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e Introduction to ISA 95 & MES
e Advantages of the ISA95 standard
e Most important models of ISA95

* Practical applicability of the ISAS5 models for
end users, consultants and engineers

* Practical examples and descriptions of typical
application structures

e Questions and answers
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What is ISA 95

e USA ANSI standard developed by an ISA Committee of volunteer experts

* ANSI/ISA 95.01 ed2 “Enterprise - Control System Integration —
Part 1: Models and Terminology”

e ANSI-ISA 95.02 ed2 “Enterprise - Control System Integration —
Part 2: Objects and Attributes”

* ANSI/ISA 95.03 ed2 “Enterprise - Control System Integration —
Part 3: Models of Manufacturing Operations”

* ANSI/ISA 95.04 ed1 “Enterprise - Control System Integration —
Part 4: Objects and attributes for manufacturing operations management
integration”

* ANSI/ISA 95.05 ed3 “Enterprise - Control System Integration —
Business to Manufacturing Transactions

* Also available as IEC/ISO 62264 standards
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A Bit Of History \‘\Q

* Prior to ISA 95
— MES was not a well defined area, slow growth in deployments
— MES was sometime viewed as a solution in search of a problem
— Hard to integrate with business level systems and shop floor control
— Very, very, very industry specific
— No common definitions or terminology
e AfterISA 95
— Redefined MES as MOM (Manufacturing Operation Management)
— MOM activities are well defined
— Standard definitions and terminology, common requirements

— Well understood and supported business level to ship floor control
integration

— More cross-industry solutions becoming available
— Significant competition and advances in solutions
— Rapid growth in deployments
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Example Benefits from MES/MOM*

Document Review Approval (SOPs) $100,000 - $3 Million 10% - 80%
Batch Record Preparation & Handling $11,000 - S1.3 Million 40% - 80%
Batch Record Review $115,000 - $S1.0 Million 40% - 80%
Data Entry & Calculations $20,000 - S4.6 Million 40% - 90%
Deviations $6,000 - $1.3 Million 25% - 60%
Logbook Handling $7,000 — $105,000 25% - 80%
Material Losses Value of preventable discards 30% - 60%
Testing Preventable deviations testing 30% - 50%
Inventory Carrying Costs Reduced Inventory Carrying

Throughput Svalue of additional batches

RANGE OF TOTAL ANNUAL BENEFITS $450,000 - >$10 Million

SA

* CBINet Conference, INDUSTRY BEST PRACTICES FOR MES ARCHITECTURE, August 2009, Key Considerations for [rter=rmytridin
MES Project Planning and Execution, Michalle Adkins and Paul Brandenburg (Lilly)
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The Advantages of the ISA 95 Standard

e Common terminology and definition of functions
— Simplifies writing requirements for end-users
— Simplified vendor understanding of end-user requirements

e Integration of ERP with MES/MOM systems
— Prior to ISA 95, projects took 1-2 years & <50% successful
— After ISA 95, projects take 2-4 months & >90% successful

e Definition of MES/MOM systems
— Prior to ISA 95, specification took years to reach agreement
— After ISA 95, typical specifications complete in < 6 months

— Possible to compare different vendor solutions
e Better match to requirements

— Possible to compare different facilities
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Levels and Functions
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Copyright 2012, MESA International

Manufacturing Control
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Level 1 Process Sensing, Process Manipulation,...




ISA95 Domain Definitions

 Provides a method to answer the question;

“What is in logistics
and
what is in operations ?”

e Whatisin Level 4 or Level 1-2-37
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Criteria for Level 3,2,1

e Activities to be included in Level 3, 2, or 1 are directly involved in
manufacturing and includes information about personnel,
equipment, or material and meets any of the following conditions.

— The activity is critical to plant safety.
— The activity is critical to plant reliability.
— The activity is critical to plant efficiency.

NOTE: Absolute plant efficiencies may be dependent upon factors that are outside the control of a facility (MRP
schedules, product mixes, etc.).

— The activity is critical to product quality.
— The activity is critical to maintaining regulatory compliance.

EXAMPLE: Maintaining regional, government and other agency compliance related to products and production.
NOTE: This includes such factors as safety, environmental and cGMP (current good manufacturing practices) compliance.

—  NOTE: There are other criteria such as company policy and organizational structure, or the nature of the operations that could
expand the scope of manufacturing operations management.

—  NOTE: Such activities as personnel management of salaries and job titles may be important for running a manufacturing
business, but they are not considered part of manufacturing operations management.
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ISA 95 Formal Models

e Interfaces to business systems (ERP, MDM, PLM) through XML
and WBF B2MML Standard (www.wbf.org)

e Standard model for MOM tasks and activities
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Process Segments

* Defines the Business View of production

/ Pharmaceutical Manufacturing Example \
(3 Segments)
. Finishe
: Ingredien
Materials \ 8 ' Products
Inventory tracked Inventory tracked Inventory tracked
for Active Ingredient for Pills for Pill Packs
< > < > < >

Know throughput, Know throughput, Know throughput,

resources and time to resources and timeto resources and time to

make Active Ingredient make Pills make Pill Packs MESA

INTERNATIONAL
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Enterprise Integration — ISA 95 &

B2MML

* |ntegration of business systems to shop floor
systems is an important final phase in an ERP
implementation
— Companies are discovering that the true value in a

logistics system only comes when it is connected to
real world shop floor information.

* The ISA 95 and IEC 62264 standards define the
standard terminology for business to
manufacturing integration

e The WBF B2ZMML (Business to Manufacturing
Markup Language) defines an implementation
emerging as the preferred integration method
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How Does ISA 95 & B2ZMML Help?

e |SA95 Part 1, Part 2, and Part 5

— Provides a clear description of exchanged information
* Does not use vendor specific terminology
— Each piece of exchanged information has an unambiguous
meaning

e Uses a “Property” model to describe company specific exchange
information

— Allows separation of business processes from manufacturing
processes

* Allows changes in production processes without requiring
unnecessary changes to scheduling and logistics processes

* B2MML

— Defines an implementation of the ISA models in an XML format

— Defines a standard language for representing exchanged
information

MESA
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ISA 95 & B2MML Data Models

Is assembled from Is assembled from Is assembled from

Lesource Dperations perati Oparations mo n @0 n <L on |on o.n

i atio apa b sched yerforma Defines
information capa i schadule pertormance vaora |SCines atorial N aterial
Class 0.n . Definition 1.1 Defined by 0..n Sublot

Is assembled from

0.n
Has Has Is tested Is tested

H
Has
properties properties values for
of Is tested of bya> bya> valuesfor | May be made up
o.n 0.n of sublots

bya>

0.
"1 Material Test

o.n Specification

3 Records the
Definesa | _. execution of QA Test
procedure Result

s tested

N
Is tested
bya>

for
0.n - o.n obtaininga

Material Material
Class le Definition
Property Property
] & I &
on L—J on bL—J

<may contain nested <may contain nested

<may contain nested

Equignrantand process Cnsrztions! Onszetionz
graafic producmian s COmMIMiE A0S

<Material

<MaterialLot> Attribute Description Production Maintenance Quality Inventory

<ID> W89 </ID> Name Examples Examples Examples | Examples
(Descr::l.ption..} M (/Description} ID A unique identification of a Polymer sheet 200 cP Oil RH5510 20 mil
<MaterialDefinitionID “WXE908" /> specific material class, within the | stock 1001A (SAE 90) Wrap

<Location> Tagk 1 </Lacation> Sxchanged (produciion capabilty

<Quantity UnitOfMeasure = "KL" > 4500 production schedule, production '

</Quantity> performance, ...)

<MateriallotPropertv> Description Additional information about the Solid polymer Very High Oxidizing Wrap used
<ID> dateTimeProduction </ID>‘ material class. resin Viscosity Agent to wrap
B T e et Lubricating pallets

<Value> 2001-01-06T00:14:23+11:30 </Value> oil
< te;:'alLOtPrOPertY> Assembly Optional: Defines the type of the Physical Physical Logical Physical
<MaterialLotProperty> Type assembly.

<ID> Quality Status </ID>

<Value> ,Gid </Val“e> Assembly Optional: Defines the type of the Permanent Transient Permanent | Transient
</MateriallotPropertyv> Relationship | relationships
</Materiallot> .
</Material>
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Exchanged Level 3-4 Information

Enterprise Information

p Plant Production Scheduling,
/ Operational Management, etc

ResourL\e

Informaﬁg\n Operations Operations
(Ep‘ilri”m"::: \\\\\\\\\\\\\\\\ I Schedule_ | Performance
Wi * || “Informa | (Whattomake | (Whatwas made
Physical Asset, || =000 | | =1 P
Material, A eakbenbebodb et iy e - otk d‘;’ i Wa\s\\
Segments) // iy

//

/
/‘1 5Upervision, Production Planning,
— Reliability, Assurance, etc
Most Used MESA
EXChanges TOday INTERNATIONAL
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Material Information

e What is shared
e Material Master & Material Inventory information

Material Class Material Definition Lot Sublot
HCI Acid HCI 50% HCL-50-100019 HCL-50-100019
Barrel 15

pH Density Color Purity Materia|TestJ< /\ MateriaITestJ Location

Results / \ Specification
pH Density Color Purity MESA
7.0 1.05 Straw 99.5% ATEIRATEEAL
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Material Information

e Material Master

— Represented in “Material Definition” & “Material
Class”

— Usually sent from ERP (SAP) to MOM systems

e Triggered by changes to material masters or changes sent on
a regular basis (every shift, once a day, ...)

— Widely used in MOM activities to identify materials
e Material Inventory

— Represented in “Material Lot” & “Material Sublot”

— Contains quantity, location, status information and
company specific properties
e Example: pH, octane, “Use by date”, QA status, ...

MESA

INTERNATIONAL
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Material Information — ISA 95 Model

 Exchange information about properties of
material lots, sublots, definitions, and classes

Is assembled from

Is assembled from

=

Material

Class

Has
properties
of

Is assembled from Is assembled from

0..n
Defines
a grouping Material
0..n Definition
Has Has
Is tested
properties by a > Is tested values for Has
Is tested of by a > values for
by a > 0..n 0..n
0.. .
B Material Test
Il Specification
Is tested Records the
by a > 0.n . 0.n execution of
Is tested Definesa | _____ ____| o ____l
by a > procedure
for
0..n 0..n obtaining a

Material
Class

Property

0..n

< may contain nested
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Material Information — B2ZMML

Document

<Material>
<MateriallLot>
<ID> W89 </ID>
<Description> A lot of material </Description>
<MaterialDefinitionlD “WXE908” />
<Location> Tank 1 </Location>
<Quantity UnitOfMeasure = "KL" > 4500
</Quantity>
<MateriallLotProperty>
<ID> dateTimeProduction </I1D>
<Value> 2001-01-06T00:14:23+11:30 </Value>
</MaterialLotProperty>
<MateriallLotProperty>
<ID> Quality Status </ID>
<Value> Good </Value>

</MaterialLotProperty>
</MateriallLot>
</Material> MESA

INTERNATIONAL
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Role Based Equipment Information

 Exchange information about properties of specific equipment and equipment
classes
* The specific properties are defined by the end user

— Example: Validated for specific equipment, in-use, sterile, benchmark capacity, heat transfer
efficiency, ...

< May be made up of

Equipment
Class - < Defined by

Equipment

0..n

Has d | d Has
properties Is teste S teste values for >
of > by an > by an >

0..n 0..n

Equipment
Capability Test
Specification

Equipment
Capability Test
Result

0.n 0..n < Records the
Defines a execution of
procedure for
obtaining an >

0..n Is tested
by an >

Equipment - - Equipment

Class Property Property

MESA
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< may contain nested < may contain nested

The power of knowing what MESAKNOWS



Physical Asset Information

e Exchange information about properties of specific physical
assets and physical asset classes

 The specific properties are defined by the end user
— Example: In maintenance, last used date, stock power, ...

> May be made up of
0..n

> is an instance of
Physical 1.1 WS
Asset 0..n Asset Class
0..n 0..n
Has Is tested Is tested Has
values for > by an > by an > properties
0..n 0..n of >
Physical Asset
Capability Test
Physical Asset < records the Specification
testing of
Capability Test |kl R 0.n 0.n
Result Defines a
procedure for Is tested
obtaining an < by an < 0..n
Physical 0.n  Mapsto Physical

Asset el bbb -3
Property

Asset Class
Property

MESA

INTERNATIONAL

0..n

< may contain nested < may contain nested
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Operations Schedule

 What actions to perform
— Materials to make
— Priority and/or dates
— What materials to use
— What equipment to use
— What personnel to use
— Production parameters (e.g. Color, Options,...)

* Per Segment (step in production)
e Per location (Site, Area, ...)
 Per week, day, shift, order, ...

MESA

INTERNATIONAL
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Scheduling Hierarchy

Business Plan (APICS)
? (Per Business Area, Per Time)

Marketing Plan (APICS)

(Per Product Family, Per Time)
? ISA-95.00.01 - 1.1 Production Forecasting Activity

Production Plan (APICS)

(Per Product, Per Time)

? ISA-95.00.01 - 2.4 Production Scheduling Activity

Operations Schedule (ISA 95) - Master Production Schedule (APICS)

(Per Site, Per Product, Per Time)
’ ISA-95.00.03 Detailed Production Scheduling Activity

Work Schedule (ISA 95)

(Per Line, Per Product, Per Time)

ISA 95.00.03 - Production Dispatching Activity

Job List (ISA 95) & Batch List (ISA 88)

(Per Process Cell, Per Batch)

? ISA 88.00.01 - Process Management Activity - ISA 95.00.03 Production Execution Actiyj

Work Directive (ISA 95) & Control Recipe (ISA 88) MESA

INTERNATIONAL
(Per Unit, Per Batch)

Copyright 2012, MESA International



Operations Schedule

Operations

Schedule

Is made up of
May correspond
Operations NS cEUW Operations
Definition Request

Is made up of

May correspond
toan <

Requested

Process P Segment

Segment Corresponds Requirement
toan <

Segment
Response

May contain

Material
Requirement

Segment Personnel Equipment Physical Asset
Parameter Requirement Requirement Requirement

Is assem bled

from
May be made up of
Personnel Equipment Physical Asset Material
Requirement Requirement Requirement Requirement M E SA
Property Property Property Property INTERNATIONAL

The power of knowing what MESAKNOWS




Operations Performance

e What was done

— What material was produced & how much

— What material was consumed or used & how
much

— What equipment was used & how long
— What personnel were used & how long

* Per Segment (step in production)
e Perlocation (Site, Area, ...)
 Per week, day, shift, order, ...

Copyright 2012, MESA International



It Takes More Than Just Schemas

e The B2ZMML standard defines the structure of
integration data

e But, it does not define the detailed definition
of the source and target exchanged data

e B2MML provides a template or format, much
as a blank check, but does not specify the
source or destination of the data in the
application name space

e Multiple methods exist for data mapping

Copyright 2012, MESA International



An XML Example

Production Schedule

Operation Schedule

.........

<Operat|onsRequest>
N>0010
<Description>Use Case</Description>
<OperationsType>Production</OperationsType>

>6005-3</OperationsDefinitionID. _
Segment Requirement

Operation Request

<LatestEndTime>2011-10-11T19:31:34</LatestEndTime>
<EquipmentRegquirement>
<EqU|pmentID>MT60</EqU|pmentID>

Material Produced

</ MaterlaIReq U|rement>
</SegmentRequirement>
</OperationsRequest> MESA

INTERNATIONAL

</OperationsSchedule>
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Production Performance

ARLA FOODS

Mapped to SAP PI-PCS Interface

XML Document PI-PCS Interface
*Pmdu:'linnﬁserfnrmance )}:
I W 000001002387 (=EAP R rocess Order) PI_CRST
FroductionSsndule il ACIA0 1002387 (=5AP Fracnss Crdar) ﬂ[:'.v.'.nnH FPPI_FROCESS ORDER
FPublished dae DO-MEA-YY HH MBLSS (indrface genarated] )% I* FPFPI_CONTROL REZIPE
®location X FPPI_CONTROL_RELIPE _STATUS

EquipmentiCx P42 (=3AF code for Bant Vimmerby)

r FPPI_EVEMT_DATEx
FPPI_EWEMT_TIME x

EquipmeniExmeniLayvel Sile Level s

FPioductionRxsponae 3

I ® Q001002387 (=SAPFrocess Ordar)
FroductianFquestil OO0 1002387 (=5AP# roonss Order)
Sm—————" TE—— %
T3 ®
e
ProductSegmeiiRasponss }%
T o * 1DIADINRIA0RISHIE (#5AP Coniral Recipa) Jr i natruction catagoryMessage catator,
AchualStarTine 30-10-05 15:2.00
ActualEndTise A0-10-03 214200 kS Batﬂh GRJIPI BT CR
SegmantSaiae Camplete or Running X JT':- — — —
0 }Qqamnapr.ym.;gge.mum —PPPI_PROCESE_ORJER
H ggf;: i MatarisDatnitoniD x ACIO0GIN0IA4523T41 ® . s FPPI_MATERIAL X
BLaE4  dmaterislLotn ¥ AZEIZAPI0Z e FPPI_BATCH #
GEESE Loianny i PPPI_BATCH_MEW X
§ E&?ﬁ; CluantryString = Lilafid]
E E ;:: § _E LinitOifMdeasure 3« Kg Bamh_CUPI_BT_cL
E:E i DataTypa x Floal x § FPPI_PROCESS_OROER
® MatenalFraducadfcsalProparty B3 FPPI_BATCH x
= D * *F‘-T * : F'FFI:E-E-TL; H_CHARSC_NAME
E Valua * % PPPI_BATCH_CHARSS_WALLUE
E ValuaSiring ® 12 ® T I PPPI_CROER_TEM>UMBER
| LinitDfiaasura ® bl
E DataType W Floal ¥ b
= *Ma:analFroﬂueadwnaFruparlar :}:
Fio % FPROTEIN % -
Co'pxriéht 2012, International
productionPerformance _Vimmerby_2002.vsd




Material Produced,

ARLA FOODS

Material Consumed to SAP

:}i:uatﬂlype E %I—Inat S % | PROD 2!'PI PROD
i MaterialPrococedActual 3 | 1l | 1 PEPI PROCESS OFOER
MaterialDefinitionlD 00000000084 52374 % & EPEl OPERATION =
MaterialLotiD ¥ 425324P102 :x’. FPPI PHASE e
Quantity % FPPI_EVENT DATEx
Quantity String 4 G000 kS FFFl EVENT TIME =
UnitOileasure Kg x ] A, FRPIMATERIAL
DataType ® Float kS % | N PPPI_Bﬁ.TCH e
{ ByProduct x iX x i A, PPPI_MATERIAL_PRODUCED
)%MEI.IEHEIICUI"I@EJI‘[‘IEMU&I + - PPPI_UNIT OF MEASURE
MaterialDefinition|D = 000000000002000004 = -
MaterialLotIC ® 425324P102 ®
Location ® CDNS_‘”F'_CGNS
EquipmentIDy i onod i F}( e FPPI_PROCESS ORDER
EquipmentElemeantLzvel Lt ® lai( PPPI_OPERATION
)% Quantity P )%( FPPI_PHASE ¥
QuantityStrimg ® 5854 ® PPPI_EVENT _DATE:
UnitCfheasura # Kag i PPPI_EVENT_TIME =
DiataTypa - )%Fh:rat x FPPI_MATERIAL
%{MateriaICunsumedMuaIPmperty :%{ Lt PPPI_BATCH x
IO *® Orderltam W + PPPI_MATERIAL_CENSUMED
Value % PPPI_UNIT_OF MEASURE
aluaString ® [s=1H] ® PPPI_STORAGE_LGHGATION
UnitOffdeasure = H PPPI_RESERWATIO®:
DataType ® Slrirg ® —#PPPI_RESERVATION ITEM
ResarvationMumber 0000147829 % —
Reservationlie kS v kS -
Finallzsuwa ® X ®
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Data Mapping

B2MML Mapping Spreadsheets

e Document mapping in format suitable for implementation
* Available on the WBF web site

4 A & D E E G

1 SyncProductionSchedule From Zeus To Apollo

2 Specification 1D Specification [D i |
3 | Mappe-?| Full Path ~| Tree View - Unhide Column B for Sort Column|~| Note ~ Xpath v | FlatFile - Field ~

71| Wapped |/SyncProductions
86 | Mapped |/SyncProductionS
106 Mapped |/SyncProductionS
121 Mapped |/SyncProductionS

| -——PersonnelBRequirement =

| | ——Perascnnel RBequi rementPropenty -

| ——EquipmentRequi rement -

| | ——EquipmentRequi rementPropenty -

141 Mapped |/SyncProductionS | -—Material Requirement One Material Requirement for the Produced Material

143 Mapped |/SyncProductionS |  |--MaterialDefinitionID . [ProductionQrderMaterial/ldentification/ID Produced tem Code S

151 Mapped |/SyncProductionS | --Materiallze Fixed text |"Produced”

153 Mapped |/SyncProductionS | | --DuantityString . [ProductionQrderMaterial/Planned Quantity Produced Quantity Code |3

155 Mapped |/SyncProductionS | |--DataType Fixed text |™

156 Mapped |/SyncProductionS |  |--TmitDfMeasure . [ProductionQrderMaterial’Planned Quantiby@unitC|{ Produced Quantity UOK (S
| --MaterizalRequirenentProperiy -

160 Mapped |/SyncProductionS | |--1ID Fixed text |"Expiration Dats”

163 Mapped |/SyncProductionS [ | -—ValuaString . [ProductionQrderMaterial/ltemReference/Specific| Planned Epiration Date

165 Mapped |/SyncProductionS

166 Mapped |/SyncProductionS | | |--UnitDfMeasure Fixed text

179 Mapped |/SyncProductionS

| -—-MaterialRequiremnentProperiy -

| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
159 Mapped [/SyncProductionSq| | |1
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |

|

|

|

|

I

|

|

| I | |--DataTvpe Fixed text |“dateTime”
| -
I

|

|

|

I

I

180 Mapped |/SyncProductionS | |--1ID Fixed text |"Potency”

183 Mapped |/SyncProductionS [ . | -—ValueString JProductionQrderMaterialltemBPeference/Specific| Planned Potency

185| Mapped |/SyncProductionS | | |--DataType Fixed text |™

186| Mapped |/SyncProductionS | | |--UnitDilMeasure ./ProductionOrderMaterialltemReference/SpecificationGroup/Specification[Mam:
199| Mapped |/SyncProductionS —-MaterialRequirement One MaterialRequirement for each Consumi One Line Per Conzumed Mate

o i | Elonn o I en e D edinm Ed 1 ' 1 1 1 1 A e i om ] Thm i oam i i : H ; : P s Ralrr oo Bore od |
4 » 9| Document History | Sync .~ Process .~/ Get . Show . . AN i
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ISA 95 Part 5 - Transactions

Description

GET Request to a receiver for information on one or more objects. The response is a SHOW
message.
The receiver returns a SHOW message containing all the specified attributes and all the
specified contained elements of the specified nouns. If no attribute or contained element is
specified in the noun area, then all attributes and/or contained elements shall be returned.
When wildcards are applied to the noun and property IDs, it shall be possible to further filter
the information to be returned by specifying a value for one or more attributes of the noun.
Only objects whose attributes match the specified value (out of the list of objects matching
the wildcards applied to noun and property IDs) shall be returned.

PROCESS Request to a receiver to process new information. The response is an ACKNOWLEDGE
message.
A new noun is added.

CANCEL Request to a receiver to remove information.
The specified noun is canceled.

CHANGE Request to a receiver to change information. The response is a RESPOND message.
The specified attributes and contained elements of the noun are changed.

SYNC ADD Request from the owner of the object to add information.

SYNC CHANGE | Request from the owner of the object to change information.

SYNC DELETE Request from the owner of the object to delete information.

CONFIRM Confirmation response to a request.
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Push Transactions in Business Process

ERP PROCESS — Production Schedule > MOM
Level 4 Level 3
Production < PROCESS - Production Performance [<orcwork
Scheduling _ complete
PROCESS* — Production Performance
< All work finished

Scenario assumptions:

1. ERP send production schedule to MOM for processing

2. MOM (Manufacturing Operations Management) sends production performance to ERP for
processing

* Message contains a FINAL flag to indicate that the message is the final production performance
for the associated production schedule.

MESA

INTERNATIONAL
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Push and Pull

Manage Material Lot Quantity

ERP MOM
Level 4 Level 3

New material lot

GET — Material Lot (ReceiptStatus = “New”)

is available
SHOW — Material Lot (quantity = 400) >

< CHANGE — Material Lot (quantity = 300) | material lot
quantity changed

< CHANGE — Material Lot (quantity = 200) | material lot
quantity changed

CHANGE — Material Lot (quantity = Q) | Material ot
< quantity changed

Scenario assumptions:

1. MOM requests material lot information from ERP

2. ERP sends information on new material lots (lots with no changes)
3. MOM pushes quantity changes in material lot to ERP

MESA

INTERNATIONAL
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Applications Need To “Talk”

e Integration is application-to-application data exchange

e Across firewalls, through APIs, web services or flat files,
across a wire, often in different languages, data
formats, at different time cycles, on different systemes,
of different ages, supported by different departments,

e [SA 95 and B2MML only provide part of the solutio
MESA

INTERNATIONAL
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Integration - The Current Situati

 Message based protocols have become the standard model for enterprise
integration

e Enterprise Service Buses (ESB) have become the standard model for
exchanging integration messages

e XML has become the standard model for data representation within
messages

e SOAP and REST have become the standard interfaces to ESBs
e Web services have become the standard for SOAP implementations

.
Application Message Application
{ A soaP> XML > XML> RES'I>£ o
Enterprise
Service Bus|_>

Application
{ c ]<SOAP < XML (&
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Integration : The Hidden Complexity

e Every integration project needs the following elements
e Some communication is one way @ - @

C )

Application
“Thor”

N

Thor
Data
Store

Convert Local \ Convert Local

format to Y natnes to
~

Global format // Global names

—D

)

Send ESB
information to
ESB Server

Application
“Apollo”

/

Apollo
Data
Store

Convert Global /
format to Local
format R

Convert Global
names to
Local names

P el

Receive
information
from ESB Server

__
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Integration — Two Way Communication

 Multiple translations, copies, services, ...
e Some communication is two-way @ > ® > © > O

Handle

Transaction
Logic

O

Application
“Thor”

Thor
Data
Store

Application
“Apollo”

Apollo
Data
Store

_
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Convert Local
format to
Global format

Convert Local
names to
Global names

Send
information to
ESB

ESB

Convert Global
format to Local
format

Convert Global

names to
Local names

Server

Receive
information
from ESB

Convert Global
format to Local
format

Convert Global

names to
Local names

<
<

Receive
information
from ESB

<
X

Convert Local
format to
Global format

<
<
)

Convert Local
names to
Global names

)

Send
information to
ESB

)
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Many Layers for Integration

e Convert Formats (B2MML)  Link to ESB

— From local to project selected — API, Web Service, ...
common (canonical) formats e Exchange Messages across
— From canonical to local ESB
format

— IP, Internet, Ethernet, WAN,
* Convert Names VPN,

(Planned ISA 95 TR.02)

— From local names to common
names (tags, status, ...)

— From common names to local
names

e Send/Receive messages
(Planned ISA 95 TR.03) —

— Publish-Subscribe methods 611
— Query-Response methods

* Transaction Logic

— Rules for handling of
messages

0 @€

informaton
from ESB

formatto Local namesto
format Local names

Local
Application | Data
Store

Logic Converl Local Cuonverl Local Send
lonnatlo names o informalion
Global format Global names ESB
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B2MML Implementations

e Multiple publicly discussed implementations:
— Nestle, Arla Food, Cerveceria Polar, P&G
— All have SAP as at least one of the ERP systems connected

e Technically
— The solutions are not much different from each other

— All using Business Connector combined with different
access to R/3: PI-PCS, IDOCS, BAPI calls, XI.

e All experienced significant improvements in integration
efforts
— For connection to different ERP systems
— For connection to different MES and control systems

MESA

INTERNATIONAL
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ISA 95

4 Categories of MOM Activities

* Production Operations Management
— Activities that coordinate, direct, manage & track the functions that use raw
materials, energy, equipment, personnel and information to produce products

[ ]

Quality Operations Management
— Activities which coordinate, direct & track the functions that measure and

report on quality
Inventory Operations Management
— Activities which coordinate, direct & track the functions that manage and track

[ J
the inventory of product and/or material and their movements
* Maintenance Operations Management
— Activities which coordinate, direct and track the functions that maintain the
equipment, tools and related assets to ensure their availability for
manufacturing aon Inyg
&> gl %,
: Ny Zz
* Models have also been applied to: Q
— Shipping, Receiving, Transportation, ... = %
% &
“ﬁ'é \@}
@,}\} INTERNATIONAL
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Models of Production Activities & Data

Operation Resource Operations Operations Operations

definition information capability schedule performance

Physical
Assets

Equipment and process Operational i T Operational Equipment and process

MESA

INTERNATIONAL

specific production rules commands responses specific data

Level 1-2 Functions
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Maintenance Operations

Maintenance Maintenance Maintenance Maintenance
definitions capability request response
Y

Maintenance . Equipment
Maintenance
commands and results state of
procedure health data

Level 0-1-2 personnel & equipment M ESA

INTERNATIONAL

Equipment specific
maintenance procedures

The power of knowing what MESAKNOWS



Quality Test Operations

Quality test
definitions

Quality test
capability

Quality
parameters and
procedures

Quality test
request

Quality test
response

Test
responses

Test
commands

Quality
specific data

Level 0-1-2 equipment

The power of knowing what MESAKNOWS

INTERNATIONAL
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Material Movement and Inventory

Transfer Activities

Inventory Inventory Inventory Inventory
definjtions capability reqiest response

Inventory
storage definitions

Inventory
commands

Inventory
replies

Inventory
specific data

Level 0-1-2 - M ESA

inventory equipment : INTERNATIONAL

The power of knowing what MESAKNOWS



All Operations Categories

Operations Resource Operations Operations Operations

definition information capability schedule performance

Physical
Assets

PI‘thun—*:_ )
“ullon

o
=

guipment

Equipment and process Operational Operational Equipment and pfare
specific production rules commands responses specific data M E s A

INTERNATIONAL

Level 1-2 Functions
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ISA 95

Requirements for MOM

e The ISA 95 Part 3 standard defines about > 80% of the activities that
occur in Manufacturing Operations Management (MOM)
— Production Operations Management
— Maintenance Operations Management
— Laboratory (Quality) Operations Management
— Material Handling & Storage (Inventory) Operations Management
— Supporting activities
* Management of security
 Management of information
 Management of configuration
* Management of documents

 Management of regulatory compliance
* Management of incidents and deviations

e Activities are used as a map to identify MOM requirements

MESA

INTERNATIONAL
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ISA 95.03 Format

e Part 3 defines the tasks
and activities for all 4
categories of MOM

— ltis a straight forward
process to convert these
into requirements

e Most MOM/MES users
are using this outline to
generate their MOM
requirements

— Not all projects cover all
categories

— Not all projects cover all
activities within a category

Copyright 2012, MESA International
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Product Detailed
definition produn:tln:un |
chedullng

Activities and

~ Work center specific

T / \ product production \
a rules and detailed

S S dF;?ﬁ:;jitl;tn | production routing PmdUCtIIZI
wanage m W |spatch|/

Equipmenta_n_d

e Standard lists tasks that process specifc
occur in each activity PN | 'LTS:“U?Z‘.L".?
. FUI'I(tiDI‘IS ’_,: Illdl‘lal]EII’IEI'lt

e The standard does not . Functions e
Specify an a rch itectu re or Figure 10 - Product definition management activity model interfaces

0 rga n |Zat|0 n 6.4.3 Tasks in product definition management
[} Ta S k Iist can be q u ickly Product definition management tasks may include:

a) Managing documents such as manufacturing instructions, recipes, product structure diagrams,

conve rted intO manufacturing bills, and product variant definitions.
re q u | reme nts b) Managing new product definitions.

c) Managing changes to product definitions. This may include the ability to route designs and

° Id e nt |fy \Y; h IC h a Ct IVIt les are manufacturing bill changes through an appropriate approval process, management of versions,

tracking of modifications, and security control of the information.

tO be Su p pO rtEd d) Providing product production rules to personnel or other activities.
. . EXAMPLE:
[
Id € nt Ify W h IC h resources These may take the form of manufacturing steps, master recipes, machine setup rules, and

(equipment, personnel, process flowsheets.

. I b &) Maintaining the feasible detailed production routings for products.
m ate rl a ) a re to e f)  Providing the product segment route to manufacturing operations in the level of detail required by

su p p o) rtEd manufacturing operations.

* Write requiremen in
te eq u . e e tS us g h) Optimizing product preduction rules based on process analysis and production perfarmance analysis.
ISA 9 5 te rmino I Ogy i) Generating and maintaining local production rule sets indirectly related to products, such as for

cleaning, startup, and shutdown.

g) Managing the exchange of preduct definition information with Level 4 functions at the level of detail
required by the business operations.

1} Managing the Key Performance Indicator (KP1) definitions associated with preducts and production.

NOTE — Thers are a number of tools to assist in the preduct definition management activity, including mechanizal and
electronic computer-aided design (CAD), Compuier-Aided Engineering (CAE). and Computer-Aided Sofiware Enginesring
(CASE). recipe management systems, Computer-Aided Process Enginesring (CAPE). and Electronic Work Instructicns
(EWIs).
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ISA 95 Part 3 - Template for User

Requirement Specifications

e Typical end user
requirements (URS)

 Being used to compare
different vendor’s
functionality and
capabilities

e We finally have a vendor
independent description
of MOM/MES

e We finally have a common
way to compare different
facilities

Copyright 2012, MESA International
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MOM Boundary Defines the

Requirement’s scope

Product Production Production Production
definition capability schedule performance

Level 2 Process Control INTERNATIONAL

The power of knowing what MESAKNOWS



For All Categories

e Determine which areas are covered by the
implementation

e Most implementations cover 1 or 2 categories
e Determine the line of responsibility for each category

Maintenance Inventory
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Example: Equipment / Vessel Tracking

e At a process company one main issue was tracking
transfer vessels, their status (clean, sterile, in use, ...)
and location (in plant and between plants)

e Limited MES installed to track equipment resources

Product Resource Production Production Production
definition information capability schedule performance

 Reduced delays
due to vessel

availability and 5 1
eliminated errors e
due to incorrect o

equipment

T i
uli )
Bl PN INTERNATIONAL
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Example: Investigations & RFT Studies

e Major company’s goal was reduce incident
investigation time & RFT study time, >80% spent
collecting data

e |nstalled a limited MES for Data Collection & Analysis

Product Resourca Production Production Production
definition information capability schedule performance

e |nitial implementations
have significantly
reduced study
and investigation times

B - :INTERNATIONAL
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Typical Initial MES Implementation

Product Resource Production Production Production
definition information capability schedule performance

1 v

Level 1-2 Functions M ESA

INTERNATIONAL

The power of knowing what MESAKNOWS



The Typical MES / DCS Pattern

Product Resource Production Production Production
definition information capability schedule performance

Level 1-2 Functions - M ESA

INTERNATIONAL

The power of knowing what MESAKNOWS



Commercial MOM/MES Systems

e Mostly based on ISA 95 and ISA 88 standards

e Most solutions still focused on industry segments
— Pharmaceutical
— Automotive
— Discrete Assembly
— Food and Beverage
— Process Industries

e Site implementations range from 200K — 2M USD
depending on scope and customization required

e Paybacks come from 2%-3% year to year productivity
Improvements

— Because of ability to “lock-in” best practice procedures

MESA

INTERNATIONAL
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Summary

e |SA 95 provides a vendor independent description of
MOM/MES

 Provides a vendor independent and user independent
format for MOM requirements

e \ertical integration of system is usually required to
achieve full MOM benefits

 Well documented benefits from MOM
implementations are driving additional
Implementations

e Most vendors are supporting the ISA 95 standard and
are using it to describe their products’ functionality

MESA

INTERNATIONAL
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ISA 95 / MOM / B2ZMML Questions

The power of knowing what MESAkNOWS



Vtant

20 YEARS & KNOWING

OUR MEMBERS ARE THE MOST AGILE COMPANIES IN THE WORLD.

THEY KNOW THEY HAVE A RESPONSIBILITY TO INDUSTRY AND TO ONE ANOTHER
THEY KNOW THE CONSEQUENCES OF AVOIDING A SINGLE IMPROVEMENT CAN
MEAN MILLIONS OF DOLLARS AND A POSSIBLE GLOBAL IMPACT.

THEY KNOW THE POWER OF KNOWING WHAT MESA KNOWS.

e6We saved $2.4 million because our operations team was able to
make a case for improvement with resources from MESA 99

MESAKNOWS

DO YOU KNOW MESA?
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