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Operational Excellence Defined

- Operational Excellence is a philosophy of leadership, teamwork and
problem solving resulting in continuous improvement throughout the
organization by focusing on the needs of the customer, empowering
employees, and optimizing existing activities in the process.

Wikipedia

« “Operational Excellence is when each and every employee can see the
flow of value to the customer, and fix that flow before it breaks down

Kevin J. Duggan
Founder, Institute for Operational Excel llence

« Continuous Improvement of Operational Effectiveness and Implementing
,Lean’ is a journey which takes you to the final destination: Operational
Excellence
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What does it take to get there?

One’s who wants to achive
Operational Excellence must

Business Management

ST LT LT LT D1

excel in all aspects of L Y
Operational Effectiveness: ;o3 o 3 ;
B O & it §f $
f & d; % @
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— Environmental == e = =

— Quality | Manufacturing / Production |

— Production

— Operation M a m

— Asset Availability & Reliability § improvement f§
_ People Reai time

How does it map out to Systems and Solutions ?

ANSI/ISA-95.00.01-2000, Enterprise-Control System Integration
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Time frame:

years, quarters,
months, weeks

Time frame:

months, weeks, days

Time frame:

days, shifts, hours,
minutes, seconds

! 1

Time frame:

minutes, seconds
milliseconds, microsec

Time frame:
minutes, seconds
milliseconds, microsec
Time frame:
minutes, seconds
milliseconds, microsec

Business Management

Business Planning &
Logistics

Manufacturing / Production
Operations Management

Procedure & Control
Execution

Production Execution

Sensing & Manipulating

Develop business resource and cash
management plan, financials. Product
management, long-term data

manaiement, pay r?, human rei.

Establishing the basic plant schedule
- production, material use, delivery
and shipping.

Determinig inventory levels

Work flow / recipe control to produce
the desired product.

Maintaining records and optimizing
the production process.

! ! !

Monitoring, supervisory and
automated control of the production
process

Sensing and Manipulationg the
production process

Heating, cooling, separation,
conversion etc.



ENTERPRISE RESOURCE PLANNING

| Quality Mgmt. | Accounting Planning SCM | Asset Management

o8
> >
m 2 5 2
% z BE y
Z E
é = 5 PRODUCTION & OPERATION 3 s zs
ot & g MANAGEMENT £< QF
| [&]
= = © < - w
3 2 i r
-~
(2]
<

Unified Real-time Infrastructure
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[ Quality Mgmt. |

Accounting

Planning

ENTERPRISE RESOURCE PLANNING

SCM

| Asset Management

SAFETY

: ENVIRON. :

PRODUCTION & OPERATION MANAGEMENT

ASSET AVAILABILITY & REL. :

PEOPLE

SMS
Safety Management/ Expert System

CEMS

Continuous Emissions Monitoring System

QUALITY
PT/QM PADR
Production Production
Tracking Quality |: | Accounting &
Monitoring Data Reconc.
SQC OoMS
Statistical Operations
Quality Monitoring &
Control Reporting
ARM P&CA
Analyzer Procedure &
Reliability Control Exec.
Monitoring Analysis

PERFORMANCE MANAGEMNT

Site Performance Monitoring &

Accounting

SCO RBA
Production Risk Be}sed
Planning & Analysis &
Scheduling Evaluation

=
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ols OEE
Operational Overall
Intelligence Equipment
Effectiveness
|**)
[}
RTO CBM
Plant & Wide Condition
Area Based
Optimization Monitoring

EHM
Asset Reliability / Availability Monitoring

OTS/LMS
Operator Training / Learning

Management

Unified Real-time Infrastructure
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Typical Examples: Value at Site Level

Thermal Generation (Coal, Gas, Oil)

Thermal Performance Continuous Emissions Monitoring Monitoring Generation Cost

e 3

Unit Heat Balance Equipment Health Operational KPIs

FDFANA Oedpower () i - @ q
B E—
PR
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Typical Examples: Value at Site Level

Nuclear Generation

Reactor Performance Monitoring Equipment Reliability

€5 antyansipl | T = [ 5. M.AR.T - IF [SHSREREs
JE.I Eile Edt View Insert Fgrmat Records Jools Window Help
2::::::2 . . IFR A A A A R T = = |

SwURkERL Parameter Maintenance For 64.01: Reactor Recirculation | N+ |
sDuTEEnL o EHIR
. = Show SysMon Add New SMART
bl fl el Ly | Data Parameter Switchboard
| D oscription: | HUFETEERIETNETE |
T T e
FPER ACTION
TPFER ALEAT
Bz 078y 0
OWER ACTION =

o -
Emergency Prepardness et i TP, —

@D arorysalae Pl SARU/ARBE  WAN/BIL

S. M. A. R. T. %
System Monitoring And Reporting Tool

»
LW
LeHn
1] uenm

¥

LicH )
e

OSlsoft. REGIONAL SEMINARS © Copyright 2014-15 OSlsoft, LLC.



Typical Examples: Value at Site Level

Renewables (Wind, Hydro, Solar/PV)

Unit Performance Monitoring wind Turbine Warranty Management
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Typical Examples: Enterprise Level

Corporate Portal — Performance Dashboard
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Pl Use Cases In the
Power Generation
Industry
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Iberdrola Case Study — CMDS

Overview

Background Information on Iberdrola: IBERDROLA

* Power Generation, Transmission&Distribution
* Global Operations, one of the biggest in the world
« World Leader in Renewables :
Drivers: & Al N

— One Combined Cycle 2GTx1ST
+ =350 ME€ Investment
*  Gas Prices / Equipment Prices Increasing
*  Environmental concerns increasing

CASTELLON B
800 MW, 209FB

ARGOS Iy Il
800 MW, 2X109FA S
ARCOS Il
800 MW,209FE [l

History: 40822 MW

— CMDS: Monitoring, Diagnostics and Simulation Center b
» Technology Center for the CC Fleet (O&M)
Current Status:

* Renewables Integrated (WINDCore)
* Coal-fired plants underway

ESCOMBRERAS
800 MWV, 209FB

=  Optimization IS A MUST

Hydraulic: 23,5%

Power Station{coal and fuel): 15%

Renewable: 20%

Nuclear: 8%

Cogeneration: 1,5%

&
\
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Iberdrola Case Study — CMDS

Goals & Objectives

MAIN GOALS
Maximize efficiency, availability and reliability
Support power plants to:
OPERATE &MAINTAIN in an optimum way
Minimize costs
Unify technology management

IBERDROLA | AppITIONAL BENEFITS

Common O&M model for all stations : Fleet approach
O&M on-site and on-line support

Share operational experiences and best practices
Center of Excellence

Reduce OEM dependency
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Iberdrola Case Study — CMDS

Pl is the foundation for CMDS

« Applications Developed Over
Time
— Performance Tracking
— Contract Tracking
— System Advisor

— AEM (Advanced Equipment
Monitoring)

— |IT Doctor
— GE M&D Connection

— SAP Connection (PM & BW
Module)

— EMS Connection (Dlspatchmg
Center)

— Daily Inspections
Others.......

-------
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Iberdrola Case Study — CMDS

Benefits / Lessons Learned

* 6 years Pl System experience over
Combined Cycle Technology:
— Quick ROI = 1-2 years
— Increasing efficiency —1%-2%
— Increasing availability — 0,1%-0,5%
« Easily exportable to another business
*  Opening the platform for all users = Alot of _
value ‘
«  Focus on business drivers — Business
Agility
« Event based monitoring

« Success requires collaboration between
operations, maintenance and engineering

IBERDROLA
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BChydro Case Study — Ol System

Overview

Bacground Information on BChydro:
+ BChydro is third largest utility in Canada @
* Predominantly a hydro electric utility with 10,000 '  st. John

2\Dawson Creek

MW of installed hydro generation capacity
* 7 largest generating stations with 38 turbines make
up 8,850 MW
Drivers:
+ Water use and generation optimization
+ Keep the plants running (O&M)

History:

Pl has been used since 1996. Pl used first as a
firewall to the Energy Management SCADA system.

* In 1999 PI used to support Generation Operations

- Gen)erating Stations (the power generated in
MwW

— Resource Management (water availability and
generation optimization)

Current Situation:

* Plis the foundation for B.C.Hydro’s Operational
Information (Ol) System

BGhydro O -
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BChydro Case Study — Ol System

Operations Executive Overviews

Ol Manager Close All Overview Displays

BCH Systern Load - 5 min avy.(Green) and Vancouver Airport Temperature (Blue)

Current Peace River Generation 1 i e
[t |

™~

— o

-

" 944 P 24.00 hours 2008-10-20 3:49:44 P
Peace River

Below Green Line Symports) Exporting
8 488.00
Ll d o
BC Hydro System = [
Current Gen = 6226 MW - #

-19 34944 Pt 24.00 hours -10-20 3:49.44 Phi

LerEalenis Market Price Index (Blus=MID C, Green=AB Pool, Red=RECH)

in
/ o34.62
biin
T # Shutdown
2008-10-19 34944 PM 24.00 hours 2008-10-20 3:49.44 PM Sttvin

Current Columbia Generation
Total= 3807 MW

= ——— ]

Current Coastal Generation
Total 635 MW
Coastal US Exchange Rate = 0.83500

Vancouver Airport Temp. = 13 C

Daily Operating Reports

Safety Incident Reports

Environmental Incident Reports

Generation Management Reports

Generation Web Page

AECM Tracking Report

Lg Pl o = SmartSignal
BCH Gen FBC Gen Alcan Xfer SmIPP's (ALH, ICG) BCH Load FBC Load NWPP Static [ Imbalancs ]
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BChydro Case Study — Ol System

Unit Detail View

e R
s e 2
s Sy 3 7Y
s 'SEV Q Total 1400 m®/s (Total River Flow)
i : SFOG Q Total 0 m?isfTotal Spiil Flow)
+ —— —ﬁSEVTurbme Total 1398 mdls i
. |
B e L . = E P AT e R A P, — -
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Stevens 524.00m  [rnz o esoaceaiin e
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-2 B | 1s2vw | 185 MW 183 MW 169 1w =
i £ a'-f-'- = e e e S e e e
o
&
I 5
: b
(Boundary Generation 773 MW ) ~
Close SEY Menu
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BChydro Case Study — Ol System

Executive Overviews for Non Operational Executives

A,E " £ ?m\iv Y
._‘_* . - l\‘ \.\_\ [ S

L...u‘)

Total MW 1807

-4 days -3 -2

Wot]fuozFuosJuo4 fuosjfluos fuo7] -um

Gordon M, Shrum Generating Station is lacated on the Peace River 23
kilometres upstream From Peace Canyon Dam, and about 160 river
kilometres upstream from the B.C. falberta barder, Together with W.A.C,
Bennett Dam it comprises the Portage Mountain Project,

Max Sustained Generating Capacity: 2730 Mu
Turbine Type: Francis

Histaric Annual Avg Flant Generation: 13,225 Gw.h

Storage: 39,462 million m3 yLL e

Dam Name: W A, C, Bennett '\ a

Dam Height: 183 metres 3 f -
Reservoir Name: wiilistan Lake o %

Reservoir Area: 177,000 hectares .

Water Course: Peace River

Downstream Project: Peace Canyan Dam

Red = In Service or Available for Service

P it
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Typical Scenario

O&M centers for monitoring the renewables

VATTENFALL ',‘_-'_,

« Vattenfall Vindkraft R " .

— World’s largest offshore wind farm
— Commissioned in summer 2010

— 100 turbines in operation

— 341 turbines expected
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Portfolio Overview
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OSlsoft. REGIONAL SEMINARS

Unit Detall
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1331 Bob Walters  10/13/2008 12:23145 PM 10/14/2008 12123145 PM WTG 02 Cligper Mojave Resolved
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Excel Based Reporting

@
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Wind Analysis

x| 1-wind_Rose_Using_Radar_Stand&lone.xlsx - Microsoft Excel
A B c o] E F <] H il K [u] R 3 W u i W

Wind Analysis

;e w ] e

@

Time-Based Wind Rose Wind Turbulence x Speed x Direction
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7
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30
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E
39
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4 4 ¥ b Report < DataRetrieval wind Speed x Wind Direction Sheetl 1 [ I
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Pl Use Cases In the
Power Transmission
Industry
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Industry Characteristic

| STEERING WHEEL
i

ruise control, wiper, turning light,

optional: climate control, radio,

telephone, ...

«  Very complex and complicated

— Lots of small systems and devices CLIMATE

small motors, control
panel

« Required to manage many different
generation sources

»  Geographically dispersed networks

ENGINE
« Data, data, data... ‘m-mm‘“
— SCADA, DMS, OMS, IED, GIS etc.
« Various data granularity and delivery - ,
[EVS 2 sec

frequencies, that increase over time e B

« Infrastructure / Asset Model s

— from sub-second to years range

OSlsoftt REGIONAL SEMINARS © Copyright 2014-15 OSlsoft, LLC. {4 y

i

rain sensor, light sensor,
light control, sun roof

ROOF w

DOOR

mirror, central ECU,
mirror switch, window
lift, seat control switch,
door lock

Infrastructure
data

a



Industry Challenges / Initiatives

» Grid Operations and Reliability

» Power Quality/Transient/Dist. Data

« Condition Based Maintenance

* Asset Management

» Substation Automation

 Distribution Automation

* AMI-Advanced Metering Infrastructure
« Distributed Generation

« Smart Grid/Intelligent Grid

Residential

ISO/IRTOITSO Customers

Generation
Plants
Utility
Data Center

Control
Center

Commercial
and Industrial
Customers

Utility Corporate and Regional Offices

The Common Thing in All:

Requires
Accessible, precise, real-time data

long-term persistent data store
Notifications and analysis

OSlsoftt REGIONAL SEMINARS © Copyright 2014-15 OSlsoft, LLC. {4 y
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Pl for Operation & Maintenance

Sample Data Flow

Source devices will evolve
with new technologies and
cost effectiveness

daily reads
collected daily |

<L
S—
L

Daily reads
collected daily

=t

SmartSynch
Feeder Data

Vanuarveter |, | Monthly reads
and Substation collected monthly

Reads

GSM,GPRS, ()
o o v
or other Lodestar
// N GSM,GPRS,
Uiveirs )= tremer ™ (émMu::) rT"sminule/haur\y ————— I

~

|
|
1._15 minute/Hourly-—|
|
|

N~ o other

Second or
Sub-second

SCADA,.,

| 30 minute collected
ik hourly o other user—|
defined interval

hourly or other user—|
defined interval

c acitor
(Control System|

15 minute/hourly™|

|
|
-
4715 minute/hourly ™
|
L_

and
[Alone Dist Ops
Systems

I
|
|
I
I
I
I
30 minute collected |
|
I
|
I
|
|
I
—1
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Financial Systems of

(data streams not !

included in this

scenario)

-Asset Informatiol

Access to all data———

Near -real time
transformer kw,

device loading, OMS

voltages, etc.

Feeder Amps and
other SCADA Data

Access to all dat:

Access to all data

Distribution Planning [

.

Distribution Operations

Field Engineering :

L——Access to all dat

>
Mobile
Dispatch

Asset Management/
Substations

Multi-year history and reporting
flexibility for analysis such as:
=  PF/Voltage/Var

= DG
= Loss
= Load

Multi-year history and real and
near real-time data for:

=  Capacitor Operations

= DG Status

Multi-year history and real and near
real-time data for:

= PF/Voltage/Var Analysis

=  Capacitor Operations
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Sample Architecture

! Plant/ Ops Center Servers

Data Center i e Visualization Maintenance
i ® Analytics Systems and
Other Enterprise Systems i ® Operations Information applications
. ® ERP :
= Central IT Monitor e Accounting : ateways &
= == ® Marketing : o;;e;tc.)r; ==p
Corporate LAN/WAN N
o000 000 00000000 OCGOGOFOS 00 000000000000 0000000000000000000,

[ ]
N Client
Advanced N Users
Computing ¢ - | °
Engine tPortal o @
L]
Server N \ /
[ )
L]
Process Control Secure LAN . Smart Clients
e ® ProcessBook
: ® DataLink
° Thin Client
® RtWebPartw or

3rd party Relational Iview
Databases
oGIS

oOMS

PLC / Instrument AMI/Meter
Systems Systems
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Proven Use Cases

Operational:

— EMS/DMS/SCADA data monitoring and archiving, event reporting and
analysis

Non-operational:

— substation field device IED, SOE, Power Quality and DFR data monitoring
and archiving

Asset/Model:
— asset model management and analytics
Cyber Security / IT:

— Critical Infrastructure Protection and Control System IT Infrastructure
Monitoring

Enterprise:
— integration, correlation and repository
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Forecasting Load Peaks

Load Picker
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Substation Load Analysis

Load Comparison
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Power Quality Monitoring

Voltage Harmonics / Flickering
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Operations Planning / Tieline Control

Transformer Loading
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Substation Overview
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Integration of Geospatial Information
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Monitor and Protect Networks
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- - Pchurons 50
Enterprise Integration

CAISO - Operator Console
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Enterprise Integration

PJM Transmission Video Wall
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http://www.pjm.com/index.jsp
http://www.pjm.com/index.jsp

California ISO: Governor’s visit

I’ll be Back !

LT - T |
. ‘ [
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Summary

What?
— Infrastructure that
» Creates an integration platform to all islands
« Connects your plant floor data into the business management system
» Supports Integrated Operations (Fleet Mentality)

« Why?
— Foundation for Business and Operational Improvement Initiatives
* Improved Business Agility — real-time decision making
« Standardization - One version of truth
» Collaboration — Everyone works with the same data, rules & tools
» Protection of existing and future investment
* Low Risk & Quick option
« How?
— Build the Foundation first
» Infrastructure first, followed by applications supporting Performance Improvement Initiatives

OSlsoft. REGIONAL SEMINARS D Conyt ot 201425 oS ieit L. 44]
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Examples for
Leveraging the
Value of Pl In
Operations &
Maintenance

Transformer Condition Based Monitoring
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Example: Transformer Condition
Monitoring

Failure Modes Transformer Failure

« Transformer Condition Monitoring

OLTC Monitoring
Dissolved Gas Analysis (DGA)

Transofrmer Temperature
® Terminals

m Tank/fluid
m Other

Cooling System Monitoring

* The two most probable failure
modes on a Transformer are

Load Tap Changer

MIN. AVGERAGE LOAD
SPRREANT POWER,
MEATEST-SPOT ON
WENRINFON AGING
RAEER CONTENT
STEADY LOAD
DYNAMIC

eyeRh@AD
ErE'WENSHTED TEMP.

OSlsoft. REGIONAL SEMINARS © Copyright 2014-15 OSlsoft, LLC. ]

Windings (including insulation)

» These are 60% of total




Example: Transformer Condition
MOnItOI’Inngm Standard Cal

H winding cu

+ X winding current

* Y winding current

* Hwinding voltage

« Top oil temperature

* Moisture reading

* Moisture sensor
temp

* Rated HST rise

* Rated load

*  Winding
Characterist.

* Ambient
temperature
» Cooling stage status

OSlsoft. REGIONAL SEMINARS

culations (IEEE and IEC Standards)

LOAD , MIN. AVGERAGE _
CURREN L LOAD CURRENT
—’ T
. | APPARE MVA
NT
POWER
| WINDIN HOTTEST-SPOT |
_ G HOT- ON WINDING
- L_sport
| | INSULATI | _AGING RATE,
—> ON
| » | MOISTURE —
| water | — WATER CONTENT,
CONT.
L, STEADY LOAD,,.
» | DYNAMI
> c -~ OVERIOAD,
o L 10ADIN |
| COOLIN G COOLING,,
> G EFFICIENCY
EEEICIE
NCY.

WEIGHTED TEMP.
DIFFERENCE
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Example: Transformer Condition
Monitoring

Root Cause Analysiy (RCA) and FMEA /Ifyﬁﬁp‘l'ree
(FMEA, RCA)

2020
Pmi I F \ i C{

hP deme

Root - - B
Cause —/ otection at (5 rotection at Top Event

Vsi protection ot S protection ot R <4
Analysis in the Preseribed Time in the Prescribed Time N
y When Comm Channel OK o When Comm Channel OK FAILURE

: \o— Logic
@@@@@@@@ s v
- e SYMPTOM

GGGGG
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Example Transformer Condition
MO A CONNECT

COLLECT & \ VISUALIZE &
The progfEiiis S P perfomance g NOTIFY

Control _ Hwinding current = Risk Business
ngg?m LT | Xwinding current Based Criticality
SCA Y winding current Assessme Analysis
DA L
) H winding voltage :
On-line Failure
MU INDINS a - Top oil temperature | CALCULAT FAULT Prioritizati Notification
LTC POSIT . . = ION (. TREE on Matrix
BUSHING -« Moisture reading -i_l: fIEI . (Rlsk based) /
WATERINOIL | Moisture sensor temp = = Y, cmms
_ = - SAP PM
DGA =-Ambient temperature - HE= Maximo
DISSOLV J Cooling stage status =]
iﬁﬁg. Tap Changer tem Failure |
A L lap g p. N/
Databases Main tank temp. REQUIREMENT RULE: ACTION:
FMEA Rated HST rise : What is the Work Order
RCA Calculate PRIORITY of Generation
Rated load condition the Failure?
Winding Characterist_. parameters and

implement failure
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Example: Transformer Condition Based
Monitorina

CONNECT
STEP 1: ©Oriv Data Sources

Pl Database Transformer Data appears in

different systems (data
sources):

« Control System

* On-line Monitors

NATAPR

PUMPS  yALVES HEx TRANSMITT ACTUAT MOTORS TR@ ot
ERS ORS ERS




Example: Transformer Condition
Monitorina

COLLECT & ARCHIVE
STEP 2: '€ N ay-uaS e Heat Exchanger Data

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

Pl Database

NATAPR

PUMPS  yALVES HEx TRANSMITT ACTUAT MOTORS TR@ ot
ERS ORS ERS
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Example Transformer Condition

COLLECT & ARCHIVE
STEP 3: Heat Exchanger Data

Data is assighed to an
individual equipment
(Transformer 201):

* Asset-centric
representation of data. Model
driven measurements

» Asset model complies with
IEC61970/68 CIM

* Integration & synchronisation
with SAP PI ture

T-201

PUMPS
| VALVES HEx TRANSMI ACTUAT MOTORS TRANSZHPRM OTHER
OSlsoft. RE NSITT ACTU! ii%



Example: Transformer Condition

Monitorina .
STEP 4 trevo mmmmnEUSINESSGATEWAY

Advanced
Computing

Engine

Perf nce

E‘*S Calculation and Fault tree A

Pl Asset implemented in Performance
a” a Equatlons Fault Tree
= A

Pl Database

: © QT
Failure is recorded in PI
Database as Event (Abnormal

Situation) /

2 p—

MANUAL

e
GGaac

10011
PUMPS  yALVES HEx TRANSMITT ACTUAT MOTORS TR@ g%\ OTHER

ERS ORS ERS
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Example Tramsformer Condition

STEP 4: NOTIFY
Process

Book Trend and Visualize \
Transformer condition

Advanced
Computing
Engine

Perfi nce
Edl ns:

Pl Asset

Pl Database

NATAPR

PUMPS  yALVES HEx TRANSMITT ACTUAT MOTORS TR @ ot
ERS ORS

OSlsoft. RE(



Example: Transformer Condition

Monitorinao
STEP 5 vioont mmmmenenZUSNESSCATEWAY e

Process
Book

Advanced q Notificati

Computing on
Engine

Perfi nce
= | miE)

Pl Asset

VISUALIZE &
NOTIFY

Notification is sent to shift \
operators and maintenance
personnel, about:
TRANSFORMER

LTCFAILURE

Malntenance Notlflcatlon is

PUMPS  yALVES HEx TRANSMITT ACTUAT MOTORS TR@ g%\ OTHER
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Example Transformer Condition

e e e S ) M
STEP 6: NOTIFY

PrBocess ‘ Web
N Parts

Advanced ‘ N k

Computing on
Engine

Perfi nce
= | miE)

Visualize maintenance priority\
matrix

Pl Asset

NATAPR

PUMPS  yALVES HEx TRANSMITT ACTUAT MOTORS TR@ ot
ERS ORS
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