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Current cost structure requires
maximum efficiency!

e Uncertain or rising fuel
prices limit dispatch
flexibility

e Limited system reserve
capacity requires higher
unit run time per year

e Pre-planning for outages

getting more
complicated



New and existing Environmental
requirements will continue to limit
operational flexibility
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Our Staff is getting older!
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e Limited new entry by g
younger staff. L o

e Retirement of
experience staff

leading to reduced in-
house labor pool.

e Need to capture
expertise for future.
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Is our Staff Really operating in the
optimal configuration?

e What “real time” data do you have that shows
the impact of operating decisions on the life of
plant equipment?

e [sthere afeed back process to show the “hands
on” operators what they are doing to each piece
of operating equipment as they change load
settings and operating configurations?
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What are we working toward?

How worn out is this equipment?

e How do we find .
a0 \““‘—

the best wear : DT
point to perform
maintenance?
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How do we justify the cost?

e [s the optimal o
COSt p01nt the ) epair Cost vs Remaining life
same as the :
wear point? " \\ f

e How do we I WAN
know how s N
much wear e ——
exist without
Shutting down? Operated Hours :j ”
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How does staff decide on the
best maintenance approach

e Where does the information for this decision
come from?

e [sthere “real time” data or is it developed by

looking at history and post removal inspection
information?

e How does staff experience get incorporated
into the mix?
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Wouldn'tit be great to
have better operating
and planning data!

It’s time to rethink our approach...
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Active Real Time

Asset Condition Monitoring
Contributing to Optimizing Fleet
Management

™

Ihe Next Wave in Condition Monitoring



An Asset Condition Monitoring Solution should...

* Provide insight and advantage to
maximize operational readiness and
availability

 Allow you to understand the
impact of operational decisions on
remaining useful life

* Make it possible to maintain the
right assets at the right times

e Eliminate unscheduled shutdowns

e Allow you to Stay Ahead and in Control
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Stress Wave ANalysi

All moving things (solidSyHguies and gases) produce friction

Friction (and impact events)
produces stress waves

Stress waves are energy sound waves-thatmuovethrough a
solid.




SWAN = Health Care + Condition Monitoring

Condition Alone Isn’t Enough...Understanding Health is Important

Mormal coronary arery

Alherosclerosis

Atherosclerosis
with blood clat
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“You can be healthy and yet experience different levels of stress, depending on how
hard you are working (or how fast you are running).

If you know the operating conditions and environmental conditions, you can
understand if the stress levels you see are appropriate (or not).

If you know the stress levels are not appropriate then you have a condition that
needs to managed before it becomes tqo late.
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Asset Monitoring
Operating Dyna

Dynamic loading... _ \/ \

Torque

Wear...

Lubricate condition...

Failure process...

...Traditional temperature and vibration are
second order responses to changes in friction



Stay Ahead an

* Lubrication degradation * Bea
* Minor surface defects * Loose
» Wear / Fatigue

* Major damage
* Bent shafts
e Broken parts

« Misalignment $or :€ 100x Thousands
» Loading i
* Replace machine
. * Major outage
Asset life expectancy < Temperature_ >« Plant damage
$or €10x Thousands
. X 5 * Turn shafts
Vibration Detection « Replace bearings

* Replace gears

$or =€Thousands
* Align shafts
* Replace bearings
* Purge particulates

< Metal Debris Detection >

Cost & Time For Repairs 2>

Stress Wave Energy (SWE) $ or € Hundred
or &, Hundreds
* Change lubricant
* Pack bearings
» Change SOP’s

Damage to asset

Increasing Severi}y Of Damage 2>




Life Remaining Index

Adjustable GYR
thresholds (adjusted
run-time hours)
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SWANtech Capabilities

* Stress Loads as a f(torque, rpm, lubricant,
angular momentum, etc)

* Mechanical Wear
* Looseness

Dynamic
Load

* Lubricant Condition
(contamination, break-down)

¢ Arcing, grounding, rub, E Iectrical Lu bricant

G L Faults * Lubricant Effectiveness

(fluid film failure, flow, levels)

Rotor Surface
Imbalance Defect

¢ Bearing Faults (location and isolation)

* Asymmetric pitch, blade cracking,

imbalance * Gear Faults (location and isolation)

» Misalignment, eccentricity « Shaft Faults (location and isolation)
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Asset Dashboard Displays

FLEET Overview

dasbboard~H{ dahtroard Ml Hicrosolt Intermel Explorer

Vawe it Conalitiorn AMonitoring

FLEET Overview:

Multiple user-defined regions
Unlimited sites per region
Unlimited assets per site

Huge asset density on one page
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Site Overview O@
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Asset Detail
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e ety | [mirhore | [ rrenen

Site Overview: Oo,)
User defined asset categories "’/g,
Multiple user-defined sub-areas
Unlimited assets per site

All assets on one page if desired

.swantech.com
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The Next Wave i Conalition Monitoring

Condition Index “sets” aggregate to a
sensor condition (one per sensor) that is
expressed as a code: G,Y or R

SWANSserver-based logic [REIEEEIREEES
and calculations = [ s
|

*Triggered DRs
*SWE history

*OpParameters
*Cl calculations

* The available Cls will depend on specific factors
such as having RPM or a common shaft

Iq Sensors associated with
this asset

RED

Aggregating logic for
individual sensors and for
entire asset

' ~ Asset sensor conditions aggregate to
, an asset condltlon which is expressed

Asset being monitored

YELLOW
Asset Condltlon Indlcators

GREEN

www.swantech.com
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Plant Fleet Overview

-'g http:/ f marine.swantech.com/~juan/dashboards2/dashboard.html - Microsoft Internet
Fil - Help eFax

Go _|3|E [0 Go / ! & Check + % Autolink « end tov

m Asset Optimization System - Company Overview el Al Regions v

Mar 12, 2008 13:31:43

Company: Electric Generation, Inc. O —

West Region South Region Midwest Region Northeast Region

Plant Name Condition Plant Name Condition Plant Name Condition Plant Name Condition

Bull River Charleston Tl Lake Archer P Franklin City

Rancho Cucamonga Martini City Bastrop City Lake Madison

Strada Beach Coconut Beach Briscoe Creek (2. Stone Hills

Port St. Charles Mary Hills Cape Wilson Port Jefferson

Lake Anne Port Lucas Lake Mitchell Cape St. Logan

Port Augustine Cape Andrew Port Kerr Garland City

Cape Coral Philips River Garza City Scott River

Port St. Dominique Lake Brevard Lake Floyd Montgomery City




Site Display

CalWind Dec 09, 2008 3:55:13 PM

i User-specified sub areas

Company Overview

Asset status icons

Machine Conditions Wind Farm Overvied Monitored Machines
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j = — m
m v
I vio

4 5 :' b :‘ - \ Iil y
& Uscr-defined asset [ > TReA e LAY v
categories - v | R '

Important
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7SMW_R_n_R_picks_Feb_23_07 :
21MW_extra_phase_1_or_2_feb_2| I"
30MW_phase_2_Feb_23 07

permanent met towers feb23 2007 III
manitoring_locations
substation_option1_jan152007 I" W

= Existing road

—— Existing unpaved road m

Dobson trail (from GNB)

=+«+= Dobson trail (from NTDB files) I" W4
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| private lands m
—— 2m contours

roughness_water

Sortable asset list

User-specified Scrollbars if needed
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Asset Detail Display

LEXMARK ~  Print Now:

Condition Indices

Gearbox LS
Gearbox HS
Gntor DE
Gntor NDE

[@)Normal  [F]Quick [0} Black and White

Assel Overview

extOnly | [W]Photos | [dipreview

Wind Farm: Mary Hills - Asset: Wind Turbine

Asset Health

T N T R

Gearbox

Aug 13, 2008 16:22:55

Component Ratings
Grbox Inner Race

Grbox LS Outer Race

Grbox LS Cage

Grbox HS Inner Race

/) http:/ /wind.swantech.com/ =101 x|

[ File Edit View Favorites Tools Help efax ] I‘J.'*
Qbak - O - <] & @ Search Favorites < M ] @ A3

| Address |4£ http: ffwind.swantech, comf~juan/dashboards 3/ j a Go ||Links *
Google |G/~ dGop DS M~ D B~ | €% Bockmarksw T 45blocked | P Check v 4 Autolink v o Send to~ () settingsw || @ -

-

Grbox HS Outer Race
Grbox Cage
Gntor DE Inner Race
Gnror Non-Drive- E Outer Race
Generator Gntor DE Cage
Gntor NDE Inner Race

ALERT High SWE levels recorded on Gearbox
Low-Speed-End sensor.

Condition Indices for Helical

ALERT Outer Race Bearing Defect Freque:
Identified on Gearbox High-Speed-End sen:
NOTICE Outer Race Bearing Defect Frequency
Identified on Gearbox High-Speed-End sensor.
NOTICE Outer Race Bearing Defect Frequency
Identified on Gearbox High-Speed-End sensor.
NOTICE Outer Race Bearing Defect Frequency

Identified on Generator Non-Drive-End
NOTICE: Inner Race Bearing D
Frequency Identified on Gearbox Low-Speed-
ALERT High E levels recorded on Gearbox
Low-Speed-End sensor.

ALERT Outer Race Bearing Defect Frequency

Identified on Gearbox High-Speed-End sensor.
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Asset Detail & Anal

Asset Detalil
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DR Analysis

DR Energy Distribution

DR Freq Domain

. EL"’I?"W Spectral Analysis
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Condition Index Calculations

« SWE Performance Index (SPI)

SWE History Trend

SWE

Statistical Data
Reductions

~pBEHEREELE

Random Frequency Index (RFI)

DR Energy Distribution Statistics
Statistical Data
Reductions
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e Periodic Frequency Index (PFI)

DR Frequency Component Statistics

Statistical Data
Reductions

Statistical Data
Reductions

The Mext Wave i Condition Maoritering

Cl Asset Ranking

Cl Asset Ranking
Cl Asset Ranking

0@

Cl Asset Ranking

= 000 ._

—_

Aggregate
Sensor
Ranking

.
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Customer Interfaces — “PDA version”

SVAMNt=ch

™

“Fleet” View

BlackBerry ;

Wind Power America, Inc.

2} hitp:/ {marine.swantech.com/ ~juan/dashboards2/dashboard.html - Microsoft Internet Explorer

—Loix] Fleet Overview
Fle Edt View Favorites Toos Hep  ceax U

| Qe - O - ] @ ]| S seach ¢ Favorites £ -l (] - K23

| Address [] heto: /fmarine swantech. com/~puanjc how

Site Name: Assets
ECENIEES

s @ setiogs- || €1 - Bull River _2‘%.

&%{ Ry As rmizetion Syster —™ T ————
\L/\J West Wachovia ik

Google |G~ ool @ M- D B~ | fF sookmaris~ Fh2atiocked | 4 Check ~ 4 Autolink ~

il Mar 12, 2008 13:31:43
ny: Electric Generation, Inc. Plant Overview

West Region South Region Midwest Region Northeast Region

Plant Name Condition Condition plant Name Condition Plant Name Condition
Bull River

che Franklin City
101 2

Black Hills East 2

Silent Springs ﬂ

Bakersfield #2 51

Rancho Cucamongs Martini City

La

Cocont Stone Hills

Port St. Charles Mary Hills Port Jeffer

Martini City 3]

Lake Anne Port Lucas Lake Mitchell

Port Augustine Cape Andrew Port Kerr Garland City

Philips River Garza City Scott River

Port St. Dominique Lake Brevard

Lake Floyd

Montgomery City

(Scheduled for product release in Q1-2009)
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End of Presentation

James W. Kemp PE
Principle Consultant
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Some Back up llanious slides




Customer Interfaces — “PDA version”

“Site” View

| 3 http:/ fmarine/ ~juan/dashboards/dashboard.htm| - Microsoft Internet Explorer ol x|

Fie Ed Favorites  Toos Hep  cefax s . ;
]l 3 b : j'w o) ;s; D searhs Fwi, oL g-U8 &3 Wind Power America, Inc.
| address [&] htp:/fmarine/~juan/dashboards dashboard.html =] EJco ||uns » Site — Bull River Wind Farm
| Google[Gl~ ~|co 52 v D B+ | €% Bookmarks~ i 22blocked | U Check + o Autalink v - Aol > @smhqsv_]if.-

25. 2008 19:40:26

Assets Condition

Maonitored Assets

Critical  Important

Current Syst:

(Scheduled for product release in Q1-2009)
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Customer Interfaces — “PDA version LY e TA N

“Asset” View

BlackBerry ;

2 hitpe/ Jwind swantech com ~juan /dashboards3] - Microsaft Intermet Pxplorer =101%|
i 0 Wind Power America, Inc.
Sseth i ravontes €| (3m o (27 L) G & B Site — Bull River Wind Farm
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Sensor: SPI RFI PFI

Main Brg 0 0 00
GenDE __ ||
Gen NDE |
Gerbx LSE I o
Gerbx HSE [0 0

Asser Overview

. ” . . Aug 13, 2008 16:22:55
* Wind Farm: Mary Hills - Asset: Wind Turbine " L

(Scheduled for product release in Q1-2009) v s e MM
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Customer Interfaces — “Plﬂersion”

- —j- T-H{-'I
BLACKBERRY

Site — Bull River Wind Farm
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