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ﬂlleno&M the production management domain
= itiative

A intense interoperability Sl
between users and
applications needed in
this space transfers

Production Management

How to set up, manage, and
optimize the manufacturing operation

transfers

Operations
Control, Monitoring, Safety Systems
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transfers
Production Management
; Optimization
Planning Yields & LIMS
Inventory
Scheduling
Historian Heat &
Mass Bal.
EAMS
Manitoring
Dashboards Production
Reliability OE.. Reports

transfers



the

transfers

Production Management

Optimization
Planning Yields & LIMS

-._0 Inventory
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Mass Bal.

ﬂlleno&M Sample work process i tank line up
= nitative

Line Up Feed

o check schedule
9 check tank level
9 check lab test

@ check assay

6 stir tank

@ inspect eqpt.

6 check maintenance
@ check reliability
@ etc.

structured & unstructured data
some work is outside the applications
more than integrating data
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How Can |
Access My
Engineering
Designs &

Reliability
Study Data?

(P&ID Designs and
OEM Component Part
Cut Sheet Data)
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Data Integration Challenges

How Can |
Access My
Engineering
Designs &

Reliability
Study Data?

(P&ID Designs and
OEM Component Part
Cut Sheet Data)




iiﬁen 0&MW Industrial Asset Management

——=mnmrm | Pata Integration Challenges

How Can |

ACC_eSS My How Can | Access My
Engineering Physical Plant
Designs & Configuration and
: - Installed Equipment
R6|Iabl|lty Registry Components

Study Data?

(P&ID Designs and
OEM Component Part
Cut Sheet Data)

(Past & Present)?

How Can My Control Systems, Plant Data Historians &
Plant Asset Health/Safety/Environmental Systems
Provide Timely and Relevant Data and Events to all Other Enterprise Systems?
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——=mnmrm | Pata Integration Challenges

How Can | Make

How Can | .
Access M My Malntena_nc_e
_ ) y How Can | Access My Systems Predictive
Engineering Physical Plant or Condition-based
i Configuration and
Des_lgn.st E Installed Equipment (CB_'M_) and
Reliability Registry Components Optimize My

Study Data? Maintenance
(P&ID Designs and Resources (Labor,

OEM Component Part Parts, Tools,
Cut Sheet Data) Utilities)?

(Past & Present)?

How Can My Control Systems, Plant Data Historians &
Plant Asset Health/Safety/Environmental Systems
Provide Timely and Relevant Data and Events to all Other Enterprise Systems?



the o MTM
openU&

unlr:i:'i!zg

How Can |
Access My
Engineering
Designs &

Reliability
Study Data?

(P&ID Designs and
OEM Component Part
Cut Sheet Data)

Industrial Asset Management
Data Integration Challenges

How Can | Feed Asset Capability Data
Into My Production Optimization,
Planning & Scheduling Systems?

How Can | Make
My Maintenance

How Can | Access My
Physical Plant
Configuration and
Installed Equipment
Registry Components
(Past & Present)?

Systems Predictive
or Condition-based
(CBM) and
Optimize My
Maintenance
Resources (Labor,
Parts, Tools,

Utilities)?

How Can My Control Systems, Plant Data Historians &

Plant Asset Health/Safety/Environmental Systems

Provide Timely and Relevant Data and Events to all Other Enterprise Systems?
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Data Integration Challenges

T an

How Can | Feed Current and Future Plant
Capability To My ERP System?

(KPls, Order Management, Supply Chain,
Financial, Materiel, Logistics, HR)

How Can | Feed Asset Capability Data
Into My Production Optimization,
Planning & Scheduling Systems?

How Can |
Access My
Engineering
Designs &

Reliability
Study Data?

(P&ID Designs and
OEM Component Part
Cut Sheet Data)

How Can | Access My
Physical Plant
Configuration and
Installed Equipment
Registry Components
(Past & Present)?

How Can | Make
My Maintenance
Systems Predictive
or Condition-based
(CBM) and
Optimize My
Maintenance
Resources (Labor,
Parts, Tools,

Utilities)?

How Can My Control Systems, Plant Data Historians &

Plant Asset Health/Safety/Environmental Systems

Provide Timely and Relevant Data and Events to all Other Enterprise Systems?
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Enterprise HR, Financial,
Supply Chain, &
Order Management Data

EPC & OEM
Engineering
Product Design
Data &
Reliability
Study Data

Control Systems, Plant Data Historians

0"3“ O&MW Industrial Asset Management

nitiat Data Integration Challenges

Production Optimization,
Planning & Scheduling Data

Registry &
Lifecycle
Configuratio
n
Management
Data

Maintenance
System Data

& Plant Asset Health/Safety/Environmental Systems Data




the

™M
(lllelln& current situation

accounting

marketing

sy
=3 Cips,

i\«.\

4

— Planning

reliability

maintenance

control Supply & distribution management



illeIEII U&M Need Interoperability

Enterprise Business Systems
Enterprise Resource Planning (ERP)

25

GAP

Engineering

Physical Assets
Control Systems
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Enterprise HR, Financial,
Supply Chain, &
Order Management Data

Production Optimization,
Planninfg & Scheduling Data

>
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ergmeernn AR

Maintenance

Data & K System Data
Reliability S
Study Data 2 ‘
\)

Control Systems, Plant Data Historians
& Plant Asset Health/Safety/Environmental Systems Data
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ﬂneno& One Approach i Point to Point Web Services

order/mission mgt.,
material mgt., personnel &
financial systems (ERP),

control systems, Operational forecasting,
operational data planning & scheduling
hi storians & hm systems

CMMS
enterprise asset
periodic & online _ _ _ management (EAM) asset ca_pability
condition monitoring diagnostic / prognostic systems (asset forecastlr_lg & _
systems asset health system reg_lstry) & asset optimization
maintenance work DSS

management.

physical asset resource management systems
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Production Management Enterprise Management

Historian System

Reconciliation System

Production
System

Documents
System

Procedures

Engineering CAD/CAE Systems -

»
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Document Management

Process Modeling Systems

Planning and Dispatch Systems

Environmental Monitoring System '(

- Maintenance
System

I Supply System
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scenario 1 |
several proprietary ostdndardo solutions

MES/PCS MES/PCS MES/PCS
factory X factory Y factory ..

application X application Y
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Enterprise HR, Financial,
Materiel, Logistics, &
Mission Capability Data
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Enterprise HR, Financial,
Materiel, Logistics, &
Mission Capability Data

Production Optimization,
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Control Systems, Plant Data Historians
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onen 0& Oil & Gas/Process Industry Information

AL Domains
Domain Engineering Procurement Construction Operations Capability Enterprise Risk
(Maintenance, Asset Management /
Management, & Financial
Reliability) Management /
Contract
Management /
Business
Intelligence / KPI's
Material Piping Tool Catalogs Crude Assays Spare Parts Lists Environment Regulatory
Specifications Specifications Requirements
Material Safety Data Stores Inventory
Material Master Sheets (MSDS)
Materials Catalogs Material Reliability Data
Model Part Reliability Data
Vendor Catalogs Bill of Material As-Installed Equip. Operations As-Maintained and Equipment Lifecycle Cost
Data Operated Equip. Data Requirements
Procedures .
Maintenance Procedures Operational Performance
i KPI's
Tag ITocatlorjs Job Plans
Associated with
Process/Equipment Component
) Remove/Replace Data
Equipment Alarm Configuration
As-Operated Reliability
Operating Envelopes / Data
Tank Limits
CBM Monitoring Locations
Vendor Contracts Service Contracts Contracted Operator Unit Trade Skills Register Health & Safety
Services Tracking Knowledge Requirements
Engineering Root Cause Analysis Data
Contracts
Personnel
Eng. Capability
Assess.
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Oil & Gas/Process Industry Information

Domains

Engineering Procurement Construction Operations Capability Enterprise Risk
(Maintenance, Asset Management /
Management, & Financial
Reliability) Management /
Contract
Domain Management /
Business
Intelligence / KPI's
Design Purchase Construction Shift Roster RCM/FMECA Analysis Data Business KPI Reporting
Requirements Requests Schedule Plan
Daily Plans PM Program
Re-Design ) Environmental Monitoring
Requirements Oil Movement Plans CBM Condition Monitoring & Reporting Plan
) . Plan
Final PrOd';'ld Blending Equipment Lifecycle Cost
ans
Equipment Lubricating Oil Plan
q Sampling Plan
Price Sets
" Health & Safety Monitoring
i & Reporting Plan
Product Sampling Plans Inspection Schedule E 9
i O&M Incident (non  -EH&S
Process/Equipment Maintenance Work Monitorin &(Re ortin )
Capability Requirements Requests (Service . - -
Notifications) Plan
Maintenance Work Order
Management
Plans
Maintenance Personnel
Roster / Skill Registry
Equipment Calibration
Schedule
Planned Downtime
Schedule
Projected
Process/Equipment Health
& Future Capability
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e Domains
Engineering Procurement Construction Operations Capability Enterprise Risk
(Maintenance, Asset Management /
Management, & Financial
Reliability) Management /
. Contract
Domain
Management /
Business
Intelligence / KPI's
Calculations Purchase Orders As-build P&ID's Process Data & Alarms Process/Equipment
(current & historical) Downtime / Slowtime Business KPI Actuals
Project P&ID's Invoices Hazop Minutes
Event Management "Raw"” and "Computed" Environmental Monitoring
(Near -misses, Excusions, CBM Data & Exceptions Data and Incident
Operating Envelope . L . Reporting & Tracking
Exceedances) Equipment Lubricating Oil
. Sampling Reslts Equipment Lifecycle Data &
Tank Inventories . . Reporting
Process/Equipment Uptime
i & Current Capabilit
Product gggjrl)tllsng Lab Actua|ps Y Health & Safety Monitoring
Data & Incident Reporting
Component Tracking/
Bill of Lading Equipment Configuration O&M Incident (non  -EH&S)
Actuals Management Logs Monitoring Data &
Reporting
Inspection/Calibration/
Transfer Advices Maintenance Work Records
(Includes time & materials)
Operator Logs Work Permits
Process Configuration
Management Logs
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ﬂllelln&M Important Definitions

A Interoperability

I The ability of two or more systems or components to
exchange information and to use the information that

has been exchanged

A IEEE Standard Computer Dictionary: A Compilation of IEEE Standard Computer
Glossaries. New York, NY: 1990

A Standard

I Something set up and established by authority as a rule
for the measure of quantity, weight, extent, value, or
guality

A Merriam Webster Online Dictionary
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————initiative

standards agllity

A lower TCO

A share costs

A faster transformation to mainstream IT
A agility

A not proprietary

A interoperability
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A Increases economic competitiveness

A Compresses time to market

A Reduces infrastructure vulnerability

A Expands markets for companies

A Decreases supply chain communication costs
A Provides global access for software vendors
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NIST GCR 04-867

U.S. Department of Commerce Advanced Technology Program
N H Technology Administration Information Technology and Electronics Office

National Institute of Standards and Technology ~ Gaithersburg, Maryland 20899

Abstract

Interoperability problems in the capital facilities industry stem from the
highly fragmented nature of the industry, the industry's continued paper-
based business practices, a lack of standardization, and inconsistent
technelogy adeption among stakeholders. The objective of this study is
to identify and estimate the efficiency losses in the U.S. capital facilities
industry resulting from inadequate interoperability. This study includes
design, engineering, facilities management and business processes
software systems, and redundant paper records management across all
facility life-cycle phases. Based on interviews and survey responses,
$15.8 billion in annual interoperability costs were quantified for the
capital facilities industry in 2002. Of these costs, two-thirds are borne by
owners and operators, which incur most of these costs during ongoing
facility operation and maintenance (O&M). In addition to the costs
quantified, respondents indicated that there are additional significant
inefficiency and lost opportunity costs associated with interoperability
problems that were beyond the scope of our analysis. Thus, the $15.8
billion cost estimate developed in this study is likely to be a conservative

figure.
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more than a reference standard
target info. A

an implementation standard
architecture,

- ISA9%5
ISA88 \No"k Process Inte 7
B2MML OPC o Y, OpenO&M
WBF mode
PRODML
OAGIS 2 M,
POSC Re::::iTity & OQen ¥ Maigtzen:nce
Management Reglstry Management
‘e/wapp-\(\%
A metadata model & structures )
. . pen
A nameserviceg abstraction Condiion
. anagemen
A model maps for compliant systems O, eé\e&
] ; (@ )
A defines rich content Wabjli rorecast W

A commoditize O&M data exchange
A non-proprietary interoperability OpenO&M harmonizes the standards
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transfers

BUSINESS PROCESS / SERVICES EXECUTION ARCHITECTURE

Governance Services

Ba Pl s Workflow Execution
Composition Services Busingss - Task Orchestration
Business Services Frocess i' Mgmnt Supervisor: Broker, etc.
Application Services Model SLA Mgmnt. Services
Roles Interaction
Build Tools Responsibilities (collaboration) ‘Bind’ Services

FOUNDATION IT ARCHITECTURE

Data Model Persistence
External Model Map Intelligent Cacheing
MetaData Data Store
NameServices | [, Data Warehouse S

Event Detection Subsystem: real-time detect, correlate, publish/subscribe, forwarding, ete.

Messaging Subsystem: routing (content, rules,ete.), queueing, transformation, synch/asynch, ete.

transfers



iiﬁﬂll O&M strategic fit

transfers

BUSINESS PROCESS / SERVICES EXECUTION ARCHITECTURE

Run-time Services Workflow Execution Governance Services
Composition Services Business - Task Orchestration
Business Services Process 'h' Mgmnt Supervisor: Broker, etc.
Application Services Model SLA Mgmnt. Services
Roles Interaction
Build Tools Responsibilities (collaboration) ‘Bind’ Services
P e FOUNDATION IT ARCHITECTURE
Data Model el Persistence
e :E: ww  External Model Map | Intelligent Cacheing
e MetaData Data Store
L NameServices L = & Fy Data Warehouse ==

Event Detection Subsystem: real-time detect, correlate, publish/subscribe, forwarding, etc,

Messaging Subsystem: routing (content, rules,ete.), queueing, transformation, synch/asynch, ete.

transfers

OpenO&M
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A name services
A metadata

A model maps
A abstraction

A not proprietary

A interoperability

O
od® %
Open
Operations
Management
Q},bdata Mo
(2 4
Open S Open c Open
Reliability Regi Maintenance
Management eg'Stry Management
QMa pp'\(\%
Open
Condition
Management
O &
G o5

Pahi: \



materials
model

equipment
model

personnel

model

plant model

actuals
model

© Chevron 2007

Chevron

«

data model map
plant lifecycle

procurement

engineering construction operation capability

Piping Specs.
Material Master

Spare Parts LIS
Stores Inventory

. Reliability Data

Maintenance Procedures

Crude Assays

MSDS '

Operations Procedures
Equipment & Alarm Configuratig
Operating Envelopes

Material
Specificatig

Tool Catalog
Catalog

Job plans
As maintained egpt . data
As operated reliability data

As-installeg
Equipment Daté

dor Catalogs Bill of Material

Vendor &
Engineering
Contracts

Trade skills register
Root Cause Analysis Data

Contracted Services

Service Contracts Contracts

Operator Unit knowle

Work requests
TAR plans
PM program
Inspection schedule
Maintenance roster

Shift roster

Construction Daily plans
Schedule Stock progressions

Design
Requirements

Purchase Requests

Price sets

Equipt . Calibration

Equipt . Capability Forecast

_ wionitoring Locations Proce
Data

TAR reports
Faultdataw Op Params

Tank inventories
Lab results

Caltat Purchase Orders Component tracking

Project Invoices ° minutes Bill of Lading Inspection records
Transfer Advices
Operator Logs
PISTEP PIDX OPC MIMOSA I 1S014224

ISO 15926 .
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materials
model

equipment
model

personnel
model

plant model

actuals
model

© Chevron 2007

Chevron

data model map

engineering rocurement construction operation capabil
Piping Specs.
Material )
Specifications Material Master Tool Catalog

Catalog

Vendor Catalogs

Vendor &
Engineering
Contracts

Contracted Services

Service Contracts Contracts

Construction
Schedule

Design
Requirements

Purchase Requests

As-built P&ID &
HAZOP minutes

Calculations Purchase Orders

Project P&ID &

Invoices

openO&M standards
(based on MIMOSA, OPC, ISA95, etc.

«

29
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onenoam Suncor View -- A Coordinated Approach to
—initiative! Full Integration within the Enterprise

Integration Platform
Process-modeling & optimization

Reconciliation System gsEiE! Workflow
Pre-packaged Adaptors/ Connectors

Historian System Data

Data Encryption, Audit, Security

Adapter Development Kit
Integration Administration

Engineering CAD/CAE Sys@eEIE!

Message Routing & Brokering

Document Management Dzl Data Mapping & Transformation

Basic] Admin| Advancead

Message Transportation

Data

Message Transport

Process Modeling SysteniisEie Data Index

Planning and Dispatch SystjiBElG e Analysis Tools

Spreadsheets

Environmental Monitoring SygRELE!

OPort g
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6“" e“ o & OpenO&M Approach i Each System Engineered to Speak a

Common O&M Language over a Common Information Bus
OAGI initias / AN

nterprise HR, Financial, "l,ﬂ'r ~ Production Optlmlzm.‘:’.l.,'r
Materiel, Logistics, &

e - Plannlng & Scheduling
Mission Capability Data

|
ISO 15926

EPC & OEM Pt 2 |

Engineering ngecyglle Maintenance
Product Design S System Data

: PA4T2 (problem, plan,
Data & n VIR
ey people, parts, tools, and|
Reliability Management time]
Study Data__ Data

R
P :_I;;Q::ﬁ‘ »
SN

ounoation Control Systems, Plant Data Historians
& Plant Asset Health/Safety/Environmental Systems Data
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ﬁ‘ﬁen 0& OpenO&M Approach i Each System Engineered to Speak a
Common O&M Language over a Common Information Bus

. . order/mission mgt..,
control systems, operational forecasting, material mat.. personnel &
operational data planning & scheduling financial S gst.éras (ERP)
hi storians systems y '

CMMS

OPC XML & ISA-95, OPC XML & ISA-95
MIMOSA OSA-EAI MIMOSA OSA-EAI

OpenO&M Information Service Bus

MIMOSA OSA-EAI MIMOSA OSA-EAI MIMOSA OSA-EAI MIMOSA OSA-EAI

enterprise asset

periodic & online _ _ _ management (EAM) asset ca_pability

condition monitoring diagnostic / prognostic systems (asset forecastlr_lg & _

systems asset health system reg_lstry) & asset optimization
maintenance work DSS
management.

June 17, 2008 46
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OpenO&M Approach T Each System Engineered to Speak a
Common O&M Language over a Common Information Bus

scenario 1 ' scenario 2

proprietary 0stdndandd yehlgblris®NSstandar d
|

sever al

SAP business connector / XML

) v

[ OpenO&M XML standard ]

. — MES MES MES
) system X system Y system ...
MES/PCS MES/PCS MES/PCS factory X factory Y factory ...
factory X factory Y factory .. [ [ [
PCS PCS PCS

application X

application Y

display application

|
|
i
@
|
|

trend application
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Enterprise Business Systems
Enterprise Resource Planning (ERP)

suoneltado

FOUNDATION

aoueuajure|

Physical Asset Control
Real -time Systems

OpenO&M
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Enterprise Business Systems
Enterprise Resource Planning (ERP)

suoinesadQ
/

Physical Asset Control
Real-time Systems
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———jnitiative Application Domain Integration Diagram

AA1T Intraenterprise activities: Business Planning, Orders & Pr AA.21 Interenterprise activities: Supply Chain Planning, Logigtics Level R4
and Maintenance Strategy nterprise / Site

e e e N

A3.1-Operations @ A3.21 Capability Assessment & A3.3- Maintenance s Level R3

Planning & Scheduling Order Fulfillment Planning & Scheduling ——

\. \. \. y,
s N e ) ]1 e A

A2.1-Supervisory Control & Haman A2.2-A;_sset Pfrognostlcs _and Healtl ’ A2.3- Maintenance Level R2
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A Representation of the information objects required for the business
A

Contains the things of importance in an organization and how they
relate to one another

A Provides a basis for physical database design. The physical design of
a database involves deep use of particular database management
technology.

A People often get confused with the difference between an information

model and a physical data model. They are very different in their
objectives, goals and content. Following are some key differences.

Information Model | Physical Data Model
Includes entities/tables, attributes/columns/fields and Includes tables, columns, keys, data types, validation rules, database triggers. stored procedures. domains
relationships and access constraints
Uses business names for attributes Uses abhreviated column names limited by the database management system (DBMS)
Is independent of technology (platform, DBMS) Includes primary keys and indices for fast data access
Is normalized to 4th normal form May be de-normalized to meet performance requirements
Does not include any redundant or derived data May include redundant columns or results of complex or difficult to recreate calculation columns

Business Analysts validate and approve the model Physical Modeler lead the modeling activity
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Helps common understanding of business requirements

Provides foundation for designing databases and bulk binary datastores,
and data warehouses

Facilitates data re-use and sharing
Decreases development and maintenance time and cost

Focuses on information requirements independent of technology and
changing processes

Decreases system development time and cost

Becomes a template for the enterprise

Facilitates data re-use and sharing

Faster ROI

Gathers metadata

Fosters seamless communication between applications

Focuses communication for data analysis and project team members
Establishes a consistent naming scheme
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Most Current Applications Are Designed to Work Closely-Coupled to a Supplier-
Specific Proprietary Database

Proprietary
Data Model

Application A }

Application A
Transactional Data
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Software Engineering Best Practice Dictates A Separation of the Application from
the Required Data it Needs

Application A
A
Proprietary
¥ Data Model
Application A

Transactional Data
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World Class Enterprises Are Now Utilizing an Enterprise-managed Information
Model Abstraction Layer Which Hides Proprietary Data Models

Application A

Enterprise-managed
Model

I Proprietary 1

Data Model
‘ Application A

Transactional Data
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This Allows Many New Applications to be Built With Just Knowledge of the
Common Information Model

Application A Application C

Enterprise-managed
Model

I Proprietary J

Data Model
‘ Application A

Transactional Data
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A The OpenO&M Initiative is an applied standards activity with multiple
participating standards organizations who are collaborating to enable open
standards-based interoperability for Operations and Maintenance (O&M) related
people, processes and systems.

I ISA
T MIMOSA
I OAGIS
I OPC Foundation
I WBF B2ZMML
A OpenO&M is NOT a standard.

A The OpenO&M Initiative solutions process is developing industry-driven
solutions architectures which are platform, supplier and product neutral in
conjunction with multiple vertical industries.

I Industry Use-Case Driven

I Owner/Operator Leadership

I Participation of key Suppliers

I Participation of key Standards Organizations
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OpenO&M Common Interoperability Registry

Inter-Enterprise

Enterprise
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