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INTERNATIONAL ELECTROTECHNICAL COMMISSION

BATCH CONTROL -

Part 3: General and site recipe models
and representation

FOREWORD

1) The |International Electrotechnical Commission (IEC) is a worldwide organization for stap ization comptising all
natignal electrotechnical committees (IEC National Committees). The object of IEC is,tp promote internatipnal co-
operpation on all questions concerning standardization in the electrical and electronic\fields, i and in
addifion to other activities, IEC publishes International Standards, Technical Specifi eports,
Publjicly Available Specifications (PAS) and Guides (hereafter referred to as “IEPublicati aration
is eptrusted to technical committees; any IEC National Committee inter i ith may
participate in this preparatory work. International, governmental and non-goveramgntak.organizations liaiging with
the [I[EC also participate in this preparation. IEC collaborates closely Wi i Organizgtion for
Standardization (ISO) in accordance with conditions determined by agreemeni\between‘the\two organizations.

2) The [formal decisions or agreements of IEC on technical matters express, a hea as possible, an inteqnational
congensus of opinion on the relevant subjects since each technigal comnittee_ha il inferested
IEC National Committees.

3) IEC |Publications have the form of recommendations fg nak use\and afe accepted by IEC National
Comjmittees in that sense. While all reasonak € at the technical conten{ of IEC
Publjcations is accurate, IEC cannot be i hich they are used or |for any
misinterpretation by any end user.

4) In order to promote international unlformlty, ications
trangparently to the maximum extent possible between
any |EC Publication and the correspondlng nationa tter.

5) IEC provides no marking proc j uipment
declared to be in conformity w

6) All users should ensure tha

7) No ljability shall attach tq IE brts and
men|bers of its te > nage or
othef damage of a Kpenses
arisiphg out of the public

8) Atte tions is
indigpensable for th

9) Atte i f patent
rights. IEC shal| not b

A PAY made

availal

IEC-PAS 61512-3 has been processed by subcommittee 65A: System aspects, of IEC te¢hnical

commiftee 65: Industrial-process measurement and control. This PAS is an ANSI/ISA publication

88.00.

Attention is drawn to the fact that Clauses 6 and 7 of this PAS contain licenses involving the
following copyright: Copyright © 2003 by ISA.

Copyright © 2003 by ISA —The Instrumentation, Systems, and Automation Society. All rights reserved.

Not for

resale. Printed in the United States of America. No part of this publication may be reproduced, stored in a retrieval

system, or transmitted in any form or by any means (electronic, mechanical, photocopying, recording, or oth
without the prior written permission of the Publisher.

ISA

67 Alexander Drive

P.O. Box 12277

Research Triangle Park, North Carolina 27709

erwise),
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The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document

Draft PAS Report on voting
65A/410/NP 65A/421/RVN

Following publication of this PAS, which is a pre-standard publication, the technical committee or
subcommittee concerned will transform it into an International Standard.

@%
S
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ISA Preface

This preface, as well as all footnotes and annexes, is included for information purposes and is not part of
ANSI/ISA-88.00.03—-2003.

This document has been prepared as part of the service of ISA.The Instrumentation, Systems, and
Automation Society.toward a goal of uniformity in the field of instrumentation. To be of real value, this
document should not be static but should be subject to periodic review. Toward this end, the Society
welcomes all comments and criticisms and asks that they be addressed to the Secretary, Standards and
Practices Board; ISA; 67 Alexander Drive; P. O. Box 12277; Research Triangle Park, NC 27709;
Telephpne (9719) 549-841T; Fax (919) 549-8288; E-mall: standards@isa.org.

The ISA Standards and Practices Department is aware of the growing need for attention to.the mettic
system its i , i i i icular, i jratior] of
instrum

standa , : ss and
profesdi i i ies. i , thi \ W deavor to introdlice
Sl-accsd [ its i i , anded practicesy, andechnical
reports Units (Sl): The
Moderr IEEE/ASTM $I 10-
97, ang

conversi

It is thel poli icipati cerned individuals and
interes ices,

Particigation i - i ividyal in no way constitutes endorsemInt by
the em indivi , , 8 S recommended practices, and technical
reports

CAUTI(

INSTIT . F S INFORMED OF AN EXISTING PATENT THAT|IS
REQUIRED FOR U y V . REQUIRE THE OWNER OF THE PATENT TO
EITHER GRANT A USE OF THE PATENT BY USERS COMPLYING

EVEN IF ISA IS X K OF Y\PATENT COVERING THIS DOCUMENT, THE USER IS

CAUTI F ATION OF THE DOCUMENT MAY REQUIRE USE OF TECHNIQUES,
PROCESS RIALS COVERED BY PATENT RIGHTS. ISA TAKES NO POSITION ON THE
EXISTENC OF ANY PATENT RIGHTS THAT MAY BE INVOLVED IN IMPLEMENTING
THE D CUME NOT RESPONSIBLE FOR IDENTIFYING ALL PATENTS THAT MAY

REQUIRE A LICENSE BEFORE IMPLEMENTATION OF THE DOCUMENT OR FOR INVESTIGATIN
THE VALIDITY OR SCOPE OF ANY PATENTS BROUGHT TO ITS ATTENTION. THE USER SHOULD
CAREHULLY-INVESTIGATE RELEVANT PATENTS BEFORE USING THE DOCUMENT FOR THE
USER’$ INTENDED APPLICATION.

HOWEVER, ISA ASKS THAT ANYONE REVIEWING THIS DOCUMENT WHO IS AWARE OF ANY
PATENTS THAT MAY IMPACT IMPLEMENTATION OF THE DOCUMENT NOTIFY THE ISA
STANDARDS AND PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER.

ADDITIONALLY, THE USE OF THIS DOCUMENT MAY INVOLVE HAZARDOUS MATERIALS,
OPERATIONS OR EQUIPMENT. THE DOCUMENT CANNOT ANTICIPATE ALL POSSIBLE
APPLICATIONS OR ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN
HAZARDOUS CONDITIONS. THE USER OF THIS DOCUMENT MUST EXERCISE SOUND
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PROFESSIONAL JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER THE USER’S
PARTICULAR CIRCUMSTANCES. THE USER MUST ALSO CONSIDER THE APPLICABILITY OF
ANY GOVERNMENTAL REGULATORY LIMITATIONS AND ESTABLISHED SAFETY AND HEALTH
PRACTICES BEFORE IMPLEMENTING THIS DOCUMENT.

THE USER OF THIS DOCUMENT SHOULD BE AWARE THAT THIS DOCUMENT MAY BE IMPACTED
BY ELECTRONIC SECURITY ISSUES. THE COMMITTEE HAS NOT YET ADDRESSED THE
POTENTIAL ISSUES IN THIS VERSION.

This document has been structured to follow IEC (International Electrotechnical Commission) guidelines.
Therefore.the first three clauses discuss the Scope of the standard. Normative References. and Definitions,
in that prder.

Clausel4, Recipe Description, is informative.

Clausel|5 is normative. The intent of this clause is to describe the contents ! ipgs.
Clausel|6 is normative. The intent of the clause is to describe an objec : b Cipes.

Clause|7 is normative. The intent of this clause is to describe a s aNguag ite
recipe flepiction.

Clause|8 is informative. The intent of this clause is to describe some @spects vfgeneral or site to mpster

recipe {ransformation.

The anhexes are informative.

This ddcument is intended for those who are:

a) responsible for defining pre ing reents

b) invdlved in designing and/or op

c) responsible for
plants;

d) invdlved in the de

ring

e) use|product § 1 uct.
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ISA Introduction

ANSI/ISA-88.01-1995, Batch Control Part 1: Models and Terminology (referred to as Part 1 throughout
this document) provides models and terminology applicable to batch control. ANSI/ISA88.00.02-2001,
Batch Control Part 2: Data Structures and Guidelines for Languages (referred to as Part 2 throughout

this document) addresses data structures and guidelines for languages. This Part 3 defines additional
information on general and site recipes. Clause 4 of this document contains definitions of general

and site recipes in greater detail than in Part 1. Clause 5 defines detailed description of the

contents of general and site recipes. Clause 6 defines a data model that identifies objects and
relatiorfShips that were addressed In Clauses 4 and 5. Clause 7 defines a method for depiction of general
and sitg recipes that can be used for both simple and complex processing requireménts, usingdoth a
tabularjand a graphical notation. Clause 8 describes some aspects of general or-si sterrecipe
transfoymation. The annexes provide complementary information.

Although this document is intended primarily for batch processes, it ma j lue for other
types qf processes as well.

o
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BATCH CONTROL -

Part 3: General and site recipe models
and representation

1 Scope

This PAS on Batch Control defines a model for general and site recipes; the activities that describe the
use of general and site recipes within a company and across companies; a representation of general and

site red

2 Ng

The fol
referen
docum

ANSI/IY

ANSI/IS
tointh

IEC 61
IEC 61
ANSV/I
ANSV/I
IEC 60
ISO/IE
Langus

3 Deg

For the

Part 1 and Part

explicit

3.1 e
a supe

recipes.

ipes; and a data model of general and site recipes.

rmative references
owing referenced documents are indispensable for the application of

ces, only the edition cited applies. For undated references, the I3
bnt (including any amendments) applies.

s PAS as "Part 2").
b12-1:1997, Batch Control — Part 1: Models

> 19501:2004, Info

ge (UML) V@ '

finitions

y stated i

class ofagecipe typethat is independent of equipment and follows the procedural model of

3.2

asterrecipe transform component:

art 1").

rred

the

jeneral

part of p master recipe that is used in the transformation of an equipment-independent recipe into a

comple

33 p

te master recipe.

rocess procedure chart (PPC):

a method for the graphical representation of equipment-independent recipes.

34 p

roduct family:

a set of produced materials that are related by manufacturing business policy.

35 p

roduct grades:

a collection of similar materials with some variations in properties.
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4 Recipe description
4.1 Recipe types

As defined in the recipe model of the Part 1 standard, a recipe is an entity that contains the minimum set of
information that uniquely defines the manufacturing requirements for a specific product. Recipes provide a
way to describe products and how those products are produced.

Four types of recipes are defined in Part 1: general recipe, site recipe, master recipe, and control recipe.
There are substantial differences between general/site and master/control recipes. General/site recipes
descrilfe the equipment-independent processing requirements 1o make a specific product. Master/¢ontrol
recipeqg describe the specific actions required with specific equipment to make a b product:

Additiopal information on the four recipe types is defined the Part 1 standard.

4.2 (eneral and site recipe description
4.2.1 | Manufacturing information

General and site recipes are sources of information for the d 9 céll-specific mgster

recipeq. Their purpose is to describe manufacturing infor! > specific manufagturing
equipment. They describe, in manufacturing terms, the materig i equirements, chemigal
transformations, and physical transformations require i

4.2.2 | Multiple site definitions
General and site recipes are intended to define { icements that can be carried out in differently
constrycted process cells and that can be valid i 2as’and multiple sites, as shown in figlire 1. In

some gircumstances, genera pnvey product-manufacturing informatipn across
multipl¢ enterprises.

9,
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10 One General Recipe per produced
N material, maintained at the enterprise level.
Do For example, 1000 company wide products
Enterprise
/ i \ One Site Recipe per site and produced
material, maintained at the site for local
materials, language, or segment of
ooog| ([ooog] [oooo production.
$ite Site Site For example, 10,000 sSite recipes for 10 Sies
e A R | e One Master Recipe pe
K | H % - % | and produced materia
e o
e For example, 50,000
e .
5 process cells pe
Procegs Cell  Process Cell Process Cell
e ] g g )
There are generally fewer ge

example, a small spegialty cher
production sites. T

site the the
master]

4.2.3

The ge
examp
includg
a site.

4.3

Fquipment-independent recipes

bs. For
pes for 10
s cells per
ons of

For
could
rea within

4.3.1

—Equipment-imdependent Tecipe

SUbtypeS

General and site recipes are subtypes of a general class of equipment-independent recipes. They have the
same structure, information, and display, but they differ by their use within a company, based on company

policies.
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4.3.2 Activities of equipment-independent recipes

There are multiple possible implementations of equipment-independent recipes within a company. Two
commonly used approaches are defined here, one in which equipment-independent recipes are used as input
to trial or pilot plant production, another in which equipment-independent recipes are generated as a result of
trial or pilot plant production. These approaches are defined for product manufacturing; they do not necessarily
apply to other areas of the enterprise, such as research and development (R&D), but the concepts can be
beneficial in other areas.

In the examples, the recipes are identified as General Recipes, but they can be any type of equipment-
indepe rclent IUbi[JC.

dback
in figure 2

Develgpment of equipment-independent recipes is typically an iterative process
loops throughout both processes. For simplicity, the multiple feedback loops
and figure 3.

4.3.3 | Input to trial or pilot production

Figure |2 illustrates the activities associated with the generation ar
an inpyt to trial or pilot plant production.

recipes as

In this psage scenario, a company generates equipment-indepg ipesiha initior}s given to
the trig] or pilot plant operation. The equment-lndep \ SNE ipes that
match the pilot plant equipment layout and
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Develop
Product Synthesis
Description

: R&D
Globa_l _Mat_erlal Product Synthesis Othe_r_ qubal
Specifications Description Specifications

Create
General
Recipe

Global Process
Action Definitions

(N
O

Trial Facility
Mapping Rules

Master Recipe

Q@proved
Gevieral Recipe

eation of equipment-independent recipe

4.3.4 | Outputfrom tri

An altgrnate Qd fog equipnyent-independent recipes development is the creation of an equipmgnt-
independent recipe aftenthe sCaleup and verification of the process in a trial or pilot facility, as shown in figure
3. In this model a)fi dMipment-independent recipe is generated after the scale up and verification of the
procesk in a trial or pilotfacility. This equipment-independent recipe is usually constructed using the final trial
master|recipe’ as the process description.

Note that because of clarity of the process description inherent in formal equipment-independent recipes, it
can be advantageous in some circumstances to use the same structure as an input to the pilot plant, even if it
is not identified as a recipe.
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Develop
Product Synthesis
Description

R&D
Product Synthesis
Description

Convert and
Validate in
Trial Facility

Trial Facility
Mapping Rules

TriaL{
Master Reci
Global Material /R @

Specifications

O Other Global
Specifications

Global Process
Action Definiti}»Q

Q Approved
General Recipe

4.3.5 | Céntrols e\l-- ent-Independent recipes

Global Equipment
Property Definitions

Equipment-independent rgcipes are usually tightly controlled because they represent the valuable, proprietary,
and unjque intellectuabedpital of a company. It is important that equipment-independent recipes bg managed
with formal(procedures and adequate safeguards for change control.

4.3.6 TEquipment-independent rTecipe process detinition

An equipment-independent recipe defines a single process for the production of an intended, or in some
cases, multiple intended materials.

4.3.7 Equipment-independent recipe variants

There can be multiple variants of an equipment-independent recipe for a produced material that describe
alternate synthesis paths or alternate formula materials. Each variant is described in a separate equipment-


https://iecnorm.com/api/?name=03a0df2c33433dd6075daf4df536baa9

Copyright © 2003, ISA; 2004, IEC 15

independent recipe. An identification method is usually used to indicate the relationship among the multiple

variant

recipes for the produced material.

For example, multiple equipment-independent recipes might be used to make a wood- based glue product.
Different recipes would be used based on the time of the year or species of trees used. All of the general
recipes would specify the same final product, but could be identified by variant.

4.3.8

Source of scheduling information

Equipment-independent recipes, and in particular site recipes, provide a source for scheduling and planning

inform
orap

In cass
schedU

Master
knowle

4.3.9

rtion of a product, at a site. It also contains information about the resource
; information that can be useful for production and resource scheduling.

a product,

pses of

ules require

Recipe nd site
recipeg correspond to equjpraent>i

correspond to equipment-gpecific\oreduc

Becauge a site recipia k i \ process cells, with different structures, it is often us¢d as a
basis for site planning,i i pecified in ANSI/ISA-95.00.01-2000.

There on contained in a site recipe and the Bill Of Materials (BOM) usgd in
busine yedule materials. This overlap is identified as a Manufacturing Bill in
ANSI/IBA-9 dde up of the site recipes’ process inputs. The site recipe can bg the
source|of iR anufacturing bill. See figure 4.

There is an overlap-qf infoymation in a site recipe and the Bill Of Resources (BOR) used in business systems
to schgdule production~"The overlap is defined as Process and Product Segments in ANSI/ISA-95.00.01-2000
and cah cofrespond to the site recipe’s process stages and process operations.
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All information required to produce a product, at a
given site

Production Routing may be defined as the process
stage or process operation sequence

Manufacturing Bill defined as the recipe’s process
inputs

Bill Of
Materials

Bill Of
Resources

4.3.10

Equipnnent—independent recipes aIIow prod ificati i uipment

capabiliti Juitements contained in an equipment-ind¢pendent

recipe ¢ initi 3 where a

produc jetermine

what a

4.3.11

Equip ecification.

Equip ' ut they do

contair| i i 8 eC|f|cat|on ina formal understandable and standard forlmat

Examp ¢ j i

a) Th and some
of

b) The process-dependencies are useful in the definition of material flows between units and between
prqcess cells.

C) Th i fUI IIIU:GD Vv;th;l I thc cquiplllcl It';l |dc|uc| |G|'c| It IUb;pUO pl cuioc:y de;I 1T thc IllatUI ;G:D that al'c 0 be
handled by the facility.

d) The formulas clearly define the ratios of amounts of materials, including expected yield amount compared
to raw material amounts.

e) The process definition can include product-dependent processing times, when these are based on

chemistry requirements rather than on equipment size.
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f)

17

can be used to determine equipment capacities.

4.4

4.4.1

General recipes

Enterprise-wide definition

Recipes and anticipated production schedules, as defined in ANSI/ISA-95.00.01-2000, when combined

A general recipe defines the manufacturing requirements for a specific product or range of product. It is
independent of the actual site or equipment that could be actually used to manufacture the product. A general

recipe can be considered as the technical specification of the process to make a product.

A gengral recipe is an enterprise-wide recipe that serves as the basis for site and master recipes. Ilt is created
by people with knowledge of both the chemistry and processing requirements foxfl ntifies raw
materials, their relative quantities, the required processing, and order of processing essing
capabilities required, such as cooling or heating, or generalized equipment ré€g ass-lined
reactors. It does not define specific equipment that has to be used to imple pecifies
authoriged types of equipment, usually when it is critical to the process/dess

The gdneral recipe is suitable across the entire enterprise. It con nts for a
particular material in terms that can be used by all sites that man serve as

input fq
442

A gene
produc
be in th
only be

A geng
produc

manufacturing cap

4.4.3

4431

r corporate production planning and standard costing

Purpose of a general recipe

ng a productinall

abilitieslandvis \qften testedy
General recipe’inf i

Gener
well d

compahy's basi
development as-we
unambjguouslyscommuii

ing capabilities. Development of general recipes can also involve prog
oduct development, as shown in figure 5. The general recipe provides a
ating processing requirements to multiple manufacturing locations.

orm
) sites can
t might

B in
bns of

DCESS
rences to a
ess

means for
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Customer
Requirements

Product
Development

Initial
Research

General
Recipe

Manufacturing

Process
Development

Basic Manufacturing
Definitions

4.4.3.2| Product development

Produgt development results in the definition of the product and p BCi . definitions
of how|to make the product, at least in laboratory scale. 3 mistry and
procesping requirements peculiar to the product. Prod uirements
that ar¢ described in enough detail to define the type f

4.4.3.3] Process development

Process development results in the definitiop of 3 ne product
within product specifications. Process deve '

manufacturing process definitions: fana because of
unique|new chemistry thatrequices ne i i W process

requirements.

4.5 Pite recipes Q

4,51 | Site-specific re

The site recipe is h of site-
specifi¢ informatjon and ge bn or local

raw materiat differenc particular
set of proce eduli

A site recipe is Usualy depived from a general recipe to meet the conditions and requirements found at a
particular manufacturing’location and provide the level of detail necessary for site-level, long-term groduction
schedyling.\-However, it can also be created directly without the existence of a general recipe.

452 Site recipe definition

A site recipe has the same structure as a general recipe, but the information in the site recipe is tailored for
each target location. The site recipe can be modified for the local language (e.g., French, German, or
English), the local unit of measure (e.g., English or metric), local requirements and/or local raw material
availability. The site recipe can include only a part of the process defined in the general recipe that is actually
implemented on the site. For example, a single product can have intermediate materials manufactured at one
site that are then shipped to a second site for final processing. In that case, each site recipe would be derived
from only the portion of the general recipe actually required for the processing to be done at that site.
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Typica

| reasons for the use of site recipes include:

a) Site recipes can be used to define local variations in the recipe production process or recipe presentation.

Th

4.6.1

ese variations might include such factors as:
Local regulations
Local language

Local units of measure

Local materials availability

Local requirements

Alternate raw materials

ontrol of the recipes. For example, a policy can be defi

Product farmilies and product grades

Product definition

The Pz

i1 standard uses the term "prnrllmi‘“ todefine the mlfplli‘ of a process. cell _The definition. o

e\sites] a site recipe may

ifications for matching against ared and

and

b used,
ned in

ecipes that are not shared with other sites or corporate managgment, or a

a finished

or final product is defined at the enterprise level and is often differentiated by things other than the production
processes; for example, it can be defined by packaging, brand name, or delivery form. The definition of a final
or finished “product” is beyond the scope of this standard. However, the terms "product family" and "product
grade" are commonly used to define classifications of products and can apply to both the product of a process
cell and/or to final or finished products.
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4.6.2 Product families

Sets of produced materials that are related by manufacturing process or business policy are sometimes
identified as product families. Examples of product family definitions include:

a) A collection of produced materials that are all manufactured using the same process definition.
b) A collection of produced materials manufactured using the same equipment.

c) A collection of produced materials where the same manufacturing processes are used but different
pafraging processes are usea.

d) A gollection of produced materials that are defined by business rules rather
as [for forecasting of demand.

rules, such

4.6.3 | Product grades

Produd
implem
formula values. In this situation there is one recipe per productgrade

ifferent

In some or material

proper
5 E
5.1

General and site recipes are €qui i ¢ ipes. i i i |l contain
the sar v i pment
require

5.2

define

The mini ; li pendent recipe life cycle states that shall be supported is defingd in
table 7
There $ ] ife cycle

states pf the eléments therecipe references (process actions, equipment requirements, and materipls). There
should|be a-paolicy and pfocess in place to ensure the life cycle states are consistent. For example] if the state
of a refereneed material becomes “Withdrawn,” then the state of all recipes referencing the materia| are made
“Withdfawn.”

5.3 Recipe header

The administrative information in an equipment-independent recipe is referred to as the header. Header
information in an equipment-independent recipe may include such items as recipe identification, product
identification, version number, product family, product grade, originator and life cycle state.
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5.4  Recipe formula

The formula is a category of equipment-independent recipe information that includes process inputs, process
parameters, and process outputs. The process inputs and process outputs identify materials or resources and
quantities of materials or resources.

Materials used in equipment-independent recipes shall be identified by material definitions or material classes
as defined in ANSI/ISA-95.00.01-2000. Equipment-independent recipes do not use material lot definitions
(see ANSI/ISA-95.00.01-2000).

Materi
that on

A matse
status
definiti
The mi
55
5.5.1

The pr
in the H

55.2
An equy

Stages
Figure

y valid material definitions are used in equipment-independent recipes.

DNS.

Recipe procedure

Process model

Part 1 standard.

Process hierarchy

Progédure defines a Process that is made up of
ordered set of one or more Process Stages

A Process Stage is made up of an ordered

Process set of one or more Process Operations

Stage

Process A Process Operation is made

y to ensure

cycle
material

in table 7.

described

5 stages.
ons.

N up of an ordered set of one or
Ll Operation E more Process Actions
v

Process
| Action

Figure 6— Equipment-indepen dent recipe procedure definition
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A procedure is made up of process stages; the process stages are made up of process operations, which in
turn are made up of process actions.

There is a significant difference between the procedure definition in a master recipe and the procedure
definition in an equipment-independent recipe. A master recipe’s procedure is focused on specific process-
oriented tasks carried out in specific process cell equipment and is often dependent on the organization of a
process cell's equipment. An equipment-independent recipe’s procedure is focused on the order that
materials are processed and the character of the processing required. For example, some materials have to
be operated on independently before they are joined, because the materials react or mix to form different
materials or unique compounds.

5.5.3
The se
proced
554

A proc
planne
proces
proces
outputs
555

A proc
equipn
Proces

proces

a) As

c) To
Proces
55.6

A proc

Ideal procedure for manufacture

or process intermediates.

Process operation

s operations are ge
5 operations are:

a natural or {

Process-attion

pss action is a minor processing activity, such as grind, cool, heat, delay, test or mix. Many

simply

thedaddition of material, removal of material, addition of energy, or removal of energy.

b for the
cified in the

ina
5 and
b where a

rOCess

farget
brocessed.
bons for

hctions are

Even the simple addition of a material can be performed through different types of process actions. For
example, the addition rate could be fixed or could be controlled by a process variable such as a pressure,
temperature, or pH.

There can also be company-specific process actions that define unique processing capabilities of a company,
such as separation or packaging. There can also be industry-specific process actions, such as catalytic
conversions or property state changes.
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Process actions within the operation are presumed to operate on the defined materials in a defined sequence.
The sequence of process actions may be serial or parallel and may contain multiple branches.

5.5.7

Definition of equipment requirements

Process elements are equipment-independent, but they may define requirements for the target equipment or
production environment, usually when the equipment or environment characteristics influence the chemistry or
physics of the production process. For example, in the production of some chemicals for color photography
film, the presence of nickel in the process vessels or pipes will fog the resultant film. In this example, the
process stage defining the production of the chemical would have an equipment requirement that specifies

that alljvessetand pipc iillillg are-freeof nicket—Another u)\alllpic coutdbeaconcermthatthematerial is shear

sensitiye, and there could be an equipment constraint specifying that any target equiprment has-low] shear

properfies.

5.5.8 | Process stage guidelines

5.5.8.1| Identifying characteristics

This sdgction aids in the identification of process stages. It focuse aracteristics jof process

stages|and is meant as guidelines for identifying process stage

5.5.8.2| Process-related guidelines

a) Ay cess, such
as

NOTE: This may even be considered the primary chardcteristic used\in\de

b) A process stage can lead 0

NOTE: Hor example, a process s

c) A process stag can be
idgntifiable as a

NOTE: This is a secondapy es.

d) Ay

e) Mg

NOTE: N rials are

combine

f) Mg

terials’can be operated on asynchronously.

NOTE: Intermediate materials may be pre-made and stored for later use.

g) There are common chemical or physical properties required for the target equipment.

NOTE: Equipment requirements can be applied to an entire stage. This means that any target equipment, for any of the process actions
and any intermediate material movement system, meet the equipment requirements.
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5.5.8.3 Non-process related definitions

a) Different parts of the processing described in the equipment-independent recipe can eventually be carried
out in more than one process cell, requiring the intermediate material to cross cell boundaries with
possible intermediate storage.

NOTE 1 — The process stage provides a cawenient organizational structure for splitting a general recipe into smaller parts.

NOTE 2 — A process stage defines processing that will likely be implemented in a single process cell.

P

Atsites,

b le- arant narte af tha acuiinmant indanandant racina oan avantuallyy ha carriad At an diffar
erertrparts-ote-eqtprermee pernaeHrretrpe-co-evertudty—pe-careaout-orn-ae

requiring the intermediate material to be transported between sites.

stages
hen be

NOTE: Hart of the definition of a site recipe is as the subset of a general recipe that can be imple
provide @ convenient organization structure for splitting a general recipe into multiple site recipes®
implemehted on each site, and intermediate materials may be shipped between sites.

c) An|intermediate material has to be separately inventoried.

NOTE 1|— Intermediate materials possibly have a unique cost, or value, to the comgpany~and pagssibly have to be identified and

inventori fi y either gold or used basegl on customer

demand

NOTE 2

d) Int . t part of the equipment-independent
red

NOTE: Hrocess stage boundaries can be used to identify int iates\that.can be obtained locally instead of being produckd.
e) The same intermediate ma i iple products or general recipes.
NOTE: A library of process stag 9 only used intermediate materials. Many companies generatg hundreds of

products| based on a mu aller number df cemmortintegmedjates.

f)  Thg production of'i

NOTE: | sed to identify

process
55.9

5.5.9.1
Process opefations make up process stages. These are major processing events that carry the bafch through

a chenjical or physical transformation. Process operations are closely related to the traditional chemical
enginepring unit operations.

This section aids in the identification of process operations. It focuses on the identifying characteristics of
process operations and is meant as guidelines for identifying process operations, not as absolute rules.

5.5.9.2 Process-related guidelines

a) A process operation can be identified with some physical or chemical change in the material. The change
is typically not reversible.
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b) There can be different equipment requirements required within a stage; the equipment requirements can

be

associated with process operations.

c) Process operations can be used to separate process actions that work together to perform a basic
function.

d) Process operation boundaries can occur at natural breakpoints in production, when the material being
created has readily identifiable characteristics.

e) Process operation boundaries can occur where there are test points or decision points in related master

reqipes-— T est points anddecision points are ofterm associated withrdetays whitetestsare o,

op

f)  Common process operations can be defined and used in multiple recipes,

pration provides a convenient boundary for test points.

5.5.9.3] Non-process-related guidelines
a) Process operations can be defined to simplify transformation o
mg
prg
information used by automated conversion facilities.
b) Pr
chapter headings to break up a long s

prqvided by process stages.

d) Prgcess operations can he

red
5.5.10
5.5.10.

This s¢
actiong

5.56.10.

Proces
accept
this co
meant

onfigured between ma

shotld be maintained in a process action library in order to ensure that o
rstood process action definitions are used in equipment-independent re
htext, the.term library is used to indicate the collection of available process action definitions
to imply any specific storage or management mechanism.

he process

pe to
unit

S or

Fity than is

ent can be

5 of process

nly
Cipes. In
and not

Before any recipe can be written, the basic building blocks have o be available. For an equipment-
independent recipe, the minimal necessary building blocks are the process actions. If these building blocks
have not already been defined, their process intentions fully described, and the necessary parameters
identified, the author of the recipe will be forced to define his or her own nonstandard action. If this happens
there will be confusion over the true intention of the author or just how the parameters are expected to work
within the process action. There would also be the likelihood of differences from one recipe to the next and
from one author to another.

Process actions are defined and available for use at the time of the recipe's creation. Using pre-defined
building blocks not only makes it easier to construct the recipe, but it also standardizes them, making possible
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a better understanding of their process intent by those who are ultimately responsible for making everything
operate in the actual equipment. The effective use of equipment-independent recipes requires that there is a
well-defined and documented set of process actions from which all recipes are built.

5.5.10.3 Process action states
Process actions in the process action library shall have an associated state. The state information is used to

define the life cycle state of process action definition, and the life cycle state of equipment-independent recipes
using the process action.

The mipimmonTsetof processactiomstates that strattbe supported s defimedimtabte7-
5.5.10.4 Process action elements

Process actions in the process action library shall have the minimum set of pr:

Property property Dekcrbton_

Unique Identification Used to identify the/Specific pracess-action and version of the proces]
action.

d

Functional Description ye\ed to de}{gbe\\v t o‘/h‘re ac%g

State &se\g&{ne thgllfe c;sc\e s\‘t{e o%e process action definition.

Parameters too on lly.pa metMch specific use of the process
ctlon in a recipe)

5.5.11

5.5.11.

Thfare ' ing occurs.
condit 2 non-
persistge nmunicate

it to thq

5.5.11.

The ngn-persistentmodel defines process actions that define the environment only when they are active. In
this mqdel a.mechanisnr’is needed to document the parallel execution of process actions. In the example
shownl|in figure 7 in graphical format, the process actions of HEAT and MIX run in parallel to the CHARGE,
WAIT, CHARGE, and TEST actions.
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CHARGE
OPERATION

I I
|CHARGE || HEAT | | MIX |

5.5.11.
The pe ¥ 3 ned until
altered M able 2, usmg a table

format
examp
is reac 1ed, and “HEAT ON?” starts heating and continugs

Table 2 - Persisten%se\

this
“MIX OFF”
Ached.

Sequence Sequence Process Operation or Rrocess Material
Order Path m
dL 0 \S\éRGE E%TTON) v
n 0 / EAT ON >—
3 &S % [weNtD
dL 0 (\ cﬁ»@gg\) Material A, 25%
A\
i < \@\\\ %ARGE Material A, 75%
N\
dL 0\\ \ TEST
dL HEAT OFF
dL W MIX OFF
5.5.11 4—Addirg-materials

There are process actions that add materials. These can be parameterized and there can be different actions
depending on how the material is to be added. Table 3 lists some example process actions for material
addition.
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Table 3 — Material addition process action examples

Process Action Name Functional Description Parameters
Charge Add the specified material. There is no Material To Add
rate constraint on the material addition. A t o Add
Usually used where there is no mountto
expected chemical reaction.
ChargeAtRate Add the specified material at the Material To Add
specified rate and tolerance. Usually
used when mixing is required or toa fast Amount to Add
a rate will cause an undesired chemical Percent Per_ Minute
reaction.
% per Minute Tolerance
ChargeAtTemperature Add the specified material so the

temperature of the material being
produced stays within the specified
value. This can require heating or
cooling capability. Usually used whe|
an exothermic or endothermic chepiica
reaction will occur.

5.5.11.p Removing materials

There @re process actions that remove matexials nd there
can be|different actions depending on how t i ble process
actiong for material removal.

Table4 - eri
N

Process Action Natne \\I‘\unctM}D{scription Parameters

ess action examples

Dy <> the materighto remove any water or Material To Remove
othersafelinevaporated materials.
a Expected Amount Removed
/\ Minimum Temperature
EyaporateSolvent Me a solvent through evaporation. Material To Remove

The solvent is to be retained and not

dispersed into the atmosphere. Expected Amount Removed

Evaporation Temperature

AN
FilterSoli \ \) Remove solids. Material To Remove
Expected Amount Removed
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5.5.11.6 Adding energy

29

There are process actions that add energy to the process. These can be parameterized and there can be
different actions depending on how the material is to be heated. Table 5 lists some example process actions

for energy addition.

Table 5 - Energy addition process action examples

Process Action Name

Functional Description

Parameters

Heat

ol PR PP PRI
mMuute Criciygy tu TTow o i miatcridl.

= —
ririar teriperature

HeatProfile

Control the rate at which energy is

added to the material. There can be one
or many sets of parameters for different
profiles.

Rate to hgat

5.5.11)f Removing energy

There @re process actions that remove energy from the proce there can
be different actions depending on how the heat is removed/ ctions for
energy|removal.
Table 6 - Energ removal prfoce examples
Process Action Name unctlonal es |pt| Parameters
Cqol Induce é@ergg\w O\Materlal Final temperature
CoolProfile Control the te\a\ﬁm?ﬁc epergy is Rate to cool
e materjal. There can )
parameters for Holding temperature
Holding time
5.6  Equipment regairem
5.6.1 acturing equipment
Equipmentreq statement of the specific requirements of the final manufacturing eqyiipment
necess e _process activities, as well as to document certain important attributes pf the
equipmn
5.6.2 | Equipment selection
An Im |ta| It 1CdoVUTT fUI hGV;I Iy U\a'U;}JI LA~} It ICqU;I CITIc] ItD ;II thc |cu|pc ;Q tU aec;ct ;II ou:uvtil Is ou;tab e

equipment sets in which a product is to be manufactured.

It is especially useful if the selection process is to

be automated. Equipment requirements provide information upon which a comparison of the characteristics
and attributes of existing plant equipment can be made in order to determine the suitability of selected

equipment.

5.6.3

Constraining target equipment

Equipment requirements define the constraints to be placed on target equipment, usually where the

constraints impact the chemical or physical processing of the material.

For example, the chemistry of a


https://iecnorm.com/api/?name=03a0df2c33433dd6075daf4df536baa9

30 Copyright © 2003, ISA; 2004, IEC

process stage could require that the operations occur in glass-lined reactors and Teflon-lined pipes, because
materials being processed will interact with normal steel containers and pipes.

5.6.4 Managing equipment requirement definitions

Equipment requirement definitions should be maintained in an equipment requirement library in order to
ensure that only available equipment requirement definitions are used in equipment-independent recipes. In
this context, the term library is used to indicate the collection of available equipment requirement definitions,
and not meant to imply any specific storage or management mechanism.

Equip

and th

The minimum set of equipment requirement definition life cycle states that
table 7

5.7 Dther information

A geng ! rocess
definitipn, material identification and amounts, material quali ion Efinitions
and tegt standards. Examples of other information often in aqui Des are:

a) Spreadsheets detailing known proces
b) Complete process models

c) Pi

dtures of good products

d) Pi

e) Re
f) Re
g) Ad

h) Pa

eguipment-independent recipes, process action definitions, equipment requirement
, and material definitions are defined in table 7.

Life cytle states o
definitipns, material cla

The lif¢ cyele states represent the common minimum set of states. Companies may define additional states
as required by business rules.

Transitions between states are not specified. Depending on business rules, it may be possible to enter any
state from any other state, such as going directly from Draft to Effective or going from Withdrawn to Approved.
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Table 7 - Life cycle states

State Name State Description

Draft Indicates that the element definition is under development or is
available for review but is not yet available for use in normal
production. Additional substates of “Draft” may be used to indicate
work in progress and readiness for approval.

Approved Indicates that the element definition is complete and has been
approved by all pertinent authorities.

Released Indicates that the element definition has been approved and has
been distributed, but it has not yet become effective. /\

Effective Indicates that the element definition is available for)léé& ~

Withdrawn Indicates that the element definition is no longer’e ijve angd-is net
available for use.

6 Epuipment-independent recipe object model

ISA hereby grants a non-exclusive, royalty-free, limited/lic standard,

to copy, display and distribute this section of this | in or

define by such section), as follows:

a) Producers of products or services inte : b this
depignated section, but only to the exteht reaso ecessary to make, use, and distripute any
product or service (including product do hat is compliant with this standarnd.

b) End users of a product oducegr acting under the preceding license may
reproduce and use the d to the extent reasonably necessary fo enjoy
the intended functio and to maintain, configure, or reconfigure systems
to pbe compliant

c) Persons providin\é : promotion of the standard may copy, display and dijtribute the
de}ignated sectio ent reasonably necessary to provide information felated to
the standard.

Except as expressl other reproduction and distribution without permission of ISA is

prohibited section of the standard made or distributed under this license must cite

the stgndard and

Copyright © 2003'b - The Instrumentation, Systems, and Automation Society. All rights|reserved.

Used with permission™of ISA

6.1 ntroduction

This clause defines data models that specify a set of objects, attributes, and their basic relationships that cover
the concepts of Clause 4 and Clause 5 of this PAS at a high level of abstraction. The models apply to
interfaces to recipe management systems in a technology-independent manner. The models are not intended
to address the internal system architecture of recipe management systems.

The intended use of these models is to provide a starting point for developing interface specifications for
components that address any subset of this PAS.
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In the cases where the objects and relationships defined in this clause are presented through an interface,
then that interface shall use the object names and the relationships of this clause commensurate with the
interface technology chosen and the capabilities offered.

6.2 Modeling techniques

The models that are described in this clause are based on the Unified Modeling Language (UML) per ISO/IEC
19501:2004.

6.3 Object model

The object model for equipment-independent recipes is shown in figure 8. The mai ents are’gquipment-
indepepdent recipes, an equipment requirement library, and a material definition.and class définitiop library.

Equipment Process Equipment Material
Requirement Element Independent efipition
Library Library Recipe Library
Is made Is made Has a type of
up of up of Is hade
Is made up of
1.N 1.N up of | | 1.N

Riqtli??nﬁgg t Elre?n(fleesnst General 7 Sit Material
q Refﬁé\ Recipe Definition

Element Specification
1 1 U 0, Corresponds 1 1 Corregponds
<May be'dexived from to to M

AN

O 0..N | 0..N | 0..N 0.N |O0..N

roce th\5\) Process Process Procpss
Procedu Information Parameter Input Output
Corresponds Correspon
to N to N 0. 0..N 0.IN
Is made
0.N Nk\ (o Ry

€SS

Equipment AL L RON N —
Requirem t)/\&j\'*i o me im

o

VUses % of 1 W Produces % of
the input the output

1

B OC?\SE_\(\ Has a Percent Percent
meqt i type of Input Output
\ Proces <>M Process k> L.Ni  Process
Ismade | Operation Is made Action
up of up of

Figure 8 - Equipment-independent recipe object model
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6.4  Object relationships

The object model for equipment-independent recipe entities defines the following relationships:

a) A general recipe is a type of an equipment-independent recipe.

b) A site recipe is a type of an equipment-independent recipe.

c) A site recipe can be derived from all or part of a general recipe.

d) An

e) An
inf

i) Af
) Ax
k) Af
) Af
m) Af
n) An
o) An

ma
20

p) Af

q) Aq

equipment-independent recipe contains a process proceaure aetnition.

terial.

equipment-independent recipe contains one or more procé
terial.

rocess element lib
equipment requirem

rocess_eleme as zero or more percentage of production of a process output.

input is a

butput is a

Llirements
£95.00.02-

r) PrTcess inputs and process outputs correspond to material classes or material definitions.

s) The material definition library is made up of material library elements.

t) A process element is linked to zero or more other process elements through a process element link.
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6.5 Object model elements
6.5.1 Attributes
The Part 2 standard defines the attributes for recipe entities. The attributes defined in Part 2 for recipe entities

apply to equipment-independent recipes. The attributes defined in Part 2 also apply to the objects in this PAS.

Each element definition shall have a unique identification consisting of an ID and a version number. Each
combination of ID and version number shall be unique.

Typical attributes for element definitions include:

a) Cufrent Status: the current life cycle state of the element definition.
b) Author Name(s) or Initials: an identification of the authors of the elementdefini
c) Ow t definition.

d) Ap

=

e) Ap

f) Iss

h) Wi
i) Re finition
be

6.5.2

An eqy entity (see the Part 2 standard, Clause 4.3.1) that is g superclass
of site ndependent recipe has a life cycle state.

There nay be other typ ent-independent recipes used within a company, but those are|outside the
scope je

An eqdipmentrequirement defines a constraint to be applied on target equipment.

6.5.4 | Equipment requirement element

An equipment requirement element is an entry in an equipment requirement library that defines an allowable
equipment requirement. An equipment requirement element has a life cycle state.

6.5.5 Equipment requirement library

An equipment requirement library is a collection of equipment requirement elements that is used in the
construction of an equipment-independent recipe.
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6.5.6 General recipe

A general recipe is a type of an equipment-independent recipe that is applied across an enterprise, company,
or division. See the Part 2 standard, Clause 4.3.1.

6.5.7 Material definition

A material definition is defined using ANSI/ISA-95.00.01-2000. It may also be a material class as defined in
ANSI/ISA-95.00.01-2000. A material definition has a life cycle state.

6.5.8 iaterial aetiniiory orary

A matdrial definition library contains material definitions or material classes that g i the)construction of

an equjpment-independent recipe.

e BOM

excharjged information defined in ANSI/ISA-95.00.01-2000. For exa water,
50% caustic) may be defined in the material definition library and use be made
up at the sites, and only the components, not the solution, are lis hding to the

recipe.
6.5.9 | Other information
Other ipformation is recipe information that€ontai [ er parts of
the recjpe (e.g., regulatory compliance infor \ g ss flow

diagrams, packaging/labeling information).
See the¢ Part 2 standard, Clause 4.3.2 for additi
6.5.10| Percent input

Percent input defines, the p

6.5.11 | Percent out
Percent output fefine

Material bata
100%.

prial is

6.5.12 | Process procedure

A procgss procedure is a definition of the production process for an equipment-independent recipe] It defines a
procedure as a hierarchy of process elements.

6.5.13 Process action

A process action causes a physical change to a material within an equipment-independent recipe. Process
actions are the basic building blocks of a process procedure.
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6.5.14 Process element

A process element is a superclass of process stages, process operations, and process actions. Itis a
modeling construct used to simplify the object model.

6.5.15 Process element library

A process element library is a collection of process element specifications that is used in the construction of an
equipment-independent recipe.

6.5.16 Process etement fink

A process element link is a link between process elements, usually indicating eithg
stage diagram) or an action dependency (in a process operation diagram).

erial (in alprocess or

6.5.17 | Process element specification

A procgss element specification is an entry in a process element librar K able pfocess
element. A process element specification has a life cycle state.

6.5.18 | Process input

A procgss input defines a material that is used
6.5.19 | Process operation
A procgss operation is an ordered set of prgces

S fctio

6.5.20 | Process output

A procgss output defines &

6.5.21| Process per

A procgss parameter de inférmation that is associated with the recipe. See the Hart 2
standafd, Clause 4.3.2.

ad result of production of a product.

6.5.22 | Process, stage
A process Jered set of process operations.

6.5.23 | Site recipe

A site recipe-is type of an equipment-independent recipe that is applicable across a site. See the Hart 2
standafd;.€lause 4.3.1.

7 Equipment-independent recipe representation

ISA hereby grants a non-exclusive, royalty-free, limited license under ISA’s copyright in the standard,
to copy, display and distribute this section of this ISA standard (including software included in or
defined by such section), as follows:

a) Producers of products or services intended to comply with the standard may incorporate this
designated section, but only to the extent reasonably necessary to make, use, and distribute any
product or service (including product documentation) that is compliant with this standard.
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b) End users of a product or service made by a producer acting under the preceding license may
reproduce and use the designated section, but only to the extent reasonably necessary to enjoy
the intended functions of the product or service and to maintain, configure, or reconfigure systems
to be compliant.

c) Persons providing education on or promotion of the standard may copy, display and distribute the
designated section, but only to the extent reasonably necessary to provide information related to
the standard.

Except as expressly permitted, all other reproduction and distribution without permission of ISA is

prohibited—Atcopies-of-thissectionmof-the-standard madeor-distributed-under-thisticensemust cite

the st3

Copyr‘l?ht © 2003 by ISA - The Instrumentation, Systems, and Automatior

Used
7.1

An eqy
proces

repres¢nted by annotated rectangles in the diagram notation.

also bg

to the
repres

Figure
derived
referer

AnnotTed lines connecting the annotated e

ndard and include the following notice of copyright:

ith permission of ISA.
Process procedure chart

ipment-independent recipe shall be represented as a pro
5 input materials, process output materials, and intermeeti

nnotated rectangles represent proces
nt process outputs.

from the NAMUR 33

ce).

reserved.

ing the

jons may

ines pointing

ectangles

hotation is
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? ? ? ? ?4 """"" ™ Process Input representation
(Material)

Oxidation Nitration
(13 s |[uz 2[7] . Recipe annotation
Process Note:
+ v Make sure that process
] temperature is maintained
ng between ring expansion
Expansion and hydrolysis

[uss 15
@ é\_ _Intermediate Material repr

Hydrolysis
(10 2E|

This clause defines gxpeth phi
repres¢ntation of tes is called 8

requiregments for repre

The PH

7.2 Proces

7.21

Proces
more g

pment requirements, header and other information.

s procedure charts depict the dependencies of materials and actions required to manufactun
utput-materials. It uses a series of symbols. The symbols are interconnected by directed lin

Pfocedure Chart (PPC). This clause also addresses

C language &s de iS\PAS is designed to support recipes with complex processes (g.g.,
indepepdent stage 2 s) that vary from one product to another.

e one or
ks to define

the sed

uencing dependency of the elements.

7.2.2

7.2.2.1

Process procedure chart symbols

Symbol types

A process procedure chart is defined by a set of symbols for:

a) Process stages, process operations, and process actions.

b) Process input materials.
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c) Intermediate materials.
d) Process output materials.
e) Directed links.

f) Process annotations.

Only the general representation of the symbols is imposed; dimensions and details (e.g., thickness of lines and
font of characters) are left to each implementation.

7.2.2.2 Process procedure charts

A procgss procedure chart represents:

a) A j d their
dependencies.

b) A diagram of a process stage, consisting of process operatios

c) A diagram of a process operation, consisting of procesg actj Cing.

Each diagram shall have an indication of the level the ¢ I e, or
procesp operation.

7.2.2.3| Stages, operations, and actions

otated rectangle shall be used to repkesent aQroce
hhe element nams

ss action.

An ann 7
enclosed, as shown in figure 10. The|rectangle

The ba
may be

Stage, Operation, or Action Representation

- Equipment Requirement Indication

__________________ Indication of Underlying Elements

Fi t6=Reci | I bot
7.2.2.4 Content indication

An indication may be used within a stage or process operation symbol to indicate that the stage contains
procedural elements (process operations or process actions). If an indication is used, then it shall be in the
lower left corner of the enclosing symbol. The indication may be numeric, graphical, or a combination. If a
graphical figure is used it shall be a step symbol, as illustrated in figure 11. Figure 11 illustrates a content
indication annotation comprised of an identifying graphical symbol and a numerical count of underlying
elements at the next lower level.
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|-I;L|12

Figure 11 - Annotation for stage or operation elements

7.2.2.5 Equipment requirement indication

An |nd|cat|on may be used W|th|n a stage or process operatlon symbol to mdlcate how many equipment

require orner of the
enclosing symbol The indication may be numeric, graphlcal or a combination. ¢ is used it
shall b¢ a clipboard symbol, as illustrated in figure 12. Figure 12 illustrates an eq i bnt
indication annotation comprised of an identifying graphical symbol and a numeyi€a irgments.
Figure 12 - Equipment requ
7.2.2.6| Process annotation
An anrfotation may be used to include additional process, i i i [ ance. If a
procesp annotation is used then the annotatign s k sociated wi ' i sulating
procesp definition. Figure 13 illustrates an e i rocess
definitipn diagram.
Q ke sixe that process
temperapdre is maintained
we€&n ring expansion
ang’hydrolysis
Example process annotation indication
7227 R
A process input the Part 1 standard) shall be represented by the symbol show in figure 14.
7N

V

Figure 14 - Process input symbol

A process input symbol may be annotated with the identification of the consumed resource, material definition,
or material class.
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A process input symbol may be annotated with an indication of the scaled or relative amount of material,
properties of the material, and/or information about the specific use of the material (e.g. minimum lot size,
maximum lot size). Figure 15 illustrates a process input symbol with an optional material identification.

Material ID ABC435
Nominal pH 6.3

Color Pale Yellow

For caj

indicat¢
intermediates and process outputs symbols.

7.2.2.8

An inte
name,

2.2 Identifiedi{}m
An identified process

Density 1.42

Figure 16 - Sample

Q

Figure 17 - Process intermediate symbol

rmediate symbol may be annotated with the identification of the produced and consumed re

Staprial Aafinition Ay ot arial Alace A nracsnco intarmaadiata oAl oy ha o atatad )

ent more
ted is

ials

pource

k-an

At
et O e o O T atCTroT ot o o7 POt C oo hC e Ot C—oy oo o y o Carrtiomatct WHR

indication of the scaled or relative amount of material, properties of the material, and/or information about the
specific use of the material (e.g., minimum lot size, maximum lot size).

For cases where large numbers of process intermediates are required, the process intermediate symbol may
represent a list of materials.


https://iecnorm.com/api/?name=03a0df2c33433dd6075daf4df536baa9

42 Copyright © 2003, ISA; 2004, IEC

7.2.2.9 Unidentified intermediate or sequencing dependency

On a procedure and a process stage diagram, an unidentified process intermediate shall be represented as a
line with an arrowhead, as shown in figure 18.

7.2.21

A proc

A procé¢

amoun

minimym lot size, maximum lot size). Figure

identifi

For cas
list of n

l

Figure 18 - Unidentified intermediate material symbol

D Process output

bss output (as defined in the Part 1 standard) shall be represented by the

5

t of materlal properties of the materi

cation and material property information.

}Q:r:?l ID XGH435
Q alpH 7.0

r Yellow
ensity 1.35

bes where
haterials!

igure 19.

ative
rial (e.qg.
| material

present a
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7.2.3 Link types
7.2.3.1 Order of execution sequence
On a process operation diagram, an order of execution sequence definition shall be represented as a line

between actions with an arrowhead, as illustrated in figure 21. The action at the tail of the arrow is completed
before the action at the head of the arrow starts.

Figure 21 - Order of execution symbo

7.2.3.2| Start of parallel execution
On a pfocess operation diagram, when parallel actions are required, the sta ution ghall be
indicated by arrowheads that point to a double horizontal line, with/atine\foreachtpaxallelsequence leading

from thle double horizontal line. The action at the tail of the arrow painting\ta-the~doubje horizontal line is
compldted before the action at the head of the arrows start.

AN/
aral ecution symbol

7.2.3.3] End of parallel ex

On a pfocess operation diag g ons are required, lines leading to a double horizpntal line,
and a gingle line leading’fror zontdl line shall indicate the end of parallel execution.| The

actionq at the tails of t e‘double horizontal line are completed before the actipn at the

head of the arrow st?%

Figure 23 - End of parallel execution

A4 Start of $1 | el 11
7.2.34 tart-of-optionalparalielexecution

On a process operation diagram, when it is optional for actions to be executed either in parallel or in series,
the start of such a sequence of actions shall be indicated by arrowheads that point to a dashed double
horizontal line with a right pointing arrowhead and a line for each possible parallel sequence leading from the
double horizontal line. The action at the tail of the arrow pointing to the double horizontal line is completed
before the actions at the head of the following arrows start. The optional parallel symbol is shown in figure 24.
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Figure 24 - Start of optional parallel execution symbol

Each separate path under the optional parallel symbol may operate as a standard parallel, or each path may
operate in series, in order from left to right in the diagram, as illustrated in figure 25.

Implemented

in parallel E
E
: |
v v v
| add1 | | add4 | | add5 | | add6 EI

|
° |

7.2.3.5

On a pf

horizorn
indicat
horizorn
paralle

F |
]

pHen optional parallel actions are defined, lines leading to a dashed double
ting arrowhead, and a single line leading from the double horizontal ljne shall
allel execution. The actions at the tail of the arrows pointing to the double
optional

Figure 26 - End of optional parallel execution
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7.24 Rules for valid PPCs

7.2.4.1 Single network

Al of the elements in a PPC shall be connected.
NOTE: Valid PPCs only have a single network of material flows.

7.2.4.2 Process inputs

Va“d PCD hi Id“ btdl-ll. Vv;til UTNc Ul TTHUIre protcss il |puia.
7.2.4.3] Process outputs

Valid APCs shall end with one or more process outputs.

7.2.4.4 No loop dependency

Valid HPCs shall have no loops of material dependencies. For e Focess
element cannot also be a direct input to the same or a previous-e ded it can
be accpmplished through the use of process inputs and prg rce or
material.

Becauge a PPC defines ideal production, g1o0g_in g oulg m‘@t 1a/a material needed for ggneration of
a material is actually one of the materials g : i situation.
When this is needed in practice it is usually do i . |In this case
the material definition may be the same, but/the materi

documgented by the use of the same materi

7.3  Process hierarchy

7.3.1 | Process operation andpreces

Procegs operations Q PrQCe i * be represented in a graphical format, as shown in figire 27 and

il table 8. Complex definitions, with significant paralld|
phically. Definitions that are primarily sequential are fiequently

in figurp 29, or in a tab
sequerjces, are usua

repres¢nted in the tak ma >t€ format supports the definition of limited parallelism and §equences
within xarallels
In the graphicalrepres ion\,process operations have similar representations as process stages

In the graphicalrepresentgtion, process actions have similar representations as process stages, byt without
the eqlipmentrequiremeht annotations.
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Procedure Process Stage Process Operation
Diagram Diagram Diagrams
shows shows shows

process stages process operations

process actions

-

Table representati
Tabular fo

bcess operati
in table 8.

5 within a process stage may be represented in a tabulg

O]
v v
® ® o Premix Mix/(
2 DEN
Sterilize <—< |
(42 ¢8E| ¢ i \Qérg b
O 7
l Heat
Y
Separafe
S O

r format, as


https://iecnorm.com/api/?name=03a0df2c33433dd6075daf4df536baa9

Copyright © 2003, ISA; 2004, IEC 47

Table 8 - Table format for process operations and process actions

Sequence Sequence Operations & Actions Material Definition
Order Path

0 PREMIX OPERATION

0 CHARGE Material M7

0 MIX

HEAT OPERATION

0 CHARGE Material M8

DN
= SR

IR GGG

This ta
row.

7.3.2.2
The or

sequer]
sequenti

figure 2
interpreted. Table

this stq

0 SEPARATE /\\@9\\)
entia anr llel paths through annotati

8. The use of.symb 3 S at allows simple parallel constructs to be quickly

e
ndard.

on of each

bnd
$, or
hown by

bfined in
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% First in first series under a parallel (first action in first path)

7.3.2.3

The se e sequence within a set of parallel sequences. Sequenges should
be numbered s¢ ia - from the left. All actions under the same sequence path executg
sequer

7.3.2.4

The operations.and actign’ column shall contain the name of the corresponding process operation gr process
action,|oneow per operation or action.

7 3 2 I~ Motarial dafinition
0.4, vrateTrar T troT

A column may be included to contain a material definition for those operations or actions that correspond to
process inputs, process outputs, and process intermediates.

7.3.3 Graphical and table view equivalence

The process stage table representation allows moderately complex representations to be represented in a
table. For example, the graphical representation of a process operation is shown in figure 29.
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Charge op
v
v v v v
add heat react mix
v v v
wait add hold
v
add
v v
v
inter

The seguential paths defined in figure 29 are identified by the ci

Path 1 inter Path 4

re 30 - Sample graphic showing sequential paths
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This same process operation can be represented in a table as shown in table 9.

Table 9 - Sample process operation in table

Sequence Sequence Operations & Actions Material Definitions
Order Path
~ 0 CHARGE OPERATION
L 1 ADD Materi
=g aterial M7
SZ

SE A
AN

7.3.4

All othgr informatian t 3 Pa a ipment-independent recipe shall be related to a specific element or
symbol i i

This st In a pencil and
paper implementatio ple, the reference might be accomplished with something S|m|Iar tola footnote,
or the information 'ht be written alongside the procedural element in question. In an electronic
implementation; pop-up-Boxes or some other mechanism that is not yet invented might be the implgmentation
of choite., However, if used the relationship should be clearly indicated, and it should be consistent within
each application.

7.3.5 Equipment-independent recipe formula

Formula information consists of process inputs, process parameters, and process outputs. The formula
information may be represented in its entirety (e.g., associated with a recipe procedure), in parts (e.g., process
inputs only or for a specific process stage), or as a summary of lower-level formula as appropriate for the
context and intended use. When depicted, the formula shall be associated with a process element.
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7.3.6  Material balance

The recipe depiction should include the ability to show material balances for defined materials. This should
include the summation of all uses of a material in all process actions to ensure that the amount of material
specified in the formula is actually produced or consumed in the recipe.

7.3.7 Equipment requirements

The representation should provide a method for the user to view the equipment requirements that are
associated with each process element individually or for all elements in aggregate.

7.3.8 | Header and other information

Headef i Fecipe in
generdl quipment
require o be
repres¢nted in its entirety or associated with the procedural entity to wiiich related

8 Tr

8.1

Proces hore
master P

equipn . [The
equipmn S.

Transf sses.
Transf omated
procesp

8.2

In some e, a
procesp pings are
possible. hrough
multiplé S 2 cipes, based on the availability of the required processing on gctual
equipment. LikE t| 3s stages could be combined into a single unit procedure durirlg
transformation asterregi In some circumstances a single process action results in the ggneration of
a comy > i e transformation options are based on the element mapping into target
equipnjent.

8.3  Ptage=to=unit procédure mapping

Figure |[31.illustrates some of the complexity of transformation for a simple equipment-independent fecipe,
showing only unit procedure boundaries that could result in the mapping of stages to units. In the figure, the
shaded areas indicate unit procedure boundaries (identified as UPx, x=1...5) and the rounded rectangles in the
shaded area correspond to stages. A full representation would also include the possibility of splitting the
stages into operations in multiple units. The final selected master recipe would be dependent on the process
input material flows into units, material transfer capability between units, and the matching of general recipe
equipment requirements against unit equipment characteristics.



https://iecnorm.com/api/?name=03a0df2c33433dd6075daf4df536baa9

52 Copyright © 2003, ISA; 2004, IEC

P9 999

| Stage 1 | | Stage 3 |

Stage 2 9 9 9

Caonaral
Jorierdal

Recipe

bing

(@
&

bing

8.4

8.4.1

The fir transform
compo es and/or
recipe 3 \ nce) of
equipment. ibrgry of transform components that can document the best practice¢s for
implementt acti on specific equipment. Multiple possible transform components can |pbe defined
for a gi 3 & implemented using an equipment element, but some defining characteristics,
such a

8.4.2

AdditiokatHransferm-cemponen ble-material

be merged into the created master recipe. A library of transform components for material transfers between
units can be used to ensure consistent handling of material transfers in created master recipes.

8.4.3  Unit startup and shutdown components

Transformation often requires that units be prepared before use (such as washed or heated). Units often also
require finishing after use (such as washed or byproducts removed).
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Master recipe transform components should be defined for units that require preparation before use or actions
after use. These master recipe transform components should then be merged into the generated master
recipe at the appropriate point in the unit procedure to ensure their execute at the right time.

8.4.4 Alternate master recipe transform components

There can be multiple master recipe transform components for a given process element in a process cell.
These can use alternate sets of equipment and different optimizing criteria, such as minimum number of
transfers, lowest cost of use, or least energy use. Transformation can include a selection of the best master
recipe transform component that meets the production requirements for the final master recipe (such as lowest
cost, fgstestbatch;orteast cuwgy).

8.5 [ ransformation tasks

8.5.1 | Equipment determination

Once master recipe transform components are available, the next tas
determiination of the equipment that can:

a) Pefform the process action (there is a transform componen
b) Mdet the equipment requirements defined in the encapsuldting pfes

c) Mg
ma

d) Ms
ou

These get the above requirements, and (b) have valid
materigl transfer paths betiWeen th it§. e fas so involve selection of one of the materiall paths and
can be i imization i ion sets known about the equipment or process.

8.5.2
Non-pr Y Qnyincludes/process parameters, equipment requirements, process|input

informati z i ation; percent input information, or percent output information. This
information is u§ JUd Y ation of master recipes. For example, the input and output matgrial

identifi ameters or
formula

Transformation th cipe and
mergin procedural
inform t|on used in the mapping should be assomated with the master recipe transform component, not with
the eq ill be
availabteTr F i built. For

example, a master recipe transform component element can define a parameter value as an equation
(mathematical formula) that references equipment-independent recipe information. This equation would be
resolved at the time the master recipe is created to set the actual parameter value.

Mapping of non-procedural information can include optional definitions and default values. These could be
used if the necessary information is not available from the equipment-independent recipe. This can be
required where the same master recipe transform component is used in transformation of many different
equipment-independent recipes.
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8.5.3 Creating the master recipe

The last tasks involve the creation of one or more master recipes by replacing the actions with the recipe
transform components, defining the master recipe operation boundaries using the process operation
definitions as a guide, collecting the master recipe operations that deal with the same equipment in the same
material dependency path, into master recipe unit procedures, and then adding material transfer master recipe
segments to move the materials between units. There can be additional tasks required to initialize units before
their first use, and tasks to finalize, clean, or sterilize units after material is transferred.

8.6  Transformation mapping

8.6.1 | Multiple possible mapping levels

Transformation of equipment-independent recipes to master recipes can be p. € of the
equipment-independent recipe procedural hierarchy. The mapping could og at dift S uch as a
procesp operation to a master recipe phase, or a process action to a magter\recipe ion

8.6.2 | Process action to master recipe phase mapping
Transformation can be done through the lowest level, the proces i Showq i Ih this case

the process actions correspond to an ordered collection of G into a final
master reC|pe This can be the simplest case of transformatio 2 -to-many

Aarget Equipment Set

Equipment Master Recipe!
Independent Regci |
Process [\
] is an dgdered set
NN J\
Pr S
Stageé/\ Procedure
—Z H —
; is ered set of : is an ordered set of
cess | Unit
peratiQqs : Procedureg
NN%%& of is an ordered set of B
r%«_:es »| Recipe Operations
Actigns May be implemented | | Component
throth one Or_ more _—is an ordered set of is an ordered set of T
master recipe
componen_ts on target Dhacac Are merged into Dhacac
caHpTent i a master recipe

Figure 32 - Transform through process actions
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8.6.3 Process action to master recipe operation mapping

A transform component can define one or more operations, such that one or more complete operations are
required to implement a process action. Figure 33 illustrates a transform component that contains one or

more operations. These operations are then merged into the generated master recipe for the target
equipment.

For Each Target Equipment Set

Equiprment Master Retipe Master RE'tipeé
Independent Recipe Transform '
Component
Process

is an ordered set of

Process
Stages \Pfocedure

is an ordered set of is a ered set of

Unit

Process i eciffe
Operations : '@}@ nt<> Procedures
__is an ordered set of <‘ g_( P4 §\ordered

Are merged into 0 ti
\Q ratlons | a master recipe perations
e

Y of is an ordered set of

Process
Actions

May be imple entedi
—~/ .

is an ordered set of is an ordered set of

/]
_) Phases Phases

Figure 3 ocess action to one or more operations
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Process action to master recipe unit procedure mapping
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A transform component can define one or more unit procedures that implement a process action. For
example, this occurs when the process action requires a material mixture that is prepared in a separate unit on
the target process cell. Figure 34 illustrates this example. In this case the unit procedures are merged into the
generated master recipe, usually including any required material transfers between the units.

For Each Target Equipment Set

Equipment
Independent Recipe

Process

is an ordered set of

Process
Stages

is an ordered set of

Process
Operations

is an ord

Process
Actions

Figure 34 - ¥

Master Recipe
i Transform
Component

Recipe
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8.6.5 Transformation through process operations

The process hierarchy of an equipment-independent recipe can be collapsed, and transformation can occur at
any level. Figure 35 illustrates the mapping of a process operation to a master recipe transform component.
In this example, the equipment-independent recipe does not contain any process actions, and the transform
component defines one or more operations. In this case, the equipment-independent recipe is constructed
from a library of process operations
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8.6.6  Transformation through process stages

Transformation can be accomplished through process stages, such that an equipment-independent recipe is
constructed from a library of process stages. In this case there would be a transform component defined for a
process stage. Figure 36 illustrates the transformation mapping where a process stage is implemented
through one or more unit procedures.
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