arise due to the need for qualification, certification and approval. The
range of these requirements extends from component-related requirements (for example
producer's declaration according to CE marking) to requirements affecting the system as a
whole (for example nuclear power plant). In the first case, the producer would be able to declare
each revision status of its products with relatively little effort and expense. By contrast, in the
second case a complex, expensive and time-consuming qualification process for maintaining
the certification should be followed. This is relevant not only to the energy industry but also to
many systems in the chemicals/pharmaceutical and rail transport industries.
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Across all industries, compatibility, as described in detail in 4.4 is of exceptional significance.
The need to maintain the availability of machines and plants during their time in use with the
least possible effort and expense leads to compatibility requirements. The exchange of a
component should not result in the loss of system functions.

In addition to the requirements of individual industries, there are influencing variables that
impact the life-cycle such as innovation, which leads to technology change, and wildcards.
These are only indirectly represented in Table B.1 and

Table B.2, but they have a major impact on Life-Cycle-Management. Wildcards are unexpected
events such as standardization, legislation, leaps in technology or socio-economic influences.
By contrast, the continuous innovation of a technology is a process which can largely be

p|anned for_Both Qcpor\fe may lead to restrictions in the use of r\nmpnnnnfc or-systems and

may call for suitable Life-Cycle-Management strategies (Clause 5).

Figure B2 describes the range of the requirements and influencing variables.for'the industries
examined. The inside green line and the outside red line reflect the minimiim and fmaximum
requiremgnts respectively. The closer the requirements and external-influences afe to the
maximunp line, the more difficult they are to manage.

Time in use of plant

Technology change 20-50 years

frequent

Revision cycle

5 years

100% 20-50 years Qualification/

Certification/
Compatibility Approval

IEC
Figure B.2 & Typical ranges of variables which influence the life-cycle

Producens and plant users have different points of view regarding the described reqyirements
and influgncing\wariables. From the viewpoint of the plant user, the relevant requirenmjents and
influencing<{variables are the ones that keep the risks and costs of plants low over the entire
time in us is | ievi i

Consequently, the objectives of the plant user are the replacement of components without side-
effects, and the efficient expansion and optimization of machinery and plants throughout the
entire time in use. Additionally, cost savings are expected through introducing new technology.

Essentially, the task of producers is to meet the requirements of plant users while ensuring that
products remain compatible despite their continued development. As can be seen from the
industry trends, producers need to continuously innovate their product portfolio in order to meet
the future demands of the markets and their customers.

Therefore, from the viewpoint of the producer, the relevant requirements and influencing
variables are innovations through new technologies, competitive strength, and economic
efficiency.
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The relevance of Life-Cycle-Management depends on the producer’s business model (product,
system or plant supplier), the business area and the portfolio lines. Producers are increasingly
required to be globally active. This results in additional complexity for Life-Cycle-Management.
Demands for "local content" result in regional sourcing of components and require a consistent
strategy for ensuring compatibility throughout the life-cycle.

Investments in automation should always take optimal economic efficiency into account. In the
various industries, analyzing the total costs of the plant over time (TCO) is becoming
increasingly more common. In addition to considering the initial investment costs, this approach
also includes follow-up costs (i.e. future operating, maintenance and dismantling costs) of the
investment over a defined period of time. This approach removes the boundaries between the
individual phases in favor of a comprehensive, holistic view. As a result, the decision is made
to select the alternative which offers the lowest total costs over time, including the planning,
construcilion, set up, operation and dismantling.

The TCQ paradigm leads to changes in decision making criteria and thé|prodlicer-user
relationship. The goal of TCO is to give complete cost transparency, since-the followftup costs
of varioup investment alternatives and/or service packages are included.CFhis approdch offers
the poterntial for optimizing costs through the cooperation of all participants.
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Annex C
(informative)

Life-cycle considerations for selected examples

C.1  Component life-cycles

The range of requirements for Life-Cycle-Management will be explained using several examples.

Components
Connector —@—
ASIC —@—
Operating systems (OS) = @ | D
Standard OS_WS | @q/

Standard OS_UX f C
Standard OS_LX b -

Proprietary OS }—feg/—»

Microprocessor = @ =
[T 1T T 1 | |

12345 10 20 years
Life-cycle length

IEC
Figure C.1 — Examples of component life-cycles

The lengths of life-cycles for component types differ significantly between compqgnents of
different classes (for example, connectors versus ASIC) as well as between representatives of
a given klass (such as operating systems from different vendors). This fact is $hown in
Figure C|1 by the length of the bar. The weighted center is shown by the red point.

These differing life-cycles should be taken into consideration during the development of a
product, seen as a,system made up of components. In order to ensure that a produgt type is
deliverable throughout the planned life-cycle, suitable Life-Cycle-Management strategies have
to be applied (see-Clause 5).

C.2 Microprocessors

An outstanding example of a component with an application focus in the consumer area is the
microprocessor. Originally employed in microcomputers, the application of microprocessors
spread extremely rapidly due to usage in PCs. The large increase in microprocessor quantities
resulted in a downward price spiral. Thanks to the large quantities and the extensive range of
applications, the maturation process was and will continue to be considerably accelerated. The
favorable price levels, the standardization effect, and the accelerated maturation process led
to increased utilization in industry.
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