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National foreword

This Draft for Development reproduces verbatim IEC PAS 61512-3:2004.
This publication is not to be regarded as a British Standard.

It is being issued in the Draft for Development series of publications and is of
a provisional nature because it is an existing American ISA Standard
prior to being published as a full International Standard. It should be
applied on this provisional basis, so that information and experience of its
practical application may be obtained.

A PAS is a Technical Specification not fulfilling the requirements for a
standard, but made available to the public and established in an organization
operating under a given procedure.

Comments arising from the use of this Draft for Development are requested so
that UK experience can be reported to the international organization
responsible for the Technical Specification. A review of this publication will be
initiated not later than 3 years after its publication by the international
organization so that a decision can be taken on its status at the end of its
3-year life. Notification of the start of the review period will be made in an
announcement in the appropriate issue of Update Standards.

According to the replies received by the end of the review period, the
responsible BSI Committee will decide whether to support the conversion into
an international standard, to extend the life of the Technical Specification for
another 3 years or to withdraw it. Comments should be sent in writing to the
Secretary of BSI Subcommittee GEL/65/1, System Considerations, at British
Standards House, 389 Chiswick High Road, London W4 4AL, giving the
document reference and clause number and proposing, where possible, an
appropriate revision of the text.

A list of organizations represented on this committee can be obtained on
request to its secretary.

Cross-references

The British Standards which implement international publications referred to
in this document may be found in the BSI Catalogue under the section entitled
“International Standards Correspondence Index”, or by using the “Search”
facility of the BSI Electronic Catalogue or of British Standards Online.
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A

INTERNATIONAL ELECTROTECHNICAL COMMISSION

BATCH CONTROL -

Part 3: General and site recipe models
and representation

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 co-
operation on all questions concerning standardization in the electrical and electronic fields. To this end and in
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their preparation
is entrusted to technical committees; any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising with
the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all interested
IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any equipment
declared to be in conformity with an IEC Publication.

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses
arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

PAS is a technical specification not fulfilling the requirements for a standard, but made

available to the public.

IEC-PAS 61512-3 has been processed by subcommittee 65A: System aspects, of IEC technical
committee 65: Industrial-process measurement and control. This PAS is an ANSI/ISA publication
88.00.03".

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 otherwise),
without the prior written permission of the Publisher.

ISA

67 Alexander Drive

P.O. Box 12277

Research Triangle Park, North Carolina 27709
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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.
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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;
Telephone (919) 549-8411; Fax (919) 549-8288; E-mail: standards@isa.org.

The ISA Standards and Practices Department is aware of the growing need for attention to the metric
system of units in general, and the International System of Units (SI) in particular, in the preparation of
instrumentation standards. The Department is further aware of the benefits to USA users of ISA
standards of incorporating suitable references to the Sl (and the metric system) in their business and
professional dealings with other countries. Toward this end, this Department will endeavor to introduce
Sl-acceptable metric units in all new and revised standards, recommended practices, and technical
reports to the greatest extent possible. Standard for Use of the International System of Units (Sl): The
Modern Metric System, published by the American Society for Testing & Materials as IEEE/ASTM Sl 10-
97, and future revisions, will be the reference guide for definitions, symbols, abbreviations, and
conversion factors.

It is the policy of ISA to encourage and welcome the participation of all concerned individuals and
interests in the development of ISA standards, recommended practices, and technical reports.
Participation in the ISA standards-making process by an individual in no way constitutes endorsement by
the employer of that individual, of ISA, or of any of the standards, recommended practices, and technical
reports that ISA develops.

CAUTION — ISA ADHERES TO THE POLICY OF THE AMERICAN NATIONAL STANDARDS
INSTITUTE WITH REGARD TO PATENTS. IF ISA IS INFORMED OF AN EXISTING PATENT THAT IS
REQUIRED FOR USE OF THE DOCUMENT, IT WILL REQUIRE THE OWNER OF THE PATENT TO
EITHER GRANT A ROYALTY-FREE LICENSE FOR USE OF THE PATENT BY USERS COMPLYING
WITH THE DOCUMENT OR A LICENSE ON REASONABLE TERMS AND CONDITIONS THAT ARE
FREE FROM UNFAIR DISCRIMINATION.

EVEN IF ISA IS UNAWARE OF ANY PATENT COVERING THIS DOCUMENT, THE USER IS
CAUTIONED THAT IMPLEMENTATION OF THE DOCUMENT MAY REQUIRE USE OF TECHNIQUES,
PROCESSES, OR MATERIALS COVERED BY PATENT RIGHTS. ISA TAKES NO POSITION ON THE
EXISTENCE OR VALIDITY OF ANY PATENT RIGHTS THAT MAY BE INVOLVED IN IMPLEMENTING
THE DOCUMENT. ISA IS NOT RESPONSIBLE FOR IDENTIFYING ALL PATENTS THAT MAY
REQUIRE A LICENSE BEFORE IMPLEMENTATION OF THE DOCUMENT OR FOR INVESTIGATING
THE VALIDITY OR SCOPE OF ANY PATENTS BROUGHT TO ITS ATTENTION. THE USER SHOULD
CAREFULLY INVESTIGATE RELEVANT PATENTS BEFORE USING THE DOCUMENT FOR THE
USER’S 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 order.

Clause 4, Recipe Description, is informative.
Clause 5 is normative. The intent of this clause is to describe the contents of general and site recipes.
Clause 6 is normative. The intent of the clause is to describe an object model of general and site recipes.

Clause 7 is normative. The intent of this clause is to describe a symbolic language for general and site
recipe depiction.

Clause 8 is informative. The intent of this clause is to describe some aspects of general or site to master
recipe transformation.

The annexes are informative.

This document is intended for those who are:

a) responsible for defining product processing requirements;

b) involved in designing and/or operating batch manufacturing processes;

c) responsible for specifying controls and the associated application programs for batch manufacturing
plants;

d) involved in the design and marketing of products in the area of batch control; or

e) use product information for the purposes of manufacturing or managing the manufacture of product.
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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
relationships that were addressed in Clauses 4 and 5. Clause 7 defines a method for depiction of general
and site recipes that can be used for both simple and complex processing requirements, using both a
tabular and a graphical notation. Clause 8 describes some aspects of general or site to master recipe
transformation. The annexes provide complementary information.

Although this document is intended primarily for batch processes, it may have considerable value for other
types of processes as well.
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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 recipes; and a data model of general and site recipes.

2 Normative references

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

ANSI/ISA-88.01-1995, Batch Control Part 1: Models and Terminology (referred to in this PAS as "Part 1").

ANSI/ISA-88.00.02-2001, Batch Control Part 2: Data Structures and Guidelines for Languages (referred
to in this PAS as "Part 2").

IEC 61512-1:1997, Batch Control — Part 1: Models and Terminology.

IEC 61512-2: 2001, Batch Control — Part 2: Data Structures and Guidelines for Languages.
ANSI/ISA-95.00.01-2000, Enterprise-Control System Integration Part 1: Models and Terminology.
ANSI/ISA-95.00.02-2001, Enterprise-Control System Integration Part 2: Object Model Attributes.
IEC 60050-351:1998, International Electrotechnical Vocabulary — Part 351: Automatic Control.

ISO/IEC 19501:2004, Information Technology — Open Distributed Processing — Unified Modeling
Language (UML) Version 1.4.2

3 Definitions

For the purposes of this PAS, the following definitions apply. Definitions and concepts expressed in the
Part 1 and Part 2 standards (IEC 61512-1 and 61512-2 respectively) apply, except where differences are
explicitly stated in this PAS. Definitions in IEC 60050-351:1998 were also used as a basis.

3.1 equipment-independent recipe:
a super class of a recipe type that is independent of equipment and follows the procedural model of general
recipes.

3.2 master recipe transform component:
part of a master recipe that is used in the transformation of an equipment-independent recipe into a
complete master recipe.

3.3 process procedure chart (PPC):
a method for the graphical representation of equipment-independent recipes.

3.4 product family:
a set of produced materials that are related by manufacturing business policy.

3.5 product 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
describe the equipment-independent processing requirements to make a specific product. Master/control
recipes describe the specific actions required with specific equipment to make a batch of product.

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

4.2 General and site recipe description

4.2.1  Manufacturing information

General and site recipes are sources of information for the development of process cell-specific master
recipes. Their purpose is to describe manufacturing information without regard to specific manufacturing
equipment. They describe, in manufacturing terms, the materials, equipment requirements, chemical
transformations, and physical transformations required to manufacture a product.

4.2.2 Multiple site definitions

General and site recipes are intended to define processing requirements that can be carried out in differently
constructed process cells and that can be valid in multiple areas and multiple sites, as shown in figure 1. In

some circumstances, general recipes can even be used to convey product-manufacturing information across
multiple enterprises.
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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

One Site Recipe per site and produced

/ i \ material, maintained at the site for local
materials, language, or segment of
ooog| ([ooog] [oooo production.

Site Site Site For example, 10,000 site recipes for 10 sites
e R R | e One Master Recipe per Process Cell
K H % - | and produced material.
e .
e - For example, 50,000 master recipes for
5 process cells per site.
Process Cell Process Cell Process Cell

One Control Recipe per batch.
For example, 1,000,000 batches per year.

s I — Describes the custom options and formula
:33 :33 :aa values for one specific batch of product.
Figure 1 - Recipe hierarchy e xample

There are generally fewer general and site recipes in a manufacturing enterprise than master recipes. For
example, a small specialty chemical company can have 1,000 general recipes, and 10,000 site recipes for 10
production sites. The company can have 50,000 master recipes, assuming an average of 5 process cells per
site that can manufacture the products. Large companies can have thousands of products and millions of
master recipes. A single change to a general recipe can result in changes to hundreds of master recipes.

4.2.3 Expansion and collapsing of the recipe type hierarchy

The general and site recipe hierarchy can be expanded or collapsed to meet an enterprise’s needs. For
example, a company might only have general recipes and not site recipes. Alternately, a company could
include another level of equipment-independent recipes below the site recipe that is specific to an area within
a site.

4.3 Equipment-independent recipes

4.3.1 Equipment-independent recipe 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.

11
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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-
independent recipe.

Development of equipment-independent recipes is typically an iterative process so there will be feedback
loops throughout both processes. For simplicity, the multiple feedback loops have not been shown in figure 2
and figure 3.

4.3.3 Input to trial or pilot production

Figure 2 illustrates the activities associated with the generation and use of equipment-independent recipes as
an input to trial or pilot plant production.

In this usage scenario, a company generates equipment-independent recipes that are the definitions given to
the trial or pilot plant operation. The equipment-independent recipes are converted to master recipes that
match the pilot plant equipment layout and the process is scaled up and validated.



Develop
Product Synthesis
Description

R&D
Product Synthesis
Description

Global Material
Specifications

Create
General
Recipe

Global Process
Action Definitions

General Recipe

Convert and
Validate in
Trial Facility

Trial Facility
Mapping Rules

Approved
General Recipe
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Other Global
Specifications

Global Equipment
Property Definitions

Modify
General
Recipe

Trial
Master Recipe

Figure 2 - Pilot plant creation of equipment-independent recipe

4.3.4  Output from trial or pilot production

An alternate method for equipment-independent recipes development is the creation of an equipment-
independent recipe after the scaleup and verification of the process in a trial or pilot facility, as shown in figure
3. In this model a final equipment-independent recipe is generated after the scale up and verification of the
process in a trial or pilot facility. 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.

13
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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 Recipe

Global Material
Specifications

Other Global
Specifications

Global Process
Action Definitions

Global Equipment
Property Definitions

Approved
General Recipe

Figure 3 - Equipment-independent recipe from pilot plant development
4.3.5 Control of equipment-independent recipes
Equipment-independent recipes are usually tightly controlled because they represent the valuable, proprietary,
and unique intellectual capital of a company. It is important that equipment-independent recipes be managed
with formal procedures and adequate safeguards for change control.

4.3.6 Equipment-independent recipe process definition

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-
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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
information for a corporation. A site recipe defines all of the processing materials required to make a product,
or a portion of a product, at a site. It also contains information about the resources required to make the
product; information that can be useful for production and resource scheduling.

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

a) information about materials required to make a product, or a portion of a product
b) information about the resources required to make the product

In cases where site recipes are not used (e.g., all sites use the same general recipe), then for purposes of
scheduling the general recipe can be considered a site recipe.

Master recipes are needed for detailed scheduling of process cells and units, because these schedules require
knowledge of the specific equipment required.

4.3.9 Equipment-independent recipes and business information

Recipes correspond to product production rules, as defined in ANSI/ISA-95.00.01-2000. General and site
recipes correspond to equipment-independent product production rules; master and control recipes
correspond to equipment-specific product production rules.

Because a site recipe can be defined for many process cells, with different structures, it is often used as a
basis for site planning information, as specified in ANSI/ISA-95.00.01-2000.

There is an overlap of the information contained in a site recipe and the Bill Of Materials (BOM) used in
business systems to manage and schedule materials. This overlap is identified as a Manufacturing Bill in
ANSI/ISA-95.00.01-2000, and is made up of the site recipes’ process inputs. The site recipe can be the
source of information for the manufacturing bill. See figure 4.

There is an overlap of information in a site recipe and the Bill Of Resources (BOR) used in business systems

to schedule production. The overlap is defined as Process and Product Segments in ANSI/ISA-95.00.01-2000
and can correspond to the site recipe’s process stages and process operations.

15
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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

All materials required to produce a product at a
given site, including materials not related to
production (e.g. shipping materials)

Bill Of

R All resources, identified by scheduling, required to
esources

produce a product at a given site, including
information not related to production (e.g. material
order lead times)

Figure 4- Site recipe, BOM, and BOR information overlaps
4.3.10 Equipment-independent recipes for capability comparison

Equipment-independent recipes allow product-manufacturing specifications to be compared with equipment
capabilities. The generalized equipment and process requirements contained in an equipment-independent
recipe can be matched against definitions of site or process cell equipment capability to determine where a
product can be manufactured, to determine where parts of the product can be manufactured, or to determine
what additional equipment capability is required to manufacture the product.

4.3.11 Equipment-independent recipes as facility design specifications

Equipment-independent recipes are, by their very nature, a useful component of a facility design specification.
Equipment-independent recipes in their native form often are not directly usable as specifications, but they do
contain information required for a facility specification in a formal, understandable, and standard format.
Examples of the use of equipment-independent recipes for facility design include the following:

a) The collection of equipment-independent recipes formally defines the processing requirements and some
of the associated equipment requirements for the facility.

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

c) The formulas within the equipment-independent recipes precisely define the materials that are to 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) Recipes and anticipated production schedules, as defined in ANSI/ISA-95.00.01-2000, when combined
can be used to determine equipment capacities.

4.4  General recipes
441 Enterprise-wide definition

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 general recipe is an enterprise-wide recipe that serves as the basis for site and master recipes. It is created
by people with knowledge of both the chemistry and processing requirements for the product. It identifies raw
materials, their relative quantities, the required processing, and order of processing. It defines processing
capabilities required, such as cooling or heating, or generalized equipment requirements such as glass-lined
reactors. It does not define specific equipment that has to be used to implement processing, but it specifies
authorized types of equipment, usually when it is critical to the process described.

The general recipe is suitable across the entire enterprise. It contains the manufacturing requirements for a
particular material in terms that can be used by all sites that manufacture that material. It also can serve as
input for corporate production planning and standard costing.

4.4.2 Purpose of a general recipe

A general recipe is a corporate recipe that defines processing required to manufacture a single uniform
product at different manufacturing sites and cells. Possible variations between these manufacturing sites can
be in their plant topologies, raw materials, and degree of automation. A general recipe for a product might
only be created after a master recipe for the product has been proven in one or more sites.

A general recipe should not be generated by a chemist or formulator based only on their experience in
producing a product in a laboratory environment. It should be based on company-accepted definitions of
manufacturing capabilities and is often tested in a production environment before it is fully accepted.

4.4.3 General recipe information
4.4.3.1 Manufacturing information

General recipes contain manufacturing information, and cannot be complete until the manufacturing process is
well defined. They are typically developed during the scale-up verification of manufacturing and process
requirements at pilot plants or other process trial or scale-up facilities. General recipes contain references to a
company's basic manufacturing capabilities. Development of general recipes can also involve process
development as well as product development, as shown in figure 5. The general recipe provides a means for
unambiguously communicating processing requirements to multiple manufacturing locations.
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Figure 5- General recipes in a typical development function
4.4.3.2 Product development

Product development results in the definition of the product and product specifications. It includes definitions
of how to make the product, at least in laboratory scale. It results in basic understanding of the chemistry and
processing requirements peculiar to the product. Product development can result in equipment requirements
that are described in enough detail to define the type of equipment needed.

4.4.3.3 Process development

Process development results in the definition of the manufacturing processes required to produce the product
within product specifications. Process development takes into account the currently defined basic
manufacturing process definitions. If additional manufacturing processes are needed, for example because of
unique new chemistry that requires new process actions, then process development defines the new process
requirements.

4.5 Site recipes
451 Site-specific recipes

The site recipe is a type of recipe that is specific to a particular site. A site recipe is the combination of site-
specific information and general recipe information. Such things as the language in which it is written or local
raw material differences are accommodated as site-specific variances. It is usually not specific to a particular
set of process cell equipment.

A site recipe is usually derived 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 production
scheduling. 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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Typical 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.
These variations might include such factors as:

e Local regulations

Local language

e Local units of measure

e Local materials availability
e Local requirements

e Alternate raw materials

b) When production of a product defined by a general recipe is split across multiple sites, a site recipe may
only define the portion of a manufacturing process appropriate for the site.

c) Site recipes can be used to provide a site-level genealogy link to master recipes.
d) Site recipes can be defined locally for materials that are only produced and consumed at the site.
e) Site recipes can be used for site-costing purposes.

f) Site recipes can be used as a source of manufacturing specifications for matching against area and
process cell equipment capabilities.

g) Site recipes are a source of information about production requirements, material requirements, and
material ratios for the design of a production facility.

4,53 Site recipe policies

Site recipes are not always used. Their use is determined by a company's policy. If site recipes are used,
then a company should define a policy for control of the recipes. For example, a policy can be defined in
which a site generates its own site recipes that are not shared with other sites or corporate management, or a
site only receives site recipes generated for the site and never receives general recipes. An alternate policy
would allow sites to generate site recipes based on copies of approved general recipes.

4.6  Product families and product grades
4.6.1 Product definition

The Part 1 standard uses the term "product" to define the output of a process cell. The definition of 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
packaging processes are used.

d) A collection of produced materials that are defined by business rules rather than manufacturing rules, such
as for forecasting of demand.

4.6.3 Product grades

Product grades are collections of similarly produced materials with variations in properties. Typical
implementations of product grades use multiple recipes that all use the same procedure, but have different
formula values. In this situation there is one recipe per product grade.

In some cases a single recipe can also produce product grades. In this situation process variability or material
property variations produce a range of products that match various product quality specifications.

5 Equipment-independent recipe contents
5.1  Recipe information

General and site recipes are equipment-independent recipes. Equipment-independent recipes shall contain
the same categories of information as master and control recipes: header, formula, procedure, equipment
requirements, and other information as defined in the Part 1 standard.

5.2 Recipe life cycle states

Equipment-independent recipes shall have an associated life cycle state. The state information is used to
define the current state of the recipe definition.

The minimum set of equipment-independent recipe life cycle states that shall be supported is defined in
table 7.

There should be an association of the life cycle state of an equipment-independent recipe with the life cycle
states of the elements the recipe references (process actions, equipment requirements, and materials). There
should be a policy and process in place to ensure the life cycle states are consistent. For example, if the state
of a referenced material becomes “Withdrawn,” then the state of all recipes referencing the material are made
“Withdrawn.”

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).

Material definitions and material class definitions should be maintained in a material definition library to ensure
that only valid material definitions are used in equipment-independent recipes.

A material definition shall have an associated state. The state information is used to define the life cycle
status of the material definition, and the life cycle state of equipment-independent recipes using the material
definitions.

The minimum set of material definition and material class states that shall be supported are defined in table 7.
5.5 Recipe procedure

5.5.1 Process model

The procedural part of an equipment-independent recipe is defined according to the process model described
in the Part 1 standard.

5.5.2 Process hierarchy

An equipment-independent recipe procedure shall define a process as a set of one or more process stages.
Stages are comprised of process operations, and process operations are comprised of process actions.
Figure 6 illustrates this hierarchy.

A Procedure defines a Process that is made up of

Procedure anordered set of one or more Process Stages

A 4
Process
Stage

A Process Stage is made up of an ordered
set of one or more Process Operations

A Process Operation is made
up of anordered set of one or
more Process Actions

Process
Ll Operation

A
Process
L 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 Ideal procedure for manufacture

The sequence of process stages, process operations and process actions define an ideal procedure for the
manufacture of a successful product. Exception logic or exception conditions are generally not specified in the
procedure definition, but can be specified in the recipe’s other information.

5.5.4 Process stage

A process stage defines a part of a process that usually operates independently and usually results in a
planned sequence of chemical or physical changes in the material being processed. Process inputs and
process outputs depicted in a recipe should always be identified resources or materials. In the case where a
process output from one stage is a process input to another stage, this material is called a process
intermediate and does not need to be otherwise identified. Process stages can generate multiple process
outputs or process intermediates.

5.5.5 Process operation

A process operation is a major processing activity that is defined without specification of the actual target
equipment configuration and usually results in a chemical or physical change in the material being processed.
Process operations are generally defined based on chemical or physical considerations. Some reasons for
process operations are:

a) As a natural organizational structure to identify major processing steps

b) As an identification of possible operation boundaries for subsequently generated master recipes

c) To identify equipment requirements for actions within the operation.

Process operations are presumed to operate in sequence on the material defined in the process stage.

5.5.6 Process action

A process action is a minor processing activity, such as grind, cool, heat, delay, test or mix. Many actions are
simply the addition of material, removal of material, addition of energy, or removal of energy.

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 all vessel and pipe lining are free of nickel. Another example could be a concern that the material is shear
sensitive, and there could be an equipment constraint specifying that any target equipment has low shear
properties.

5.5.8 Process stage guidelines

5.5.8.1 Identifying characteristics

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

5.5.8.2 Process-related guidelines

a) A process stage usually describes a major physical or chemical function in a manufacturing process, such
as grinding, mixing, chemical synthesizing, fermenting, and packaging.

NOTE: This may even be considered the primary characteristic used in defining a process stage.
b) A process stage can lead to the production of more than one material.
NOTE: For example, a process stage involving separation may produce multiple primary materials.

c) A process stage can usually be associated with some major transformation of the material, and can be
identifiable as a way to implement a specific named chemical reaction.

NOTE: This is a secondary defining characteristic, but it does have meaning to chemists who have to interpret general recipes.
d) A process stage deals with a single collection of material.
e) Materials have to be operated on independently.

NOTE: Materials in separate stages can be assumed to be independent (not reacting) with the other materials until the materials are
combined through specific process actions.

f) Materials 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 cawvenient 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.

b) Different parts of the equipment-independent recipe can eventually be carried out on different sites,
requiring the intermediate material to be transported between sites.

NOTE: Part of the definition of a site recipe is as the subset of a general recipe that can be implemented on a site. Process stages
provide a convenient organization structure for splitting a general recipe into multiple site recipes. One or more stages can then be
implemented 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 company and possibly have to be identified and
inventoried for tax or accounting purposes. Many intermediates can also be final products and are either sold or used based on customer
demand.

NOTE 2 — Process stage boundaries can be used to identify inventoried intermediates.

d) Intermediate materials can be purchased instead of produced, so that part of the equipment-independent
recipe would not need to be transformed into a segment of a master recipe.

NOTE: Process stage boundaries can be used to identify intermediates that can be obtained locally instead of being produced.
e) The same intermediate materials can be used in multiple products or general recipes.

NOTE: A library of process stages can be developed for commonly used intermediate materials. Many companies generate hundreds of
products based on a much smaller number of common intermediates.

f) The production of intermediate materials has to be separately planned and scheduled.

NOTE: If the production of intermediates takes significant time, or uses constrained resources, then process stages can be used to identify
process breakpoints to balance workload on capacity-constrained equipment.

5.5.9 Process operation guidelines

5.5.9.1 Identifying characteristics

Process operations make up process stages. These are major processing events that carry the batch through
a chemical or physical transformation. Process operations are closely related to the traditional chemical

engineering 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
recipes. Test points and decision points are often associated with delays while tests are run. The process
operation provides a convenient boundary for test points.

f)  Common process operations can be defined and used in multiple recipes.
5.5.9.3 Non-process-related guidelines

a) Process operations can be defined to simplify transformation of an equipment-independent recipe to
master recipes. The process operations can be used to define the boundaries of master recipe unit
procedures or operations. This can be information used by people generating master recipes, or
information used by automated conversion facilities.

b) Process operations can be defined to segment a long process stage. They serve as bookmarks or
chapter headings to break up a long series of actions.

c) Process operations can be defined because activity-based cost accounting needs finer granularity than is
provided by process stages.

d) Process operations can be defined as a boundary condition so that the resultant target equipment can be
reconfigured between master recipe operations.

5.5.10 Process action guidelines
5.5.10.1 Identifying characteristics

This section aids in the identification of process actions. It focuses on the identifying characteristics of process
actions and is meant as guidelines for identifying process actions.

5.5.10.2 Process action library

Process action definitions should be maintained in a process action library in order to ensure that only
accepted and broadly understood process action definitions are used in equipment-independent recipes. In
this context, the term library is used to indicate the collection of available process action definitions, and not
meant to imply any specific storage or management mechanism.

Before any recipe can be written, the basic building blocks have to 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

25



DD IEC PAS 61512-3:2004

26

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 minimum set of process action states that shall be supported is defined in table 7.

5.5.10.4 Process action elements

Process actions in the process action library shall have the minimum set of properties defined in table 1.

Table 1- Process action properties

Property Property Description
Unique Identification Used to identify the specific process action and version of the process
action.
Functional Description Used to describe the intent of the action.
State Used to define the life cycle state of the process action definition.
Parameters Used to optionally parameterize each specific use of the process
action in a recipe.

5.5.11 Process action types
5.5.11.1 Environment setting actions

There are process actions that alter processing conditions: the environment within which processing occurs.
This environment is typically defined in terms of temperature, pressure, mixing state and other processing
conditions. There are at least two alternatives to setting the environment of the process, using either a non-
persistent or a persistent model. Whichever model is chosen, it is necessary to unambiguously communicate
it to those who interpret the equipment-independent recipe to generate master recipes.

5.5.11.2 Non-persistent actions

The non-persistent model defines process actions that define the environment only when they are active. In
this model a mechanism is needed to document the parallel execution of process actions. In the example
shown 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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Figure 7- Non-persistent process actions
5.5.11.3 Persistent actions
The persistent model defines process actions that set the environmental conditions that are maintained until
altered by another process action or external command. In the example shown in table 2, using a table
format, the heating and mixing are on during the CHARGE, WAIT, CHARGE, and TEST actions. In this

example, the process action “MIX ON” starts mixing and continues mixing until the process action “MIX OFF”
is reached, and “HEAT ON” starts heating and continues until the process action “HEAT OFF” is reached.

Table 2 - Persistent process action table format example

Sequence Sequence Process Operation or Process Material
Order Path Action

4} 0 CHARGE OPERATION

dL 0 HEAT ON

dL 0 MIX ON

.@, 0 CHARGE Material A, 25%

dL 0 WAIT

4} 0 CHARGE Material A, 75%

.@, 0 TEST

.@, 0 HEAT OFF

dL 0 MIX OFF

5.5.11.4 Adding 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

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

Charge Add the specified material. There is no Material To Add
rate constraint on the material addition. A Add
Usually used where there is no mount to
expected chemical reaction.
ChargeAtRate Add the specified material at the Material To Add
specified rate and tolerance. Usually
used when mixing is required or too 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 Material To Add

Amount to Add
Maximum Temperature
Minimum Temperature

Temperature Tolerance

5.5.11.5 Removing materials

There are process actions that remove materials from the process. These can be parameterized and there
can be different actions depending on how the material is to be removed. Table 4 lists some example process

actions for material removal.

Table 4 - Material removal process action examples

Process Action Name Functional Description Parameters
Dry Dry the material to remove any water or Material To Remove
other safely evaporated materials.
4 a Expected Amount Removed
Minimum Temperature
EvaporateSolvent Remove a solvent through evaporation. Material To Remove
The solvent is to be retained and not £ dA R d
dispersed into the atmosphere. xpecte . mount Remove
Evaporation Temperature
FilterSolids Remove solids. Material To Remove
Expected Amount Removed
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5.5.11.6 Adding energy

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 Induce energy to flow into the material. Final temperature
HeatProfile Control the rate at which energy is Rate to heat

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

profiles. Holding time

Holding temperature

5.5.11.7 Removing energy
There are process actions that remove energy from the process. These can be parameterized and there can

be different actions depending on how the heat is removed. Table 6 lists some example process actions for
energy removal.

Table 6 - Energy removal process action examples

Process Action Name Functional Description Parameters
Cool Induce energy to flow out of the material Final temperature
CoolProfile Control the rate at which energy is Rate to cool

removed from the material. There can
be one or many sets of parameters for
different profiles. Holding time

Holding temperature

5.6 Equipment requirements

5.6.1 Requirements of final manufacturing equipment

Equipment requirements are a statement of the specific requirements of the final manufacturing equipment
necessary to bring about the process activities, as well as to document certain important attributes of the
equipment needed in this process.

5.6.2 Equipment selection

An important reason for having equipment requirements in the recipe is to assist in selecting suitable
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
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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.

Equipment requirement definitions in the equipment requirement definition library shall have an associated life
cycle state. The state information is used to define the life cycle state of the equipment requirement definition,
and the life cycle state of equipment-independent recipes using the equipment requirement definitions.

The minimum set of equipment requirement definition life cycle states that shall be supported is defined in
table 7.

5.7  Other information

A general recipe is a container of production information required for manufacturing, including the process
definition, material identification and amounts, material quality information, and references to test definitions
and test standards. Examples of other information often included with equipment-independent recipes are:
a) Spreadsheets detailing known process sensitivity models

b) Complete process models

c) Pictures of good products

d) Pictures of bad products and possible failure reasons

e) References to test methods and test specifications

f) References to material data safety sheets

g) Additional health and safety information

h) Packaging information

5.8 Life cycle states

Life cycle states for equipment-independent recipes, process action definitions, equipment requirement
definitions, material class, and material definitions are defined in table 7.

The life cycle 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 use.

Withdrawn Indicates that the element definition is no longer effective and is not
available for use.

6 Equipment-independent recipe object model

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.

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. All copies of this section of the standard made or distributed under this license must cite
the standard and include the following notice of copyright:

Copyright © 2003 by ISA - The Instrumentation, Systems, and Automation Society. All rights reserved.
Used with permission of ISA.

6.1 Introduction

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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Object model

Modeling techniques

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.

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

The object model for equipment-independent recipes is shown in figure 8. The main elements are equipment-
independent recipes, an equipment requirement library, and a material definition and class definition library.

Figure 8 - Equipment-independent recipe object model
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Object relationships

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

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

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

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

An equipment-independent recipe contains a process procedure definition.

An equipment-independent recipe has zero or more sets of other information (e.g., SOP, safety
information, exception information, and personnel requirements).

An equipment-independent recipe contains one or more process inputs; at least one process input is a
material.

An equipment-independent recipe contains one or more process outputs; at least one process output is a
material.

An equipment-independent recipe contains zero or more process parameters.

A process procedure contains one or more process elements.

A process element defines zero or more equipment requirements.

A process element can either be a process action, a process operation, or process stage.

A process element corresponds to a process element specification.

A process element library is made up of process element specifications.

An equipment requirement library is made up of equipment requirement elements.

An equipment requirement corresponds to an equipment requirement element. Equipment requirements
may be defined and maintained in terms of equipment class properties, as defined in ANSI/ISA-95.00.02-
2001.

A process element has zero or more percentage of use of a process input.

A process element has zero or more percentage of production of a process output.

Process inputs and process outputs correspond to material classes or material definitions.

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

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) Current Status: the current life cycle state of the element definition.

b) Author Name(s) or Initials: an identification of the authors of the element definition.

c) Owner Name or Initials: an identification of the person or position with ownership of the element definition.
d) Approver Name(s) or Initials: an identification of the approving persons for the element definition.

e) Approval Date: the date and time of the final approval of the element definition.

f) Issue Date: the date and time the element definition was released.

g) Effective Date: the date and time the element definition becomes (or became) effective.

h) Withdrawal Date: the date and time the element definition was withdrawn.

i) Replaces Version: the version of the element definition that was replaced when the element definition
became effective.

6.5.2 Equipment-independent recipe

An equipment-independent recipe is a recipe entity (see the Part 2 standard, Clause 4.3.1) that is a superclass
of site and general recipes. An equipment-independent recipe has a life cycle state.

There may be other types of equipment-independent recipes used within a company, but those are outside the
scope of this PAS.

6.5.3 Equipment requirement
An equipment requirement 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 Material definition library

A material definition library contains material definitions or material classes that are used in the construction of
an equipment-independent recipe.

There may be additional material definitions in the material definition library that are not part of the BOM
exchanged information defined in ANSI/ISA-95.00.01-2000. For example, a material solution (50% water,
50% caustic) may be defined in the material definition library and used in recipes. The solution can be made
up at the sites, and only the components, not the solution, are listed in the Bill Of Material corresponding to the
recipe.

6.5.9 Other information

Other information is recipe information that contains support information that is not contained in other parts of
the recipe (e.g., regulatory compliance information, materials and process safety information, process flow
diagrams, packaging/labeling information).

See the Part 2 standard, Clause 4.3.2 for additional definitions.

6.5.10 Percent input

Percent input defines the percentage of a process input associated with a process element.

Material balancing in a recipe may include a check that the sum of all percent inputs for each material is 100%.
6.5.11 Percent output

Percent output defines the percentage of a process output associated with a process element.

Material balancing in a recipe may include a check that the sum of all percent outputs for each material is
100%.

6.5.12 Process procedure

A process 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 element link

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

6.5.17 Process element specification

A process element specification is an entry in a process element library that defines an allowable process
element. A process element specification has a life cycle state.

6.5.18 Process input

A process input defines a material that is used as an input in production of a product.
6.5.19 Process operation

A process operation is an ordered set of process actions.

6.5.20 Process output

A process output defines a material that is produced as a result of production of a product.
6.5.21 Process parameter

A process parameter defines non-material information that is associated with the recipe. See the Part 2
standard, Clause 4.3.2.

6.5.22 Process stage
A process stage is an ordered 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 Part 2
standard, Clause 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. All copies of this section of the standard made or distributed under this license must cite
the standard and include the following notice of copyright:

Copyright © 2003 by ISA - The Instrumentation, Systems, and Automation Society. All rights reserved.
Used with permission of ISA.

7.1 Process procedure chart

An equipment-independent recipe shall be represented as a process procedure chart (PPC), showing the
process input materials, process output materials, and intermediate materials. Process stages are
represented by annotated rectangles in the diagram notation. Process operations and process actions may
also be represented by rectangles in the diagram notation, or as rows in the table notation.

Annotated lines connecting the annotated rectangles indicate intermediate materials. Annotated lines pointing
to the annotated rectangles represent process inputs. Annotated lines leading from the annotated rectangles
represent process outputs.

Figure 9 illustrates the stage representation of a sample equipment-independent recipe. The PPC notation is

derived from the NAMUR 33 Guideline - Requirements of Systems for Recipe Control (see Annex D
reference).
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Figure 9 - Example stage PPC for an equipment-independent recipe
This clause defines a method for graphical representation of equipment-independent recipes. The
representation of the process is called a Process Procedure Chart (PPC). This clause also addresses
requirements for representation of formula, equipment requirements, header and other information.

The PPC language as defined in this PAS is designed to support recipes with complex processes (e.g.,
independent stages, parallel actions) that vary from one product to another.

7.2  Process procedure chart notation

7.2.1  Symbols and links

Process procedure charts depict the dependencies of materials and actions required to manufacture one or
more output materials. It uses a series of symbols. The symbols are interconnected by directed links to define
the sequencing dependency of the elements.

7.2.2 Process procedure chart symbols

7.2.2.1 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 process procedure chart represents:

a) A diagram of an equipment-independent recipe’s procedure, consisting of process stages and their
dependencies.

b) A diagram of a process stage, consisting of process operations and their sequencing.
c) A diagram of a process operation, consisting of process actions and their ordering and sequencing.

Each diagram shall have an indication of the level the diagram represents, procedure, process stage, or
process operation.

7.2.2.3 Stages, operations, and actions
An annotated rectangle shall be used to represent a process stage, a process operation, or a process action.

The basic stage symbol is a rectangle with the element name enclosed, as shown in figure 10. The rectangle
may be annotated with information indicating additional information about the element.

Stage, Operation, or Action Name

%
Name | ... Stage, Operation, or Action Representation
E\n—: LS S - _.-- Equipment Requirement Indication

e men Indication of Underlying Elements

Figure 10 - Recipe process element symbols
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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|1L|12

Figure 11 - Annotation for stage or operation elements
7.2.2.5 Equipment requirement indication

An indication may be used within a stage or process operation symbol to indicate how many equipment
requirements the stage contains. If an indication is used, then it shall be in the lower right corner of the
enclosing symbol. The indication may be numeric, graphical, or a combination. If a graphical figure is used it
shall be a clipboard symbol, as illustrated in figure 12. Figure 12 illustrates an equipment requirement
indication annotation comprised of an identifying graphical symbol and a numerical count of requirements.

o]

Figure 12 - Equipment requirement indication
7.2.2.6 Process annotation

An annotation may be used to include additional process, equipment, or other information of importance. If a
process annotation is used then the annotation shall be associated with an object or with the encapsulating
process definition. Figure 13 illustrates an example process annotation that could be placed on a process
definition diagram.

Process Note:

Make sure that process
temperature is maintained
between ring expansion
and hydrolysis

Figure 13 - Example process annotation indication
7.2.2.7 Process input

A process input (as defined in the Part 1 standard) shall be represented by the symbol show in figure 14.

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
Density 1.42

Figure 15 - Process input symbol with material identification
For cases where large numbers of process inputs are required, a process input symbol may represent more
than one material. If more than one material is represented, then the number of materials represented is

indicated inside the process input symbol. The same symbol annotation may be used for process
intermediates and process outputs symbols.

Figure 16 - Sample process input symbol representing multiple materials

7.2.2.8 ldentified intermediate

An identified process intermediate shall be represented by the symbol shown in figure 17.

Q

Figure 17 - Process intermediate symbol

An intermediate symbol may be annotated with the identification of the produced and consumed resource
name, material definition or material class. A process intermediate 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).

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

Figure 18 - Unidentified intermediate material symbol
7.2.2.10 Process output

A process output (as defined in the Part 1 standard) shall be represented by the symbol shown in figure 19.

5

Figure 19 - Process output symbol

A process output symbol may be annotated with the identification of the produced resource, material definition,
or material class. A process output 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 20 illustrates a process output symbol with an optional material
identification and material property information.

Material ID XGH435
Nominal pH 7.0
Color Yellow
Density 1.35

Figure 20 - Process output sy mbol with material information

For cases where large numbers of process outputs are required, the process output symbol may represent a
list of materials.
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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 symbol
7.2.3.2 Start of parallel execution
On a process operation diagram, when parallel actions are required, the start of parallel execution shall be
indicated by arrowheads that point to a double horizontal line, with a line for each 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 action at the head of the arrows start.

!
vy

Figure 22 - Start of parallel execution symbol

7.2.3.3 End of parallel execution
On a process operation diagram, when parallel actions are required, lines leading to a double horizontal line,
and a single line leading from the double horizontal line shall indicate the end of parallel execution. The

actions at the tails of the arrows pointing to the double horizontal line are completed before the action at the
head of the arrow starts.

v

Figure 23 - End of parallel execution

7.2.3.4 Start of optional parallel execution

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
v
| add1 | | add4 | | add5 | | add6 |
A A A

Figure 25 - Alternate execution paths for optional parallel execution
7.2.3.5 End of optional parallel execution
On a process operation diagram, when optional parallel actions are defined, lines leading to a dashed double
horizontal line with a right pointing arrowhead, and a single line leading from the double horizontal line shall
indicate the end of optional parallel execution. The actions at the tail of the arrows pointing to the double

horizontal line are completed before the action at the head of the following arrow starts. The end of optional
parallel symbol is shown in figure 26.

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

7.2.4.1 Single network

All 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

Valid PPCs shall start with one or more process inputs.

7.2.4.3 Process outputs

Valid PPCs shall end with one or more process outputs.

7.2.4.4 No loop dependency

Valid PPCs shall have no loops of material dependencies. For example, a process output from a process
element cannot also be a direct input to the same or a previous element. When recirculation is needed it can
be accomplished through the use of process inputs and process outputs identifying the same resource or
material.

Because a PPC defines ideal production, a loop in a PPC would imply that a material needed for generation of
a material is actually one of the materials generated. There is no starting point in the recipe in this situation.
When this is needed in practice it is usually done by feeding part of one batch into the next batch. In this case
the material definition may be the same, but the material lots are usually different. In a PPC this is
documented by the use of the same material as a process input and a process output.

7.3  Process hierarchy

7.3.1  Process operation and process action depiction

Process operations and process actions may be represented in a graphical format, as shown in figure 27 and
in figure 29, or in a tabular format, as shown in table 8. Complex definitions, with significant parallel
sequences, are usually best represented graphically. Definitions that are primarily sequential are frequently
represented in the table format. The table format supports the definition of limited parallelism and sequences
within parallels.

In the graphical representation, process operations have similar representations as process stages.

In the graphical representation, process actions have similar representations as process stages, but without
the equipment requirement annotations.
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Figure 27 - Graphical representation example
7.3.2 Table representation
7.3.2.1 Tabular format

The process operations and process actions within a process stage may be represented in a tabular format, as
shown in table 8.
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Sequence Sequence Operations & Actions Material Definition
Order Path
5 0 PREMIX OPERATION
5 0 CHARGE Material M7
5 0 MIX
5 0 HEAT OPERATION
5 0 CHARGE Material M8
5 0 HEAT
% 0 SEPARATE Material M9

This table representation also allows the definition of sequential and parallel paths through annotation of each

row.

7.3.2.2 Table position and sequence order column

The order of execution shall be from top to bottom, unless modified by the sequence order symbol and
sequence path value. The sequence order symbol indicates sequential execution, parallel branches, or
sequential execution under parallel branches. The sequence order symbols shall be indicated as shown by
figure 28. The use of symbols within the table format allows simple parallel constructs to be quickly
interpreted. Table representation of complex sequences of parallels and nested parallels are not defined in

this standard.
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% First in first series under a parallel (first action in first path)

Single action at end of parallel (only action in path)

Figure 28 - Sequence order annotations for table representation
7.3.2.3 Sequence path
The sequence path column shall indicate the sequence within a set of parallel sequences. Sequences should
be numbered sequentially, starting from the left. All actions under the same sequence path execute
sequentially.

7.3.2.4 Operations and actions

The operations and action column shall contain the name of the corresponding process operation or process
action, one row per operation or action.

7.3.2.5 Material definition

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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Figure 29 Sample process operation as graphic

The sequential paths defined in figure 29 are identified by the circled paths shown in figure 30.

Path 2 Path 3
. Charge op I
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: wait [ add |\ ; hold
l ] \ v
Il\ * "l \\ /’/\\
\ | add | P I S
\\ ,/ /‘
\ * i v 1
S v
) int
Path1 M Path 4

Figure 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
1 1 ADD Material M7
\
|V| 1 WAIT
| A4 | 1 ADD Material M6
| 2 HEAT
|€| 3 REACT
| A4 | 3 ADD Material M9
4 4 MIX
I~~1 4 HOLD
==
~ 0 INTER

7.3.4 Non-procedural equipment-independent recipe information

All other information that is part of an equipment-independent recipe shall be related to a specific element or
symbol in the equipment-independent procedure.

This standard purposely does not specify how that relationship or reference is implemented. In a pencil and
paper implementation, for example, the reference might be accomplished with something similar to a footnote,
or the information might 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 implementation
of choice. 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

Header information and the “other information” category of recipe information can be related to the recipe in
general (e.g., recipe ID, regulatory status) or to specific recipe procedural entities (e.g., protective equipment
requirements, hazards of chemicals information). All header and ‘other information’ should be able to be
represented in its entirety or associated with the procedural entity to which the information is related.

8 Transformation of equipment-independent recipes to master recipes
8.1  Source of information for master recipes

Process engineers use the information from an equipment-independent recipe to construct one or more
master recipes for each process cell. This transformation takes the process definition defined in the
equipment-independent recipe and maps it to the specific equipment available in the process cell. The
equipment-independent recipes provide the basic information that is required to build master recipes.

Transformation is performed as a set of engineering tasks, usually with formal definitions and processes.
Transformation can be an entirely manual process, a partially automated process, or an entirely automated
process depending on the availability of formal definitions and appropriate tools.

8.2 Element mapping

In some cases there is a one-to-one correspondence between a process stage and a unit procedure, a
process operation and an operation, and a process action and a phase. However, many other mappings are
possible. For example, a single process could be accomplished in multiple units or process cells, through
multiple unit procedures or master recipes, based on the availability of the required processing on actual
equipment. Likewise, multiple process stages could be combined into a single unit procedure during
transformation to a master recipe. In some circumstances a single process action results in the generation of
a complete master recipe. These transformation options are based on the element mapping into target
equipment.

8.3  Stage-to-unit procedure mapping

Figure 31 illustrates some of the complexity of transformation for a simple equipment-independent recipe,
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.
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Figure 31 - Possible general-to-master recipe mappings
8.4  Transform components
8.4.1 Master recipe component

The first step in formalizing the transformation process is the definition of transform components. A transform
component is a component of a master recipe, made up of a specifically ordered set of recipe phases and/or
recipe operations, that define a way to implement a single process action on a single class (or instance) of
equipment. There should be a library of transform components that can document the best practices for
implementing process actions on specific equipment. Multiple possible transform components can be defined
for a given process action to be implemented using an equipment element, but some defining characteristics,
such as execution time or cost, can be used to select the appropriate transform component.

8.4.2 Transform components for material transfers

Additional transform components can be defined that document the best practice for acceptable material
transfer between units. There are no material transfers defined in general recipes. Material transfers have to
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, fastest batch, or least energy).

8.5 Transformation tasks
8.5.1  Equipment determination

Once master recipe transform components are available, the next tasks in transformation are the
determination of the equipment that can:

a) Perform the process action (there is a transform component defined for the equipment).
b) Meet the equipment requirements defined in the encapsulating process stage or process operation.

c) Meet the material entry requirements of the action, operation, or stage (there is a means to get the
material into the equipment selected to perform the action).

d) Meet the material exit requirements of the action, operation, or stage (there is a means to get the material
out of the equipment selected to perform the action).

These result in the selection of equipment paths that (a) meet the above requirements, and (b) have valid
material transfer paths between the units. These tasks also involve selection of one of the material paths and
can be based on various optimization information sets known about the equipment or process.

8.5.2  Using non-procedural information in transformation

Non-procedural recipe information includes process parameters, equipment requirements, process input
information, process output information, percent input information, or percent output information. This
information is usually required in creation of master recipes. For example, the input and output material
identifications from the equipment-independent recipe will typically be mapped to master recipe parameters or
formula values.

Transformation thus involves taking non-procedural information from the equipment-independent recipe and
merging it into master recipe parameters such as material definitions, setpoints or limits. The non-procedural
information used in the mapping should be associated with the master recipe transform component, not with
the equipment-independent recipe. There is usually no way to know all of the various options that will be
available in the master recipe transform components when the equipment-independent recipe is 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 performed at any level of the
equipment-independent recipe procedural hierarchy. The mapping could occur at different levels, such as a
process operation to a master recipe phase, or a process action to a master recipe operation.

8.6.2 Process action to master recipe phase mapping

Transformation can be done through the lowest level, the process actions, as shown in figure 32. In this case
the process actions correspond to an ordered collection of master recipe phases that are merged into a final
master recipe. This can be the simplest case of transformation where there is a one-to-one or one-to-many
association from a process action to phases.

—————————————————————————————————————————————————————————————————————————————

For Each Target Equipment Set

Equipment i Master Recipe Master Recipe!
Independent Recipe i Transform |
Component
Process
775 an ordered set of
Process ;
Stages | Procedure
775 an ordered set of i is an ordered set of 1
Process | Unit
Operations | Procedures
775 an ordered set of i is an ordered set of T
Process .| Recipe Operations
Actions May be implemented | | Component P
throth one OIT more i 775 an ordered set of is an ordered set of T
master recipe
components on target :
. Phases Are merged into N Phases
equipment a master recipe

Figure 32 - Transform through process actions



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

equipment.

Equipment
Independent Recipe

Process

is an ordered set of

Process
Stages

is an ordered set of

Process
Operations

is an ordered set of

Process
Actions

May be implemented
through one or more;
master recipe |
components on target
equipment

For Each Target Equipment Set

. Master Recipe

Transform
Component

Recipe
Component

is an ordered set of

is an ordered set of

Are merged into

Master Recipe !

Procedure

Unit
Procedures

is an ordered set of

Operations

is an orde

red set of

Phases

a master recipe

Operations

is an ordered set of

Phases

Figure 33 - Mapping of a process action to one or more operations
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8.6.4 Process action to master recipe unit procedure mapping

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 | Master Recipe Master Recipe :
Independent Recipe i Transform 5
. Component
Process P
__is an ordered set of
Process Recipe Procedure
Stages Component
__is an ordered set of __is an ordered set of is an ordered set of__
Process Unit Are merged into Unit
Operations Procedures | & Masterrecipe | procedures
__is an ordered set __is an ordered set of is an ordered set of__
Process May be implemented . .
Actions through one or more | Operations Operations
master recipe ! == —_
components on target5 is an ordered set of is an ordered set of
equipment |
Phases Phases

Figure 34 - Mapping of a process action to one or more unit procedures
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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

For Each Target Equipment Set

Equipment | Master Recipe Master Recipe !
Independent Recipe . Transform =
Component
Process

is an ordered set of

Process § Procedure
Stages |

__is an ordered set of is an ordered set of

i > Component Procedures

Operations May be implemented g g
through one or more is an ordered set of is an ordered set of
master recipe Are merged into
components on target | | Operations | a master recipe | Operations
equipment
is an ordered set of is an ordered set of
Phases Phases

Figure 35 - Mapping of a process operation to one or more 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.

Equipment
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is an ordered set of
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Figure 36 - Mapping of a process stage to one or more unit procedures
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Annex A (informative) - General and site recipe benefits

General recipes bring the following benefits to enterprises:

They provide a uniform format for description of all products. This allows all parts of an enterprise that are
involved in new product development and introduction (NPD&I) processes to share a common definition of a
product. This reduces errors, conflicts, and misunderstandings in the NPD&I processes.

They provide a uniform presentation of recipes, allowing pilot, trial, and production facilities to operate from the
same definition. In addition, general recipes provide an unambiguous way to disseminate comprehensive
processing requirements to multiple plants worldwide.

They provide a common object model for the entire business, allowing easier integration with business ERP
(enterprise resource planning) systems, supply chain management (SCM) systems, Product Life Cycle
Management (PLM) systems, and production execution systems.

The formal definition of product definitions, process actions, and equipment requirements allows for a
reduction of cycle time between conversions of general recipes to master recipes.

A standard representation minimizes languages differences when recipes must be exchanged across country
and language boundaries.

General recipes provide faster technology transfer from research and development (R&D) to manufacturing,
and from pilot to production due to unambiguous information definitions. General recipes will allow faster
introduction of modifications into production, with associated cost savings because of ability to substitute
materials quicker.

The common definition allows parts of the general recipe (formula, material definitions, processing
requirements) to be reused.

The formal definition of product definitions, process actions, and equipment requirements allows for a
programmatic or standard translation to master recipes. This also makes site determination easier, by
allowing automated determination of suitability for manufacturing. Site capabilities can be quickly matched
against production requirements to determine where a product is capable of being made, where parts (stages)
are capable of being made, or what additional production capabilities are needed to allow production.

General recipes facilitate consistent manufacturing models and metrics across all facilities. This allows

comparison of costs, time and quality at process stage and process operation boundaries. This results in
reduced plant-to-plant variability and lower cost sourcing.
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Annex B (informative) — General and site recipes in the enterprise

The recipe model defined in the Part 1 standard has been widely accepted as the preferred method for
implementing flexible manufacturing within the manufacturing industries. This success has caused the same
model to be applied in more areas of a company than it was originally designed to accommodate. While the
model has been found to fit other areas, there has been a confusion regarding naming and functionality. This
has been particularly apparent in the integration of ERP and scheduling systems with batch automation
systems. To avoid future confusion, this annex defines the relationship of general and site recipes to other
information sets used in a manufacturing enterprise.

The recipes described in the standard define manufacturing information. However, the information contained
in these recipes must often be mirrored in other information sets required to operate a manufacturing
enterprise. Figure B1 illustrates the concept that information may be obtained from a general recipe for use in
multiple other business processes.

Author
General
Recipe

Recipe

Extract Extract Extract Extract
Schedule Costing Quality Purchasing
Info Info Info Info

Add Add Add
Schedule Costing Purchasing
Data Data Data

Schedule Costing Quality Bill Of
Routings Information Information Material

Figure B1 - Information sets in a manufacturing enterprise
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Some manufacturing information must be mirrored in a scheduling system in order for valid planning and
scheduling activities to occur. If information about a product used for planning purposes is not in conformance
with information used for production, then generated schedules will be invalid. For example, if a production
material changes in a production recipe (e.g., a master or site recipe), and this change is not reflected in
planning data, then wrong material will be ordered and delivered to production. If information is not correctly
synchronized, then wrong materials may be ordered or delivered or wrong equipment (e.g. site or plant) may
be scheduled for use in production. Information in the data sets must be kept in sync, even though it is used
by people in different departments with widely different applications of the information.

The production and scheduling information must also be mirrored in costing systems for valid business costing
to occur. Errors will also occur if the costing recipe information is not in conformance with the production
recipe. For example, invalid costing information may mean that profitable products are dropped and
unprofitable products are retained.

B.1 Scheduling information

Scheduling information may be maintained in a hierarchy of definitions, corresponding to enterprise-wide
routing information, site-wide routing information, and area-wide routing information.

B.1.1  Enterprise routing information

Enterprise routing information contains site-independent definitions of the materials and resources required for
production of a product. This includes information required for planning or optimization that is not directly
related to the materials and resources of a General Recipe. The Process Inputs and Process Outputs defined
in a General Recipe usually must also be reflected in the scheduling information. While the General Recipe
does not specify exact equipment, it does specify requirements on equipment that can correspond to
resources available to the enterprise.

There may be many General Recipes for a single enterprise route, because there may not be a one-to-one
correspondence between planned products and produced material. For example, there may be a single
enterprise route for a company’s end product. There may be several General Recipes for intermediate
materials, a General Recipe for the final product, and another General Recipe for packaging of the product.

A single General Recipe may also be associated with multiple enterprise routes. For example, an intermediate
used in many products would have a single General Recipe that is associated with many products’ enterprise
routes.

An enterprise route contains information that can be used for long-range corporate planning and production
capability planning. A definition of long-range capacity and capability planning is outside the scope of this
standard, but enterprise-wide planning does require knowledge of what materials and processing capability
are required to manufacture a product and what sites are capable of manufacturing a product.

B.1.2 Site routing information

Site routing information is an equipment-independent definition of what is required to manufacture a product,
or part of a product at a site. Site Recipes are used for site-level scheduling activities such as material
allocation because they define the site-specific materials and subset of the general recipe actually produced at
a site.

The Site Recipe may be used to identify the local Bill of Materials (BOM) for a product. The BOM is the critical
information required for planning and costing. The BOM defines all materials required to produce a product at
a given site, including materials not related to production, such as shipping materials and documentation. The
Bill of Resources is a combination of the BOM, the production routing, and other information required for
scheduling. A site route may be considered as an equipment-independent Bill of Resources.
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There may be multiple Site Recipes for a single site route, for the same reasons listed above for general
recipes.

B.2 Costing information

Planning and costing information may be combined in integrated ERP systems, or costing may be handled
separately. Either way, the information needed for costing must be synchronized with the information used in
production and the information used in scheduling. The costing information is generally much less detailed
than the production information.

Costing information deals with the cost of production and can be used either in determining the lowest cost cell
or unit for production, or to analyze actual production. It can form the basis of decisions on which products are
profitable, and decisions on capital investments or optimization efforts.

Many different levels of costing information may exist, mirroring the levels of abstraction in production recipes.

B.3 Quality information

Quality information is information about quality assurance testing on the product and possible intermediates in
order to determine conformance to specifications.

B.4 Purchasing information

Purchasing information contains information about the cost and delivery of materials from suppliers.
Purchasing information can start with the list of process inputs defined in a general or site recipe.
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B.5 Information elements

Table B1 lists the elements of general and site recipes and how that information relates to the other
information sets used in a manufacturing enterprise. While each category requires the same basic information
components, they use the elements for different purposes, and they require different information with the
elements.

Table B1 - Information elements

Component General and Site Scheduling Costing Quality Purchasing
Recipe Information Information Information Information

Materials Used for material Used for Used to track Used to Used to identify
balance. Used to purchasing or material confirm the materials and
ensure that the proper scheduling cost/expense quality of their properties
amount of materials is delivery of and production materials, raw, so they may be
added in the right materials. amount/invento intermediate, correctly
process operations. Concerned with ry. Concerned and final. purchased.

) suppliers, and with cost.
Concerned with inventory.
physical properties of
materials (pH,
density, components).

Resources Resources are Used to Concerned with Generally not Generally not
implicitly part of the schedule the available relevant. relevant,
process production so cost of the unless
requirements, since as not to resource. associated with
resources are needed overuse the possible
to perform the resource purchasing of
processing actions. capacity. outsourced

production
capability.

Production Used to determine May relate to May relate to May relate to Generally not

Stages safe or identifiable process stages process stages QA tests on relevant,
boundaries in the used in used in activity intermediate or unless
production of the schedule route. costing. raw materials production is
product. Concerned for a stage. long and raw
with chemical material
boundaries. delivery dates

are relevant.

Equipment Define the Generally not Generally not Generally not Generally not

Requirements requirements on any relevant. relevant. relevant. relevant.
final target equipment

Other Process safety and Vendor Internal costing Information Supplier and

Information operations planning information is and overhead about specific delivery
information is typically typically rates. test, information,
included. included. procedures, lab legal

equipment, or agreements,
other and other
information business
required. information.

Authors Development and Administrative Administrative QA staff. Administrative
manufacturing staff. staff. staff.
engineering staff.

Users Production execution Production Accounting QA staff and Purchasing
staff. planning staff. staff and labs. staff.

management.
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B.6 Recipe used in planning

The American Production and Inventory Control Society (APICS, www.apics.org) has published guidelines for
production planning. The guidelines define the types of planning requirements necessary to obtain an
operation schedule. The guidelines use a top down hierarchical process, which shifts responsibility from the
management of the enterprise to the management of the site operations. Table B2 lists the APICS levels of
plans and/or schedules and the correspondence to the recipes defined in this standard.

Table B2 - Planning levels and recipes

APICS Level Recipe Type
Business Plan <not applicable>
Marketing Plan <not applicable>
Production Plan Built From General Recipe
Master Production Schedule (MPS) Built From General or Site Recipe
Material Requirements Plan (MRP) Built From Site Recipe
Operations Schedule Built From Site or Master Recipe
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Annex C (informative) - Usage questions

Question 1: Are general and site recipes required?

Answer 1: The Part 1 standard does not impose these two particular recipe levels; the recipe model is both
expandable and collapsible. The user is encouraged to implement the model that fits the need. Information
contained within these recipes may be introduced at the different levels according to this model.

Master recipes are mandatory to make a product, using specific process cells. Use of higher level recipes
depends on business drivers such as enterprise R&D, planning and supply chain environment, and costing
methods.

Question 2: When creating a General Recipe for the first time, do you start from an R&D formulation (top
down) or from a control recipe created and modified during pilot production (bottom up)?

Answer 2: Either way is reasonable, and it depends on corporate culture, the expertise of the pilot plant
engineers, and if there are tools in place to automatically generate a master recipe from a general recipe.
Many believe that the first pass general recipes must come from R&D, but they may be “tweaked” by the pilot
plant during scale up.

Question 3: What is meant by the recipe type hierarchy being collapsible and extensible?

Answer 3: A company may decide to implement general recipes, general and site recipes, or only site recipes.
This collapses the recipe-type hierarchy. A company may also define additional levels, such as an Area
Recipe, which has the same structure as an equipment-independent recipe, but is scoped to an area within a
site. In this case the stage definitions could be split or combined so that they correspond to process cell
boundaries, allowing the Area Recipe to be used for scheduling of production at process cells.

Question 4: Do you maintain a library of pre-defined process actions and process operations?

Answer 4: Yes, in order for general recipes to be successfully used, there must at a minimum be a library of
process actions. This library defines the ‘contract’ between the pilot plant and the rest of manufacturing. All
general recipes will be delivered using the available process actions, and the sites can determine their best
method for implementing the actions.

Question 5: How do you ensure that the general recipe is not equipment dependent?

Answer 5: In order for the General Recipe to apply to multiple sites, and even to different process cells within
the same site, it must be written without regard to specific equipment or equipment configurations. This is
sometimes very difficult to do. It is natural for the author of a General Recipe to have a mental picture of the
processing equipment as he or she begins to describe a manufacturing process. But, if not careful, that
perceived equipment arrangement may influence the recipe to the point it does not apply across all possible
manufacturing locations.
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For example, consider a process that requires the removal of a solvent from the batch. Perhaps conditions
are such that pumping the batch through an evaporator operated at the appropriate temperature and pressure,
and receiving the stripped batch in another vessel could accomplish this. Or, perhaps the solvent removal
could be done by pulling a vacuum on the reactor, while heating it to the appropriate temperature, and holding
the batch under these conditions until the solvent has been removed.

The point is, if either method is appropriate, the General Recipe should be written to generically describe the
process, without regard to the equipment that may be used to accomplish it.

In some cases, however, certain process requirements may dictate specific equipment configurations. An
example might be that for a certain temperature-sensitive material, stripping should be done using a wiped film
evaporator. In addition, a company may wish to have the General Recipe reflect its specific equipment
standards. In these cases, the General Recipe should reflect the specific process equipment to be used. For
example, a general recipe in a specific company might call for solids separation to be accomplished
specifically by filtration, even though other methods, therefore different equipment, could be used. This is
because filtration is the standard for solids removal within the example company.

Question 6: What is other information?

Answer 6: This information category within the general recipe captures recipe-dependent requirements for
data collection and reporting as well as the recipe author's comments concerning safety and/or compliance
issues. These comments are held to only those that pertain to the particular recipe of which this information
category is a part. For example, stating that mercaptans have an obnoxious odor is not done here. Thatis a
property of the group of chemical materials, mercaptans, and not any particular recipe. Stating that an
obnoxious odor may be given off if the batch is overheated during the Reaction operation is a valid comment
for this category. (Of course, this information would also be reflected by specifying the appropriate value for
the maximum temperature limit of the appropriate Process Actions.)

Comments on safety entered here are not a substitute for Material Safety Data Sheets (MSDS). In the first
place, MSDS pertain to chemical materials rather than to the recipe itself. The need to provide MSDS and the
way in which they are provided is up to the governing authorities and individual companies, and is not covered
in this example.

Data collection and reporting requirements are only stated here when they are above and beyond the standard
practice established within a company. For example, if it is the normal practice to record temperature every
hour during a reaction, but it is necessary to record the temperature every ten minutes for this product, then
that requirement would be found in “other information.” (Record here refers to entering it into the batch end
report. Temperature may actually be reported to the batch journal at a much shorter interval, depending on
the plant site and particular manufacturing train.)

Question 7: What are equipment requirements?

Answer 7: By no means is it practical to load an equipment-independent recipe with sufficient information to
design the equipment for a process operation. Therefore, the requirements for the equipment listed in a recipe
must be practical and meet the needs of the individual company in their implementation of a recipe system. A
company may wish to employ some type of overall requirements classification system, rather than listing
individual requirements. That is, a Class | equipment requirement might be a 304 stainless steel reactor with
circulating pump, agitator, steam heat, water cooling, an overhead condenser and a distillate receiver. Class Il
would be something else, and so on. In this case, the equipment requirements in the recipe would appear as
one value for each process operation.
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In this example, the following approach was taken:

1. Implicit requirements need not be stated.

2. Process results expected to be brought about by the equipment are stated.
3. Certain necessary equipment attributes are stated.

Containment of the batch during manufacturing is a task of the equipment. However, that is needed and
expected for all batches, and is therefore implied in every recipe. It is not necessary to state that a reactor is
required for a reaction process operation. On the other hand, the equipment's ability to heat, cool and mix are
deemed to be important and differentiating requirements in this implementation. In addition, the equipment's
material of construction, or its specific corrosion resistance, is deemed to be an important attribute.

To assure a common understanding of the equipment requirement values, a system of "types" may be
developed. Only these types may be used in the recipe. For "Material of Construction," categories could be
used rather than stating an actual metallurgy.

Equipment requirements are associated with process stages or process operations. When a process stage or
operation is used in a recipe, its equipment requirements are brought with it. The recipe author will then
assign values to the appropriate Equipment Requirements. These values must be of the permitted value set
established in the library.

Question 8: What are some examples of equipment requirements based on types?

Answer 8: Some examples of equipment requirements related to heating are listed below. Heating may be
required within a process operation to take the batch from one temperature to a higher temperature, or to put
thermal energy into the batch at or near the same temperature, as in boiling off a liquid component or during
an endothermic reaction. If heating is required during the process operation with which this requirement is
associated, the equipment involved must then have the means of heating the batch. This may be a vessel
jacket, internal coils, an external heat exchanger or some other arrangement. The heating media may be
whatever is appropriate for the range of temperatures involved, e.g., steam, thermal fluid, hot water, etc.
Although there are important engineering design considerations, they should not matter to the product, and,
therefore, do not matter to the recipe. In the rare cases where they may make a difference--say the media
may have a profound effect on product quality should there be a leak--the preference may be made in the
recipe. Appropriate values for this equipment requirement could be, "Type 1," "Type 2," and "Type 3."

TYPE_1 - Type 1 heating is low temperature heating, up to 200° F. It can be accomplished with low pressure
steam, hot water, or other circulating liquid heat transfer media.

TYPE_2 - Type 2 heating is medium temperature heating, up to 320° F. It can be accomplished with medium
pressure steam or other circulating liquid heat transfer media.

TYPE 3 - TYPE 3 heating is high temperature heating, above 320° F. It usually requires a circulating heat
transfer media, which has been heated by a fired heater.

Other equipment requirements based on types could be:

Reaction - The collection of process actions that carry out a chemical reaction. This will involve actions such
as charging ingredients, heating or cooling, and holding.
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Stripping - The collection of process actions that will cause a component or components to be vaporized and
removed from a batch of material. These components, e.g., solvent, water, etc., may be collected for reuse or
discarded.

Solid removal - The collection of process actions that cause the removal of undesirable solids from a batch of
liquid material. This is most commonly done by filtration.

Finishing - The collection of Process Actions that finish the batch for storage, use or sale. They will usually
consist of sampling, adjusting and discharging the batch from the manufacturing train.

Question 9: Why is the overlap between Site Recipes and the Bill of Resources important?

Answer 9: The following figure illustrates the overlap of information between a site recipe, a bill of material,
and bill of resources required to make a product. This overlap is important because, if a material in a site
recipe changes or processing steps change, they must be reflected in the bill of materials and scheduler's bill
of resources. Otherwise, any production schedules and material inventory scheduling will not line up with
actual production.

All information required to produce
a product, at a given site

Production Routing defines as process
stages or process operations

Manufacturing Bill defined as the recipe’s
process inputs

Bill Of
Materials

All materials required to produce a product at a
given site, including materials not related to
production (e.g. shipping materials)

Bill Of

Resources All resources, identified by scheduling, required

to produce a product at a given site, including
information not related to production (e.g.
material order lead times)

For example, assume that it is discovered that the efficiency of a catalyst is greater than originally expected.
This would require a change in the amount of catalyst in the general recipe and the related site recipes. This
must be reflected in an equivalent change in the bill of materials for the product. If the change is not reflected,
then too much catalyst would be purchased for each batch, and money would be wasted. If the same change
meant that there were fewer processing steps, such as elimination of a filtration stage, then this would need to
be reflected in the bill of resources. If this change is not reflected, then the schedule would schedule a
filtration system that was not needed, preventing the filtration system from being used by another batch.
Unless the information used by the scheduling system and the production system is consistent, any schedule
is unrealistic. The schedule would either over commit the resources or under utilize the resources.
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Question 10: Does the life cycle state model imply a progression of states?

Answer 10: There is no defined standard state model. Valid life cycle state transitions are usually defined by
company policy. In addition, life cycle states of elements may be related. For example, a change to an
equipment requirement definition state to “Withdrawn" may require changes to the life cycle states of all
recipes using the definition. This should be defined by corporate policy. Moving in reverse, for example from
“Withdrawn” to “Effective,” should also be considered. Systems that implement the life cycle states should
take into account interdependencies and reversals of states.
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