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INTERNATIONAL ELECTROTECHNICAL COMMISSION

BATCH CONTROL -

Part 3: General and site recipe models
and representation

FOREWORD

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

2) 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.

3) 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.

4) 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.

5) 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.

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

7) 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.

8) 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.

9) 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.

International Standard IEC 61512-3 has been prepared by subcommittee 65A: System
aspects, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This first edition cancels and replaces IEC/PAS 61512-3, published in 2004.
This part of IEC 61512 is to be used in conjunction with IEC 61512-1 and IEC 61512-2.

The text of this standard is based on the following documents:

CDhV Report on voting
65A/496/CDV 65A/503/RVC

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table. Documents
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The list of all the parts of the IEC 61512 series, under the general title Batch Control, can be
found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
*+ amended.
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INTRODUCTION

IEC 61512-1 provides models and terminology applicable to batch control, IEC 61512-2
addresses data structures and guidelines for languages. This part of IEC 61512 defines
additional information on general and site recipes. Clause 4 of this part of IEC 61512 contains
definitions of general and site recipes in greater detail than in IEC 61512-1. 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 part of IEC 61512 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 part of IEC 61512 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.

IEC 60050-351:2006, International Electrotechnical Vocabulary - Part 351: Control
technology

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
IEC 62264-1: 2003, Enterprise-control system integration — Part 1: Models and terminology
IEC 62264-2: 2004, Enterprise-control system integration — Part 2: Object model attributes

ISO/IEC 19501, Information technology - Open Distributed Processing - Unified Modeling
Language (UML) Version 1.4.2

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61512-1,
IEC 61512-2 and IEC 60050-351, as well as the following, apply.

3.1.1

equipment-independent recipe

recipe type that defines general requirements for equipment but is not specifically tailored for
a precise class or size of equipment.

3.1.2

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.
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3.1.3

process procedure chart

a graphical representation of equipment-independent recipes that is defined in this part of
IEC 61512.

3.14
product family
a set of produced materials that are related by manufacturing process or business policy.

3.1.5
product grades
collections of similarly produced materials with variations in properties.

3.2 Abbreviation

PPC - Process Procedure Chart

4 Recipe description

4.1 Recipe types

As defined in the recipe model of IEC 61512-1, 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 IEC 61512-1: 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 in IEC 61512-1.

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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oo

Uoo

OOa One general recipe per produced material,
maintained at the enterprise level.

Enterprise For example, 1 000 company-wide products.

/ l \ One site recipe per site and produced material,
maintained at the site for local materials,
language, or segment of production.
| o s f s | | o o s | | oood | For example, 10 000 site recipes for 10 sites.
Site Site Site

One master recipe per process cell
and produced material.
For example, 50 000 master recipes for

5 process cells per site.
H R R e P pers!
,_t }4 % Ve —¥e
* e One control recipe per batch.
s For example, 1 000 000 batches per year.

Describes the custom options and formula
values for one specific batch of product.

Process Process Process

cell cell cell

) ) )
E =3 E 23 E 253 IEC 901/08
3 3 3

Figure 1 — Recipe hierarchy example

There are generally fewer general and site recipes in a manufacturing enterprise than master
recipes.

EXAMPLE A small specialty chemical company may have 1 000 general recipes, and 10 000 site recipes for 10
production sites. The company may have 50 000 master recipes, assuming an average of 5 process cells per site
that can manufacture the products. Large companies may have thousands of products and millions of master
recipes. A single change to a general recipe may 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.

EXAMPLE A company may only have general recipes and not site recipes. Alternately, a company may 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.

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 nocessarbaﬁ”ments
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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 iterative so there will be feedback
loops throughout the development cycle. For simplicity, the multiple feedback loops have not
been shown in Figures 2 and 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

Rand D
product synthesis
description

Global material
specifications

Other global
specifications

Create
general
recipe

Global equipment
property definitions

Global process
action definitions

Modify
General genera]
recipe recipe

Convert and
validate in
trial facility

Trial facility
mapping rules

Trial master
recipe

Approved
general
recipe

IEC 902/08

Figure 2 — Pilot plant creation of equipment-independent recipe
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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 scale-up 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.

Develop
product synthesis
description

Rand D
product synthesis
description

Trial facility
mapping rules

Convert and
validate in
trial facility

Trial
master

Global material
specifications

recipe

Global process
action definitions

Create
general
recipe

Approved
general
recipe

Other global
specifications

Global equipment
property definitions

IEC 903/08

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.
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4.3.6 Equipment-independent recipe definition

An equipment-independent recipe defines a single set of processing requirements for the
production of an intended material or materials.

EXAMPLE The produced material may be products, co-products, and by-products.
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-independent recipe. An identification method is usually
used to indicate the relationship among the multiple variant recipes for the produced material.

EXAMPLE Multiple equipment-independent recipes may 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 IEC 62264-1. 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 IEC 62264-1.

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 IEC 62264-1, 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 IEC 62264-1 and can correspond to the site recipe’s process stages and process
operations.
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Site
recipe 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.

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

Bill of
materials

\‘\—,,, -
Bill of
resources

All resources, identified by scheduling, required to produce a product
at a given site, including information not related to production
(for example material order lead times).

IEC 904/08

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.

EXAMPLE Some of the uses 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.

f) Recipes and anticipated production schedules, as defined in IEC 62264-1 when combined, can be used to
determine equipment capacities.

4.4 General recipes
4.41 Enterprise-wide definition

A general recipe defines the manufacturing requirements for a specific product range of
product. It is independent of the actual site or equipment that could be actualdQ€dd@ents
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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 based solely on experience of 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.

Customer
requirements

Product
development

Initial
research

General

recipe Manufacturing

Process
development

Produced
material

Basic manufacturing

definitions
IEC 905/08

Figure 5 — General recipes in a typical development function
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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 at the laboratory scale. It results in a
basic understanding of the chemistry and processing requirements particular 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, then process development defines the new process requirements.

EXAMPLE 1 New chemistry may require new process actions, such as ultraviolet light driven reactions.

EXAMPLE 2 A new form of packaging may require a new process action, such as the addition of a sterilization in
a form, fill, and seal action.

4.5 Site recipes
4.51 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 elements 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.

4.5.2 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., Imperial 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.

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.

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 |ocal regulations;
e 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.
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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.

4.5.3 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.

EXAMPLE 1 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.

EXAMPLE 2 A 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

IEC 61512-1 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 aspects
other than the production processes.

EXAMPLE A product may be defined by packaging, brand name, or delivery form.

The definition of a final or finished “product” is beyond the scope of this part of IEC 61512.
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.

4.6.2 Product families

Sets of produced materials that are related by manufacturing process or business policy are
sometimes identified as product families.

EXAMPLE 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.
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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
IEC 61512-1.

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 administrative process in place to
ensure the life cycle states are consistent.

EXAMPLE If the state of a referenced material becomes “Withdrawn,” then the state of all recipes referencing the
material becomes “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.

54 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 IEC 62264-1. Equipment-independent recipes do not use material
lot definitions (see IEC 62264-1).

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 IEC 61512-1. Documents
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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 an ordered

Procedure set of one or more process stages.

v

A pocess stage is made up of an ordered

Process g
set of one or more process operations.

stage

A pocess operation is made up of an ordered
set of one or more process actions.

Process
operation

h 4

Process
action

IEC 906/08

Figure 6 — Equipment-independent recipe procedure definition

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.

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.
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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.

d) 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.

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.

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.

EXAMPLE 1 |In the production of some chemicals for colour 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.

EXAMPLE 2 A material may be 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 1 This may even be considered the primary characteristic used in defining a process stagDocuments
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b) A process stage can lead to the production of more than one material.

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 2 A chemical reaction may be a secondary defining characteristic, but it does have a meaning for
chemists who have to interpret general recipes.

d) Materials shall be operated on independently.

NOTE 3 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.

e) Materials can be operated on asynchronously.
NOTE 4 Intermediate materials may be pre-made and stored for later use.
f) There are common chemical or physical properties required for the target equipment.

NOTE 5 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.

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 convenient 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 possibly be carried out on
different sites, requiring the intermediate material to be transported between sites.

NOTE 3 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 may have to be separately inventoried.

NOTE 4 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 5 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 6 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.
f) The production of intermediate materials is often separately planned and scheduled.

NOTE 7 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 subclause 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.
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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.

b) There can be different equipment requirements needed 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 because activity-based cost accounting needs finer
granularity than is provided by process stages.

c) 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 subclause aids in the identification of process actions. It focuses on the identifying
characteristics of process actions and is meant to provide 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 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.
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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.

EXAMPLE A process operation is 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.

CHARGE
OPERATION
[
I | I
| cHArRGe || HEAT || mix
CHARGE
I
IEC 907/08
Figure 7 — Non-persistent process actions Documents

Document Sharing Hub

Full document details: IEC 61512-3 2008


http://www.avadocuments.com/doc/iec-61512-3-2008
http://www.avadocuments.com/doc/iec-61512-3-2008

61512-3 © |IEC:200

8

— 25—

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.

EXAMPLE A process operation is 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 operat.ion or process Material
order path action
41, 0 CHARGE OPERATION
\J} 0 HEAT ON
\J} 0 MIX ON
41, 0 CHARGE Material A, 25%
41, 0 WAIT
\J} 0 CHARGE Material A, 75%
\J} 0 TEST
\J} 0 HEAT OFF
41, 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.

EXAMPLE Table 3 lists some example process actions for material addition.

Table 3 — Material addition process action examples

Process action name

Functional description

Parameters

Charge Add the specified material. There is Material to add
no rate constraint on the material
addition. Usually used where there is | Amount to add
no 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 Amount to add
fast a rate will cause an undesired Percent per minute
chemical reaction.
% per minute tolerance
ChargeAtTemperature Add the specified material so the Material to add

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.

Amount to add
Maximum temperature
Minimum temperature

Temperature tolerance
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5.5.11.5 Removing materials

There are process actions that

61512-3 © IEC:2008

remove materials from the process. These can be

parameterized and there can be different actions depending on how the material is to be

removed.

EXAMPLE 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 other safely evaporated materials.

Material to remove

Expected amount removed
minimum temperature

Evaporate solvent

Remove a solvent through
evaporation. The solvent is to be
retained and not dispersed into the
atmosphere.

Material to remove

Expected amount removed
evaporation temperature

Filter solids

Remove solids.

Material to remove

Expected amount removed

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.

EXAMPLE 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 Final temperature
material.
Heat profile 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 temperature

Holding time

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.

EXAMPLE Table 6 lists some example process actions for energy removal.

Table 6 — Energy removal process action examples

Parameters

Process action name Functional description

Cool Induce energy to flow out of the Final temperature
material.
Cool profile 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 temperature

Holding time
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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 of equipment 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.

EXAMPLE The chemistry of a 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.

EXAMPLE 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.
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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.

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

6.1 General

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 part of IEC 61512 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 part of IEC 61512.

In the cases where the objects and relationships defined in this clause are presented through
an interface, then that interface shall use the object names and the relationships of this
clause commensurate with the interface technology chosen and the capabilities offered.

6.2 Modelling techniques

The models that are described in this clause are based on the Unified Modelling Language
(UML) per ISO/IEC 19501 (see Clause 2).

6.3 Object model
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.
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Figure 8 — Equipment-independent recipe object model

6.4 Object relationships

The object
relationships:

model for equipment-independent recipe entities defines the following

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

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.,
Standard Operating Procedures (SOP), safety information, exception information, and
personnel requirements).

f) 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.
i) A process procedure contains one or more process elements.

j) A process element defines zero or more equipment requirements.

k) A process element can either be a process action, a process operation, or process stage.
I) A process element corresponds to a process element specification.

m) A process element library is made up of process element specifications.
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n) An equipment requirement library is made up of equipment requirement elements.

o) An equipment requirement corresponds to an equipment requirement element. Equipment
requirements may be defined and maintained in terms of equipment class properties, as
defined IEC 62264-2.

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

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

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

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

t) A process element is linked to zero or more other process elements through a process
element link.

6.5 Object model elements

6.5.1 Attributes

IEC 61512-2 defines the attributes for recipe entities. The attributes defined in IEC 61512-2
for recipe entities apply to equipment-independent recipes. The attributes defined in
IEC 61512-2 also apply to the objects in this part of IEC 61512.

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 IEC 61512-2:2001, 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 part of IEC 61512.

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. Documents
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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.

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 IEC 61512-2:2001, Clause 4.3.1.

6.5.7 Material definition

A material definition is defined using IEC 62264-1. It may also be a material class as defined
in [IEC 62264-1. 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 IEC 62264-1.

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 the 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/labelling information).

See IEC 61512-2:2001, 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. It is a modelling 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
IEC 61512-2:2001, 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
IEC 61512-2:2001, Clause 4.3.1.

7 Equipment-independent recipe representation

71 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. ocuments
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Figure 9 illustrates the stage representation of a sample equipment-independent recipe.

NOTE The PPC notation is derived from the NAMUR 33 Guideline (see bibliography).

? ? ? ? ?4 ">~ Process input representation (material)

Oxidation Nitration
B |1"| 22 2 B _- Recipe annotation
(/
6 -

[543 8
é Process note:
make sure that process

) temperature is maintained
ng_ between ring expansion
expansion and hydrolysis

[M 55 , 1E|

? é\__ - Intermediate material representation

Hydrolysis - Stage, operation, or action representation

[ 10 2 E| o

6 V - Process output representation (material)
<. ,
\\ //

s IEC 909/08

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 part of IEC 61512 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
7.21 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.
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7.2.2 Process procedure chart symbols
7.2.21 Symbol types

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

[

Process stages, process operations, and process actions.

[}

Process input materials.

Q O

)

)

) Intermediate materials.

) Process output materials.
)

Directed links.

- O

) Process annotations.

NOTE 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

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

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.

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

<— ——————————— Stage, operation, or action representation

_ Equipment requirement indication

~ Indication on underlying elements

_________

IEC 910/08

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 of the two. If a graphical figure is used, it sha%@uments
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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.

[u12

IEC 911/08
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 of the two. 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.

04[]

IEC 912/08

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.

EXAMPLE 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

IEC 913/08
Figure 13 — Example process annotation indication

7.2.2.7 Process input

A process input (as defined in IEC 61512-1) shall be represented by the symbol shown in
Figure 14.

IEC 914/08

Figure 14 — Process input symbol
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A process input symbol may be annotated with the identification of the consumed resource,
material definition, or material class.

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).

EXAMPLE 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

IEC 915/08

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.

IEC 916/08

Figure 16 — Sample process input symbol representing multiple materials

7.2.2.8 Identified intermediate

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

Q

Figure 17 — Process intermediate symbol

IEC 917/08

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.

IEC 918/08

Figure 18 — Unidentified intermediate material symbol

7.2.2.10 Process output

A process output (as defined in IEC 61512-1) shall be represented by the symbol shown in
Figure 19.

IEC 919/08
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

IEC 920/08

Figure 20 — Process output symbol with material information

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

7.2.3 Link types
7.2.31 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 arroWu ments
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IEC 921/08
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.

IEC 922/08

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.

IEC 923/08

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.

!

IEC 924/08
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Figure 24 — Start of optional parallel execution symbo!
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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.
Charge
operation
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Implemented Charge
in parallel operation
Charge
operation
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IEC 925/08

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.
Loy
IIZ_ZI:i:_Z;
IEC 926/08
Figure 26 — End of optional parallel execution
7.2.4 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.
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7.2.4.2 Process inputs

Valid PPCs shall start with one or more process inputs.

7.243 Process outputs

Valid PPCs shall end with one or more process outputs.

7.24.4 No loop dependency

Valid PPCs shall have no loops of material dependencies.

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
7.31 Process operation and process action depiction

Process operations and process actions may be represented in a graphical format, as shown
in Figures 27 and 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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