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Preface

This preface as well as all footnotes and annexes are included for informational purposes and
are not part of ANSI/ISA-S88.01.

This standard has been prepared as part of the service of the ISA — The International Society for
Measurement and Control — 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) 990-9227; Fax (919) 549-8288; Internet:
INFO@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, recommended practices, and technical reports. 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 to the greatest extent possible. The Metric Practice
Guide, which has been published by the Institute of Electrical and Electronics Engineers as
ANSI/IEEE Std. 268-1992, 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.

This standard is structured to follow the IEC guidelines. Therefore, the first three sections
discuss the Scope of the standard, Normative References, and Definitions, in that order.

Section 4 is entitled Batch Processes and Equipment. The intent of this section is to discuss
batch processing and the batch manufacturing plant. Things that are involved in batch
manufacturing (e.g., batch process classification, equipment, and processes) are described in
this section. The models and terminology defined in this section provide a foundation for
understanding the application of batch control to the batch manufacturing plant in Sections 5
and 6.

Section 5 is entitled Batch Control Concepts. The intent of this section is to discuss key aspects
of batch processing and batch manufacturing plants. This is where control is finally introduced to
physical equipment, and the concept of equipment entities is introduced. Recipes are introduced
in Section 5. The concepts of Allocation and Arbitration, Modes and States, and Exception
Handling are introduced in this section so that they can be applied to the discussions in

Section 6.

Section 6 is entitled Batch Control Activities and Functions. The intent of the models and
terminology introduced in this section is to establish the necessary control activities that are
needed to address the diverse control requirements of batch manufacturing. The concept of a
Control Activity Model is introduced in this section. Each control activity from the Control Activity
Model is discussed in terms of the individual control functions that are needed to address the

batch processing, manufacturing, and control requirements of the previous two sectich. Note
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that there will be no attempt to define compliance requirements within this section since the
overall purpose of this standard is to define a common approach to defining and modeling batch
processes and their associated controls.

This standard (Part 1, Models and Terminology) is intended for people who are
— involved in designing and/or operating batch manufacturing plants;

— responsible for specifying controls and the associated application programs for batch
manufacturing plants; or

— involved in the design and marketing of products in the area of batch control.

The following people served as active members of ISA Committee SP88:
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Foreword

1) The formal decisions or agreements of the IEC on technical matters, prepared by technical
committees on which all the National Committees having a special interest therein are
represented, express, as nearly as possible, an international consensus of opinion on the
subjects dealt with.

2) They have the form of recommendations for international use and they are accepted by the
National Committees in that sense.

3) In order to promote international unification, the IEC expresses the wish that all National
Committees should adopt the text of the IEC recommendation for their national rules insofar as
national conditions will permit. Any divergence between the IEC recommendation and the
corresponding national rules should, as far as possible, be clearly indicated in the latter.

4) The IEC has not laid down any procedure concerning marking as an indication of approval
and has no responsibility when an item of equipment is declared to comply with one of its
recommendations.

This part of this International Standard has been prepared by IEC/SC65A/WG11 and ISA SP88.

It forms part 1 of a series, the other part being Part 2: Data structures and guidelines for
languages.

Annex A forms an integral part of this part of this international standard. Refer to Annex A for an
explanation of the format and general associations used in creating the diagrams in this
international standard. Annex B is for information only.
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Introduction

This part of this international standard on Batch Control provides standard models and
terminology for defining the control requirements for batch manufacturing plants. The models
and terminology defined in this standard

— emphasize good practices for the design and operation of batch manufacturing plants;
— can be used to improve control of batch manufacturing plants; and

— can be applied regardless of the degree of automation.

Specifically, this standard provides a standard terminology and a consistent set of concepts and
models for batch manufacturing plants and batch control that will improve communications
between all parties involved; and that will

— reduce the user's time to reach full production levels for new products;
— enable vendors to supply appropriate tools for implementing batch control;
— enable users to better identify their needs;

— make recipe development straightforward enough to be accomplished without the
services of a control systems engineer;

— reduce the cost of automating batch processes; and

— reduce life-cycle engineering efforts.

It is not the intent of this standard to
— suggest that there is only one way to implement or apply batch control;
— force users to abandon their current way of dealing with their batch processes; or

— restrict development in the area of batch control.

The models presented in this standard are presumed to be complete as indicated. However,
they may be collapsed and expanded as described below. The unit and the control module
levels may not be omitted from the physical model. The master recipe and the control recipe
may not be omitted from the recipe types model. Specific rules for collapsing and expanding
these models are not covered in this standard.

— Collapsing: Elements in the models may be omitted as long as the model remains
consistent, and the functions of the element removed are taken into account.

— Expanding: Elements may be added to the modules. When they are added between
related elements, the integrity of the original relationship should be maintained.
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1 Scope

This part of the standard on Batch Control defines reference models for batch control as used in
the process industries and terminology that helps explain the relationships between these
models and terms. This standard may not apply to all batch control applications.

2 Normative references

The following normative documents contain provisions, which through reference in this text,
constitute provisions of this part of this standard. At the time of publication, the editions indicated
were valid. All normative documents are subject to revision, and parties to agreements based on
this part of this standard are encouraged to investigate the possibility of applying the most recent
editions of the normative documents indicated below. Members of IEC and ISO maintain
registers of currently valid normative documents.

IEC 848: 1988, Preparation of function charts for control systems

NOTE - Structures definedin IEC 848 may be useful in the definition of procedural control, and in particular
in the definition of a phase.

IEC 902: 1987, Industrial-process measurement and control — Terms and definitions

NOTE — Definitions found in IEC 902 were used as a basis for definitions in this standard. Where
necessary, the specific connotation of terms used in batch control were included as definitions in this
standard.

3 Definitions

For the purposes of this part of this international standard, the following definitions apply.

3.1 allocation: A form of coordination control that assigns a resource to a batch or unit.
NOTE — An allocation can be for the entire resource or for portions of a resource.

3.2 arbitration: A form of coordination control that determines how a resource should be allocated
when there are more requests for the resource than can be accommodated at one time.

3.3 area: A component of a batch manufacturing site that is identified by physical, geographical,
or logical segmentation within the site.
NOTE — An area may contain process cells, units, equipment modules, and control modules.
3.4 basic control: Control that is dedicated to establishing and maintaining a specific state of
equipment or process condition.
NOTE — Basic control may include regulatory control, interlocking, monitoring, exception hB@@Lﬁ)ﬁ ents
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discrete or sequential control.

3.5 batch: 1.) The material that is being produced or that has been produced by a single execution
of a batch process. 2.) An entity that represents the production of a material at any point in the
process.

NOTE — Batch means both the material made by and during the process and also an entity that represents
the production of that material. Batch is used as an abstract contraction of the words "the production of
a batch."

3.6 batch control: Control activities and control functions that provide a means to process finite
guantities of input materials by subjecting them to an ordered set of processing activities over a
finite period of time using one or more pieces of equipment.

3.7 batch process: A process that leads to the production of finite quantities of material by
subjecting quantities of input materials to an ordered set of processing activities over a finite period
of time using one or more pieces of equipment.

3.8 batch schedule: A list of batches to be produced in a specific process cell.
NOTE — The batch schedule typically contains such information as what is to be produced, how much is
to be produced, when or in what order the batches are to be produced, and what equipment is to be used.
3.9 common resource: A resource that can provide services to more than one requester.

NOTE — Common resources are identified as either exclusive-use resources or shared-use resources
(3.22 and 3.54).

3.10 control module: The lowest level grouping of equipment in the physical model that can carry
out basic control.

NOTE — This term applies to both the physical equipment and the equipment entity.

3.11 control recipe: A type of recipe which, through its execution, defines the manufacture of a
single batch of a specific product.

3.12 coordination control: A type of control that directs, initiates, and/or modifies the execution
of procedural control and the utilization of equipment entities.

3.13 enterprise: An organization that coordinates the operation of one or more sites.

3.14 equipment control: The equipment-specific functionality that provides the actual control
capability for an equipment entity, including procedural, basic, and coordination control, and that
is not part of the recipe.

3.15 equipment entity: A collection of physical processing and control equipment and equipment
control grouped together to perform a certain control function or set of control functions.

3.16 equipment module: A functional group of equipment that can carry out a finite number of
specific minor processing activities.
NOTES

1 An equipment module is typically centered around a piece of process equipment (a weigh tank, a
process heater, a scrubber, etc.). This term applies to both the physical equipment and the equipment
entity.

2  Examples of minor process activities are dosing and weighing.

3.17 equipment operation. An operation that is part of equipment control.
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3.18 equipment phase: A phase that is part of equipment control.
3.19 equipment procedure: A procedure that is part of equipment control.
3.20 equipment unit procedure: A unit procedure that is part of equipment control.

3.21 exception handling: Those functions that deal with plant or process contingencies and other
events which occur outside the normal or desired behavior of batch control.

3.22 exclusive-use resource: A common resource that only one user can use at any given time.

3.23 formula: A category of recipe information that includes process inputs, process parameters,
and process outputs.

3.24 general recipe: A type of recipe that expresses equipment and site independent processing
requirements.

3.25 header: Information about the purpose, source and version of the recipe such as recipe and
product identification, creator, and issue date.

3.26 ID: A unique identifier for batches, lots, operators, technicians, and raw materials.
3.27 line; train: See definition for train.

3.28 lot: A unique amount of material having a set of common traits.

NOTE — Some examples of common traits are material source, the master recipe used to produce the
material, and distinct physical properties.

3.29 master recipe: A type of recipe that accounts for equipment capabilities and may include
process cell-specific information.

3.30 mode: The manner in which the transition of sequential functions are carried out within a
procedural element or the accessibility for manipulating the states of equipment entities manually
or by other types of control.

3.31 operation: A procedural element defining an independent processing activity consisting of
the algorithm necessary for the initiation, organization, and control of phases.

3.32 path; stream: The order of equipment within a process cell that is used, or is expected to
be used, in the production of a specific batch.

3.33 personnel and environmental protection: The control activity that

— prevents events from occurring that would cause the process to react in a manner that
would jeopardize personnel safety and/or harm the environment; and/or

— takes additional measures, such as starting standby equipment, to prevent an abnormal
condition from proceeding to a more undesirable state that would jeopardize personnel
safety and/or harm the environment.

3.34 phase: The lowest level of procedural element in the procedural control model.

3.35 procedural control: Control that directs equipment-oriented actions to take place in an
ordered sequence in order to carry out some process-oriented task.

3.36 procedural element: A building block for procedural control that is defined by the procedural

control model.
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3.37 procedure: The strategy for carrying out a process.
NOTE - In general, it refers to the strategy for making a batch within a process cell. It may also refer to
a process that does not result in the production of product, such as a clean-in-place procedure.

3.38 process: A sequence of chemical, physical, or biological activities for the conversion,
transport, or storage of material or energy.

3.39 process action: Minor processing activities that are combined to make up a process operation.
NOTE — Process actions are the lowest level of processing activity within the process model.

3.40 process cell: A logical grouping of equipment that includes the equipment required for
production of one or more batches. It defines the span of logical control of one set of process
equipment within an area.

NOTE — This term applies to both the physical equipment and the equipment entity.

3.41 process control: The control activity that includes the control functions needed to provide
sequential, regulatory, and discrete control and to gather and display data.

3.42 process input: The identification and quantity of a raw material or other resource required
to make a product.

3.43 process management: The control activity that includes the control functions needed to
manage batch production within a process cell.

3.44 process operation: A major processing activity that usually results in a chemical or physical
change in the material being processed and that is defined without consideration of the actual
target equipment configuration.

3.45 process output: An identification and quantity of material or energy expected to result from
one execution of a control recipe.

3.46 process parameter: Information that is needed to manufacture a material but does not fall
into the classification of process input or process output.

NOTE — Examples of process parameter information are temperature, pressure, and time.

3.47 process stage: A part of a process that usually operates independently from other process
stages and that usually results in a planned sequence of chemical or physical changes in the
material being processed.

3.48 recipe: The necessary set of information that uniquely defines the production requirements
for a specific product.

NOTE — There are four types of recipes defined in this standard: general, site, master, and control.

3.49 recipe management: The control activity that includes the control functions needed to create,
store, and maintain general, site, and master recipes.

3.50 recipe operation: An operation that is part of a recipe procedure in a master or control recipe.
3.51 recipe phase: A phase that is part of a recipe procedure in a master or control recipe.

3.52 recipe procedure: The part of a recipe that defines the strategy for producing a batch.
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3.53 recipe unit procedure: A unit procedure that is part of a recipe procedure in a master or
control recipe.

3.54 shared-use resource: A common resource that can be used by more than one user at atime.

3.55 site: A component of a batch manufacturing enterprise that is identified by physical, geo-
graphical, or logical segmentation within the enterprise.

NOTE — A site may contain areas, process cells, units, equipment modules, and control modules.

3.56 site recipe: A type of recipe that is site specific.
NOTE — Site recipes may be derived from general recipes recognizing local constraints, such as language
and available raw materials.

3.57 state: The condition of an equipment entity or of a procedural element at a given time.
NOTE — The number of possible states and their names vary for equipment and for procedural elements.

3.58 stream; path: See definition for path.

3.59 train; line: A collection of one or more units and associated lower level equipment groupings
that has the ability to be used to make a batch of material.

3.60 unit: A collection of associated control modules and/or equipment modules and other process
equipment in which one or more major processing activities can be conducted.

NOTES

1 Units are presumed to operate on only one batch at a time. Units operate relatively independently
of one another.

2 This term applies to both the physical equipment and the equipment entity.
3 Examples of major processing activities are react, crystallize, and make a solution.

3.61 unit procedure: A strategy for carrying out a contiguous process within a unit. It consists of
contiguous operations and the algorithm necessary for the initiation, organization, and control of
those operations.

3.62 unit recipe: The part of a control recipe that uniquely defines the contiguous production
requirements for a unit.

NOTE — The unit recipe contains the unit procedure and its related formula, header, equipment require-
ments, and other information.

3.63 unit supervision: The control activity that includes control functions needed to supervise the
unit and the unit's resources.

4 Batch processes and equipment

This section provides an overview of batch processing and the batch manufacturing plant. The
models and terminology defined in this section provide a foundation for understanding the
application of batch control to the batch manufacturing plant in Sections 5 and 6. Specifically,
this section discusses batch processes, a physical model, and process cell classification.
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4.1 Processes, batches, and batch processes

A process is a sequence of chemical, physical or biological activities for the conversion, transport
or storage of material or energy. Industrial manufacturing processes can generally be classified
as continuous, discrete parts manufacturing, or batch. How a process is classified depends on
whether the output from the process appears in a continuous flow (continuous), in finite
quantities of parts (discrete parts manufacturing), or in finite quantities of material (batches).
Although aspects of this standard may apply to discrete parts manufacturing or continuous
processes, this standard does not specifically address these types of processes.

4.1.1 Continuous processes

In a continuous process, materials are passed in a continuous flow through processing
equipment. Once established in a steady operating state, the nature of the process is not
dependent on the length of time of operation. Start-ups, transitions, and shutdowns do not
usually contribute to achieving the desired processing.

4.1.2 Discrete parts manufacturing processes

In a discrete parts manufacturing process, products are classified into production lots that are
based on common raw materials, production requirements, and production histories. In a
discrete parts manufacturing process, a specified quantity of product moves as a unit (group of
parts) between workstations, and each part maintains its unique identity.

4.1.3 Batch processes

The batch processes addressed in this standard lead to the production of finite quantities of
material (batches) by subjecting quantities of input materials to a defined order of processing
actions using one or more pieces of equipment. The product produced by a batch process is
called a batch. Batch processes are discontinuous processes. Batch processes are neither
discrete nor continuous; however, they have characteristics of both.

The subdivisions of a batch process can be organized in a hierarchical fashion as shown in
Figure 1. The example batch process used in this section is the production of polyvinyl chloride
by the polymerization of vinyl chloride monomer.
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Figure 1 — Process model (Entity - Relationship diagram)
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4.1.3.1 Process stages

The process consists of one or more process stages which are organized as an ordered set,
which can be serial, parallel, or both. A process stage is a part of a process that usually
operates independently from other process stages. It usually results in a planned sequence of
chemical or physical changes in the material being processed. Typical process stages in the
polyvinyl chloride process might be the following:

— Polymerize: Polymerize vinyl chloride monomer into polyvinyl chloride.
— Recover: Recover residual vinyl chloride monomer.
— Dry: Dry polyvinyl chloride.

4.1.3.2 Process operations

Each process stage consists of an ordered set of one or more process operations. Process
operations represent major processing activities. A process operation usually results in a
chemical or physical change in the material being processed. Typical process operations for the
polymerization of vinyl chloride monomer into polyvinyl chloride process stage might be the
following:

— Prepare reactor: Evacuate the reactor to remove oxygen.
— Charge: Add demineralized water and surfactants.

— React: Add vinyl chloride monomer and catalyst, heat to 55 - 60xC, and hold at this
temperature until the reactor pressure decreases.

4.1.3.3 Process actions

Each process operation can be subdivided into an ordered set of one or more process actions
that carry out the processing required by the process operation. Process actions describe minor
processing activities that are combined to make up a process operation. Typical process actions
for the react process operation might be the following:

— Add: Add the required amount of catalyst to the reactor.
— Add: Add the required amount of vinyl chloride monomer to the reactor.
— Heat: Heat the reactor contents to 55 -60xC.

— Hold: Hold the reactor contents at 55 - 60xC until the reactor pressure decreases.
4.2 Physical model

This section discusses a physical model that can be used to describe the physical assets of an
enterprise in terms of enterprises, sites, areas, process cells, units, equipment modules, and
control modules.

The physical assets of an enterprise involved in batch manufacturing are usually organized in a
hierarchical fashion as described in Figure 2. Lower level groupings are combined to form higher
levels in the hierarchy. In some cases, a grouping within one level may be incorporated into
another grouping at that same level.

The model has seven levels, starting at the top with an enterprise, a site, and an area. These
three levels are frequently defined by business considerations and are not modeled further in this
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document. The three higher levels are part of the model to properly identify the relationship of
the lower level equipment to the manufacturing enterprise.

The lower four levels of this model refer to specific equipment types. An equipment type in
Figure 2 is a collection of physical processing and control equipment grouped together for a
specific purpose. The lower levels in the model are specific to technically defined and bounded
groupings of equipment. The four lower equipment levels (process cells, units, equipment
modules, and control modules) are defined by engineering activities (see 5.2.3 and 6.1.3).
During these engineering activities, the equipment at lower levels is grouped together to form a
new higher level equipment grouping. This is done to simplify operation of that equipment by
treating it as a single larger piece of equipment. Once created, the equipment cannot be split up
except by re-engineering the equipment in that level.
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NOTE — The boxes for the top three levels are shown with slashed lines to indicate that the criteria that
are used for configuring the boundaries of these three levels is often beyond the scope of batch control
and this standard. Therefore, criteria for configuring the boundaries of these three levels of the physical
model will not be discussed in this standard.
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4.2.1 Enterprise level

An enterprise is a collection of one or more sites. It may contain sites, areas, process cells, units,
equipment modules, and control modules.

The enterprise is responsible for determining what products will be manufactured, at which sites
they will be manufactured, and in general how they will be manufactured.

There are many factors other than batch control that affect the boundaries of an enterprise.
Therefore, the criteria for configuring the boundaries of an enterprise are not covered in this
standard.

4.2.2 Site level

A site is a physical, geographical, or logical grouping determined by the enterprise. It may
contain areas, process cells, units, equipment modules, and control modules.

The boundaries of a site are usually based on organizational or business criteria as opposed to
technical criteria. There are many factors other than batch control that affect these boundaries.
Therefore, the criteria for configuring the boundaries of a site are not covered in this standard.

4.2.3 Arealevel

An area is a physical, geographical, or logical grouping determined by the site. It may contain
process cells, units, equipment modules, and control modules.

The boundaries of an area are usually based on organizational or business criteria as opposed to
technical criteria. There are many factors other than batch control that affect these boundaries.
Therefore, the criteria for configuring the boundaries of an area are not covered in this standard.

4.2.4 Process cell level

A process cell contains all of the units, equipment modules, and control modules required to
make one or more batches.

Process control activities must respond to a combination of control requirements using a variety
of methods and techniques. Requirements that cause physical control actions may include
responses to process conditions or to comply with administrative requirements.

A frequently recognized subdivision of a process cell is the train. A train is composed of all units
and other equipment that may be utilized by a specific batch. A batch does not always use all the
equipment in a train. Furthermore, more than one batch and more than one product may use a
train simultaneously. The order of equipment actually used or expected to be used by a batch is
called the path. Although a process cell may contain more than one train, no train may contain

equipment outside the boundaries of the process cell.

A process cell is a logical grouping of equipment that includes the equipment required for
production of one or more batches. It defines the span of logical control of one set of process
equipment within an area. The existence of the process cell allows for production scheduling on
a process cell basis, and also allows for process cell-wide control strategies to be designed.
These process cell-wide control strategies might be particularly useful in emergency situations.

4.2.5 Unit level

A unit is made up of equipment modules and control modules. The modules that make up the
unit may be configured as part of the unit or may be acquired temporarily to carry out specific
tasks.

One or more major processing activities — such as react, crystallize, and make a solution — can
be conducted in a unit. It combines all necessary physical processing and control equipment
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required to perform those activities as an independent equipment grouping. It is usually centered
on a major piece of processing equipment, such as a mixing tank or reactor. Physically, it
includes or can acquire the services of all logically related equipment necessary to complete the
major processing task(s) required of it. Units operate relatively independently of each other.

A unit frequently contains or operates on a complete batch of material at some point in the
processing sequence of that batch. However, in other circumstances it may contain or operate
on only a portion of a batch. This standard presumes that the unit does not operate on more than
one batch at the same time.

4.2.6 Equipment module level

Physically, the equipment module may be made up of control modules and subordinate
equipment modules. An equipment module may be part of a unit or a stand-alone equipment
grouping within a process cell. If engineered as a stand-alone equipment grouping, it can be an
exclusive-use resource or a shared-use resource.

An equipment module can carry out a finite number of specific minor processing activities such
as dosing and weighing. It combines all necessary physical processing and control equipment
required to perform those activities. It is usually centered on a piece of processing equipment,
such as a filter. Functionally, the scope of the equipment module is defined by the finite tasks it
is designed to carry out.

4.2.7 Control module level

A control module is typically a collection of sensors, actuators, other control modules, and
associated processing equipment that, from the point of view of control, is operated as a single
entity. A control module can also be made up of other control modules. For example, a header
control module could be defined as a combination of several on/off automatic block valve control
modules.

Some examples of control modules are

— a regulating device consisting of a transmitter, a controller, and a control valve that is
operated via the set point of the device;

— a state-oriented device that consists of an on/off automatic block valve with position
feedback switches, that is operated via the set point of the device; or

— a header that contains several on/off automatic block valves and that coordinates the
valves to direct flow to one or several destinations based upon the set point directed to the
header control module.

4.3 Process cell classification

This section discusses the classification of process cells by the number of different products
manufactured in the process cell and by the physical structure of the equipment used in the
manufacturing.

4.3.1 Classification by number of products

A process cell is classified as single-product or multi-product based on the number of products
planned for production in that process cell.

A single product process cell produces the same product in each batch. Variations in procedures
and parameters are possible. For example, variations may occur in order to compensate for
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differences in equipment, to compensate for substitute raw materials, to compensate for changes
in environmental conditions, or to optimize the process.

A multi-product process cell produces different products utilizing different methods of production
or control. There are two possibilities:

— All products are produced with the same procedure using different formula values
(varying materials and/or process parameters).

— The products are produced using different procedures.

4.3.2 Classification by physical structure

The basic types of physical structures discussed here are single path, multiple path, and
network.

A single-path structure is a group of units through which a batch passes sequentially (see
Figure 3). A single-path structure could be a single unit, such as a reactor, or several units in
sequence. Multiple input materials are typically used; multiple finished materials may be
generated. Several batches may be in progress at the same time.

Input Finished
Materials UNIT 1 UNIT 2 Materials
Storage Storage

Figure 3 — Single-path structure
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A multiple-path structure is shown in Figure 4. It consists of multiple single-path structures in
parallel with no product transfer between them. The units may share raw material sources and
product storage. Several batches may be in progress at the same time. Although units within a
multi-path structure may be physically similar, it is possible to have paths and units within a multi-
path structure that are of radically different physical design.

v
Unit 1
Input
Materials Finished
Storage Unit 2 Unit 3 Materials
Storage
A 4
Unit 4 I Unit 5 I I Unit 6 I
Figure 4 — Multiple-path structure
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A network structure is shown in Figure 5. The paths may be either fixed or variable. When the
paths are fixed, the same units are used in the same sequence. When the path is variable, the
sequence may be determined at the beginning of the batch or it may be determined as the batch
is being produced. The path could also be totally flexible. For example, a batch would not have
to start at either Unit 1 or Unit 3; it could start with any unit and take multiple paths through the
process cell. The units themselves may be portable within the process cell. In this case,
verification of the process connections may be an important part of the procedures. Note that
several batches may be in production at the same time. The units may share raw material

sources and product storage.

Input
Materials
Storage

Unit 1

| Unit 2 I

Unit 3

A\ 4
Unit 4

A

Finished
Materials
Storage

Figure 5 — Network structure
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5 Batch control concepts

This section discusses the batch control concepts needed to address the batch processing/batch
manufacturing needs presented in the preceding section and to define a consistent way of
operating a batch manufacturing plant. A structure for batch control is discussed that introduces
three types of control needed for batch manufacturing. When these control types are applied to
equipment, the resulting equipment entities provide process functionality and control capability.

The concept of recipes is discussed, including the four types of recipes described in this standard
and the contents of these recipes (in terms of the information categories used to describe a
recipe). A relationship is established between the procedure in a recipe and the control
associated with specific equipment entities (equipment control). The concept of collapsibility of
the recipe procedure and of equipment control is discussed. Recipe transportability criteria are
introduced for the four types of recipes.

Production plans and schedules, reference information, production information, allocation and
arbitration, modes and states, and exception handling are other batch control concepts
discussed in this section.

The intent of the models and terminology introduced in this section is to establish the necessary
batch control understanding so that the control functions that are needed to address the diverse
control requirements of batch manufacturing can be discussed in Section 6.

5.1 Structure for batch control

Section 4 introduced a physical model that defined terms for the hierarchy of equipment typically
found in a batch manufacturing environment. This section describes the three types of control
(basic control, procedural control, and coordination control) typically needed in batch
manufacturing.

5.1.1 Basic control

Basic control comprises the control dedicated to establishing and maintaining a specific state of
equipment and process. Basic control

— includes regulatory control, interlocking, monitoring, exception handling, and repetitive
discrete or sequential control;

— may respond to process conditions that could influence the control outputs or trigger
corrective actions;

— may be activated, deactivated, or modified by operator commands or by procedural or
coordination control.

Basic control in a batch environment is in principle no different from the control of continuous
processes. However, in the batch environment, there may be higher requirements on the ability
for basic control to receive commands and to modify its behavior based on these commands.

5.1.2 Procedural control

Procedural control directs equipment-oriented actions to take place in an ordered sequence in
order to carry out a process-oriented task.
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Procedural control is a characteristic of batch processes. It is the control that enables equipment
to perform a batch process.

Procedural control is made up of procedural elements that are combined in a hierarchical manner
to accomplish the task of a complete process as defined by the process model. The hierarchy of
identified and named procedural elements is illustrated in Figure 6 and consists of procedures,

unit procedures, operations, and phases.

Procedure

consists of an
ordered set of

/\

Unit
Procedure

consists of an
ordered set of

/N

Operation

consists of an
ordered set of

Phase

Figure 6 — Procedural control model
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5.1.2.1 Procedure

The procedure is the highest level in the hierarchy and defines the strategy for carrying out a
major processing action such as making a batch. It is defined in terms of an ordered set of unit
procedures. An example of a procedure is "Make PVC."

5.1.2.2 Unit procedure

A unit procedure consists of an ordered set of operations that causes a contiguous production
sequence to take place within a unit. Only one operation is presumed to be active in a unit at any
time. An operation is carried to completion in a single unit. However, multiple unit procedures of
one procedure may run concurrently, each in different units. Examples of unit procedures include
the following:

— Polymerize VCM.
— Recover residual VCM.
— Dry PVC.

5.1.2.3 Operation

An operation is an ordered set of phases that defines a major processing sequence that takes
the material being processed from one state to another, usually involving a chemical or physical
change. It is often desirable to locate operation boundaries at points in the procedure where
normal processing can safely be suspended.

Examples of operations include the following:
— Preparation: Pull a vacuum on the reactor and coat the walls with antifoulant.
— Charge: Add demineralized water and surfactants.
— React: Add VCM and catalyst, heat, and wait for the reactor pressure to drop.

5.1.2.4 Phase

The smallest element of procedural control that can accomplish a process-oriented task is a
phase. A phase may be subdivided into smaller parts. The steps and transitions as described in
IEC 848: 1988 document one method of defining subdivisions of a phase.

A phase can issue one or more commands or cause one or more actions, such as

— Enabling and disabling regulating and state-oriented types of basic control and
specifying their set points and initial output values

— Setting, clearing, and changing alarm and other limits
— Setting and changing controller constants, controller modes, and types of algorithms

— Reading process variables, such as the gas density, gas temperature, and volumetric
flow rate from a flowmeter, and calculating the mass flow rate through the flowmeter

— Conducting operator authorization checks.
The execution of a phase may result in
— commands to basic control,
— commands to other phases (either in the same or another equipment entity); and/or

— the collection of data.
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