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Need to Monitor the Condition and Performance of Turbines

 Turbine reliability and performance is critical to the 
bottom line.

 There is a wide array of offerings in the market for 
monitoring and performance but all are third party 
software.

 Tenaska has a solid foundation of OSIsoft technology 
in place at all of our plants and needs a solution in PI.
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 We wanted a proprietary configuration for our gas 
turbines and other packages were too restrictive to 
allow this flexibility and the calculations occurred in a 
“Black Box” and we wanted to know what was being 
calculated and how.

Need to Monitor the Condition and Performance of Turbines
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AF Provides Logical Layout



Element Relative Display
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Design Considerations

 Fleet wide deployment needs to be scalable and 
repeatable

 AF gives us the perfect platform.

 Copy and paste for all similar turbines

 Site level deployment can also copy and paste
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FUTURE  PLANS  /  NEXT  STEPS

 We are in the early stages of development of the 
project. We Started Feb. 23rd and had one plant 
configured by March 15th.  We are in the data 
validation phase for this plant.

 Continue our fleet deployment of the monitoring and 
performance tools.

 Build additional reporting and visualization

 Add other equipment monitoring beyond our turbines
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Examples for Leveraging 
the Value of PI in 

Operations & Maintenance

• Heat Exchanger Performance Monitoring



11 Empowering Business in Real Time

. 

© Copyright 2010, OSIsoft LLC All rights Reserved. 

Example: Heat Exchanger Performance Monitoring
CALCULATION ALGORITHM

Heat Exchanger Key Performance Indicator:

Overall heat transfer coefficient

RULE: IF the heat transfer coefficient is decreasing, 
THEN the Heat Exchanger FOULING !!! 
Cleaining is required!

U = 
Q

A x Corrected LMTD

Calculation Steps:
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Example: Heat Exchanger Performance Monitoring
INFORMATION FLOW

CONNECT 
Data Sources

COLLECT & ARCHIVE
Heat Exchanger Data

CALCULATE
Performance

VISUALIZE & NOTIFY
The Right People

CORRECTIVE 
ACTION

Real-time data:

Offline data:

Control System

Lab System

Databases

DCS
PLC
SCADA

LIMS

HANDBOOK
ASSAY DB
SIMULATION
PROPERTIES DB

CALCULATION
ALGORITHM

Heat Transfer 
Coefficient;

(U = Q / A x LMTD)

R
eq

u
ir

em
en

ts
:

• Connect all relevant 
data sources

• Collect & Archive Data
• Put the Data into Context 
• Asset Centric Information

• Rigorous Calculation 
Capabilities
• Archive results

• Trending capabilities
• Visualisation capabilities
• Implementing rules
• Notify O&M Personnel

RULE

IF „U“ IS BELOW A 
CERTAIN LIMIT, 

THEN HEAT 
EXCHANGER 

FOULING

Maintenance 
task 
prioritization

Heat Exchanger 
Cleaning

Changing 
Operating Mode

Re-planning / 
re-scheduling
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Example: Heat Exchanger Performance Monitoring
STEP 1: CONNECT RELEVANT DATA SOURCES

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

HEx101

Heat Exchanger Data appears in 
different  systems (data sources):
• Control System (T, p, W)
• LIMS (density, viscosity)
• Databases (thermal conductivity, 
heat capacity)

CONNECT 
Data Sources
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Example: Heat Exchanger Performance Monitoring
STEP 2: COLLECT AND ARCIVE EQUIPMENT DATA (Tag-based)

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

Heat Exchanger Data is collected 
and archived in PI Database (TAGS)

HEx101

COLLECT & ARCHIVE
Heat Exchanger Data
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Example: Heat Exchanger Performance Monitoring
STEP 3: ASSIGN CONTEXT(Asset-based)

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

PI Asset Framework

HEx101

Data is assigned to an individual 
equipment (heat exchanger 101):
• Asset-centric representation of 
data

HEx101

COLLECT & ARCHIVE
Heat Exchanger Data
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Example: Heat Exchanger Performance Monitoring
STEP 4: CALCULATE PERFORMANCE MEASURES

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

PI Asset Framework

Advanced 
Computing 

Engine
Performance Equations

HEx101

Heat Exchanger Performance is 
Calculated in real-time:

U101 = Q101 / A101 x LMTD101

• Archive the result (U)

CALCULATE
Performance
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Example: Heat Exchanger Performance Monitoring
STEP 5: VISUALIZE EQUIPMENT PERFORMANCE REAL-TIME

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

PI Asset Framework

Advanced 
Computing 

Engine
Performance Equations

Process 
Book

HEx101

Trend and Visualize heat 
exchanger data:

VISUALIZE & NOTIFY
The Right People
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Example: Heat Exchanger Performance Monitoring
STEP 6: NOTIFY THE RIGHT PEOPLE AT THE RIGHT TIME

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

PI Asset Framework

Advanced 
Computing 

Engine
Performance Equations

Notification

Process 
Book

HEx101

Notification is sent to shift 
operators and maintenance 
personnel, that: 
HEAT EXCHANGER 101 IS FOULING

Maintenance Notification is sent 
to CMMS (SAP PM)

VISUALIZE & NOTIFY
The Right People



19 Empowering Business in Real Time

. 

© Copyright 2010, OSIsoft LLC All rights Reserved. 

Example: Heat Exchanger Performance Monitoring
STEP 7: VISUALIZE OVERALL PERFORMANCE REAL-TIME

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

PI Asset Framework

Advanced 
Computing 

Engine
Performance Equations

Notification

Process 
Book

HEx101

Web Parts

Visualize equipment, unit, plant, 
area KPIs on Corporate Dashboard

VISUALIZE & NOTIFY
The Right People
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Example: Heat Exchanger Performance Monitoring
STEP 8: REPORT ANOMALIES IN THE RIGHT FORMAT

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

PI Asset Framework

Advanced 
Computing 

Engine
Performance Equations

Notification

Process 
Book

HEx101

Reports

Web Parts
Send report

VISUALIZE & NOTIFY
The Right People
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Examples for Leveraging 
the Value of PI in 

Operations & Maintenance

•Compressor Condition Based Monitoring
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Example: Operations & Maintenance
Compressor Condition Based Monitoring – Bearing Failure

CMMS
SAP PM
Maximo

FMEA
Failure Mode & Effect 

Analysis

Prioritization 
Matrix 

(Risk-based)

RULE:
IF 2 out of 3 is under limit, THEN 
the BEARING FAILURE is 
predicted on the Compressor!!! 
Send Maintenance Notification!

VB

TB

QLO

FB

Fault Tree

Vibration

Temperature

Lube Oil 
Quality

Symptom Failure

Risk Based 
Assessment

Business 
Criticality 
Analysis

RULE:
What is the 
PRIORITY of 
the Failure?

ACTION:
Work Order is 
generated!
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Example: Compressor Condition Based Monitoring
INFORMATION FLOW

CONNECT 
Data Sources

COLLECT & ARCHIVE
Compressor Data

CALCULATE
Performance

VISUALIZE & NOTIFY
The Right People

CORRECTIVE 
ACTION

Real-time data:

Offline data:

Control System

Lab System

Diagnostic Systems

DCS
PLC
SCADA

LIMS

VIBRATION 
MONITORING 
SYSTEM

LOGIC

IF 2 out of 3 are 
below limit, THEN 

COMPRESSOR 
BEARING FAILURE

R
eq

u
ir

em
en

ts
:

• Connect all relevant 
data sources

• Collect & Archive Data
• Put the Data into Context 
• Asset Centric Information

• Rigorous Calculation 
Capabilities
• Archive results

• Trending capabilities
• Visualisation capabilities
• Implementing rules
• Notify O&M Personnel

RULE

IF FB is ON, THEN 
Send a 

MAINTENANCE 
NOTIFICATION

Risk-based 
Maintenance 
Prioritization

Send Work 
Order

Use spare 
Compressor

Re-planning / 
re-scheduling

Databases
FMEA
RBA
BCA

Compressor Bearing Temperature, TB

Compressor Bearing Vibration, VB

Lube Oil Quality, QLO

Fault Tree

Failure Critivality

Failure Priority
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Example: Compressor Condition Based Monitoring
STEP 1: CONNECT RELEVANT DATA SOURCES

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

C-201

Compressor Data appears in 
different  systems (data sources):
• Control System (T)
• Vibration Monitoring (V) 
• LIMS (Lube Oil Quality)
• Databases

CONNECT 
Data Sources
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Example: Compressor Condition Based Monitoring
STEP 2: COLLECT AND ARCIVE EQUIPMENT DATA (Tag-based)

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

Compressor Data is collected and 
archived in PI Database (TAGS)

C-201

COLLECT & ARCHIVE
Heat Exchanger Data
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Example: Compressor Condition Based Monitoring
STEP 3: ASSIGN CONTEXT(Asset-based)

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

PI Asset Framework
Data is assigned to an individual 
equipment (Compressor 201):
• Asset-centric representation of 
data

COLLECT & ARCHIVE
Heat Exchanger Data

C-201

C-201
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Example: Compressor Condition Based Monitoring
STEP 4: EXECUTE FAILURE PREDICTION LOGIC

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

PI Asset Framework

Advanced 
Computing 

Engine
Performance Equations

CALCULATE
Performance

C-201

Fault tree logic is implemented in 
Performance Equations

Failure is recorded in PI Database 
as Event (Abnormal Situation) 
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Example: Compressor Condition Based Monitoring

STEP 4: CALCULATE PERFORMANCE MEASURES

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

PI Asset Framework

Advanced 
Computing 

Engine
Performance Equations

Process 
Book Trend and Visualize compressor 

bearing condition

VISUALIZE & NOTIFY
The Right People

C-201
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Example: Compressor Condition Based Monitoring
STEP 5: VISUALIZE EQUIPMENT CONDITION REAL-TIME

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

PI Asset Framework

Advanced 
Computing 

Engine
Performance Equations

Notification

Process 
Book

Notification is sent to shift 
operators and maintenance 
personnel, about: 
COMPRESSOR BEARING FAILURE

Maintenance Notification is sent 
to CMMS (SAP PM)

VISUALIZE & NOTIFY
The Right People

C-201
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Example: Compressor Condition Based Monitoring
STEP 6: EVALUATE BUSINESS CRITICALITY AND RISK

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

PI Asset Framework

Advanced 
Computing 

Engine
Performance Equations

Notification

Process 
Book

Web Parts

Visualize maintenance priority 
matrix

VISUALIZE & NOTIFY
The Right People

C-201
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Example: Compressor Condition Based Monitoring
STEP 7: NOTIFY THE RIGHT PEOPLE & PROCESSES

PUMPS VALVES TRANSMITTERS ACTUATORS OTHERTRANSFORMERSMOTORS

LAB MANUAL DATA

CONTROL 
SYSTEMSOTHER DIAGNOSTICS DATABASES

HEx

PI Database

BUSINESS GATEWAY

INTERFACES

PI Asset Framework

Advanced 
Computing 

Engine
Performance Equations

Notification

Process 
Book

Reports

Web Parts
Send report

VISUALIZE & NOTIFY
The Right People

C-201
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Middle-east Operator 
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OCC

PI System Sites

Jeddah

Kuwait

Riyadh

Doha

“Convergence of Time and Space – Real Time 
Visibility Asset and Fleet Performance
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Global Value Chain Real Time Visibility
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Well Tests
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Trend Data PIWebparts in Dashboard
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Well Performance Monitoring via PIWebparts
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RTRM Dashboard Page
Producing Wells Page
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RTRM Dashboard
Page Collage
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CBM Application Development - choice

 3rd party route

 Traditional vendor selection, short list, ITT 
preparation, bid solicitation, evaluation, clarification, 
trials etc.

 Price per individual piece of equipment e.g. $25k per 
GT or compressor, $15k per pump

 One platform/site averaged = $300k

 Over 11 sites = $3.3M plus hardware costs on each 
site, over 3 years to install
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CBM Application Development - choice

 Using PI infrastructure route & advice from COE
 Develop once for each type of equipment

 Use ACE/AF - standard OSIsoft software tools

 Once developed can be integrated on all sites

 Development costs = $30k – GTs or compressors, $15k pumps

 First platform/site = $100k

 Over 11 sites = $150k 

 Savings of over $3M and installation within 12 months

 Use this same methodology for new applications and 
some existing ones



Production 

Reporting

Emissions 
Reporting

Energy 
Management

Platform/site
pre-EA

Well 

Monitoring

Performance 

Monitoring

EHSS

Pipeline 

Integrity

MBOS 

Optimizer

Well Test 

Analysis

Multiple Applications

GT/Compressor 
control

Various Non-Control 
Applications



Production 

Reporting

Emissions 
Reporting

Energy 
Management

Platform post-EA

Well 

Monitoring

Performance 

Monitoring

EHSS

Pipeline 

Integrity

MBOS 

Optimizer

Well Test 

Analysis

Multiple Applications

GT/Compressor 
control

Various Non-Control 
Applications
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Customer example

The PI/AF solution has resulted in several benefits: 

• Reduced turnaround time for projects sourcing and delivering 
real time data streams from 5 months to 2 weeks

• Rationalized process control naming standards from several 
(before PI) to one uniform standard across the business units

• Enabled development and deployment of centralized & reusable 
services to source data from PI for multiple applications, thereby 
significantly reducing development time for such applications.

Application Architect
Data Asset & Analytics Division
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