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Smart

Environmental Management Unit Performance

e NOx / SO2 cap compliance o Heat Rate Improvements
e NOx / CO / CO, minimization o Combustion Efficiency

e Opacity Reductions e LOI reductions

Generation Management Operational Flexibility
e Fleet / Economic Optimizer Dispatch Response

o Global Performance Advisor Ramp Rate Improvements



A Comprehensive Suite of Intelligent |
Software Modules Designed to Improve . .-~
Plant Performance .. SmartpProcess®

Economic Optimizer

Fleet Optimizer

Combustion Optimizer

Cyclone Boiler Optimizer

Steam Temperature Optimizer

Sootblower Optimizer

Fluidized Bed Optimizer
SCR and FGD Optimizer

Precipitator Optimizer

Unit Response Optimizer

Global Performance Advisor

Enterprise Data Server




Benefits Smart ®

Heat rate improvements 1/2% to 1 1/2%

NOx Reductions 15% to 35%

Opacity Reductions 15% to 30%

Increased Capacity 1% to 2%

1% of MCR per minute improvement in ramp rate

Reduced tube leaks and associated forced
outages

Improve fleet management capabilities
Optimize plant environmental equipment such as

Ay

SCRs and scrubbers &
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Years of experience in process control design,
implementation, and field installation

AES Alliant Energy Ameren Energy Generating American
Electric Power Constellation Power Source Generation

Dairyland Pg Power
Generat dison
P“(”'SS'_O” Withrmore thian 200l SmartProcess ”: T.

NN nstallations onlmany different
Louisian hority

Keyspa conrel systems;, Emerson Is the
UEEele market leader in advanced control.

Power ; Public
Service of New Hampshire Saudi Electric Company
Seminole Electric Cooperative Sempra Energy Resources
Southern California Edison University of Michigan We
Energies Xcel Energy Zespol Elektrownia Ostroleka, S.A.



What makes SmartProcess different?

TECHNOLOGY

Advanced control and optimization solutions incorporate
fuzzy logic, neural networks, model predictive
control, and optimization engines designed specifically
for the power industry needs

Browser-based user interfaces

Closed loop integration — Integrates directly with any
DCS or can be deployed via other protocols like OPC or
OSISoft Pl

Automated testing tools for quick, efficient
implementation




What makes SmartProcess different?

FLERIZILITY

DCS platform independent

Versatility to optimize for multiple objectives under
varying conditions

Dynamic routines that steady-state approaches cannot
match — Optimizer runs every 10 to 20 seconds,
outperforming all other comparable products

Adapts and learns changing plant conditions




What makes SmartProcess different?

ADAPTASILITY

No daily maintenance — SmartProcess self adapts to the
subtle long term changes in the plant dynamics

Data validation tools and comprehensive support
capabilities available

Easily upgraded with base plant control system
upgrades/migrations
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Deployment

Platform independence allows SmartProcess to be
Implemented on Ovation, WDPF or any other distributed
control system

Integration by Emerson Process Management personnel

Each team includes a boiler/combustion expert, a DCS field
engineer to perform DCS changes, and a neural
network/optimization expert for model building and on-line tuning

Implementation includes an initial site analysis, and can
be completed in less than 3 months

Non-intrusive implementation (I.e. no outage required,
can be easily turned on or off)

Low maintenance costs - 1 year 100% support

No runtime fees
No maintenance fees &

-
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SmartProcess
Combustion Optimizer
- Improves heat rate

- Reduces emissions

- Controls opacity levels

SmartProcess

Cyclone Boiler Optimizer

- Improves NOx levels

- Optimizes boiler combustion
processes

— Improves steam temperature

SmartProcess

Fluidized Bed Optimizer

- Achieves stable boiler operation

- Reduces emissions

- Tracks performance variances

- Achieves ideal SO, absorption rate

SmartProcess

FGD Optimizer

- Prevents limestone binding
- Achieves better SO5 removal

SmartProcess

Precipitator Optimizer

- Optimizes cleaning sequences
- Minimizes particle emissions

|
SmartProcess
SCR Optimizer
- Lowers operating costs
- Maintains optimum temperature
and pressure

R 1N

SmartProcess

Unit Response Optimizer

- Improves unit stability

- Increases ramp rates

- Increases startup efficiency

SmartProcess

Economic Optimizer

— Optimizes heat rate across
multiple units

— Optimizes varying cogeneration
electricity and steam demands

- Reduces maintenance costs

SmartProcess

Steam Temperature Optimizer

- Improves ramp rates

- Minimizes temperature variations

SmartProcess

Sootblower Optimizer

- Delivers optimal cleanliness
- Balances blowing sequences

SmartProcess

Global Performance Advisor

- Tracks heat rate deviations and
cost of deviations

- Reduces operating costs

SmartProcess

Fleet Optimizer

— Provides regional optimization of
multiple units for emissions, heat
rate, and revenue

- Provides browser-based visualiza-
tion of fleet performance
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SmartProcess Operator SmartProcess Engineer
Global Performance Advisor Workstation Combustion Optimizer Workstation

Plant LAN

Typical
SmartProcess
Architecture
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Typical SmartProcess Integration



Economic Optimizer

The Economic Optimizer
enhances energy
allocation and plant
operation, based on a
number of factors,

including operating
costs, equipment
efﬂmenmes anfly = !

operatlng schm'” '_
; " t!'!‘.m

ilﬂ'_‘

Unify islands of optimization
with an overall plant model

Applications

Fleet wide economic
analysis

Reduces operating costs on
multiple equipment type
plant configurations

CHP, Combined cycle
plants, Co-generation
facilities

Pumping networks
Fuel blending strategies
Cooling tower optimization

A
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Fleet Optimizer

: . g v » Results
‘*i‘?' 7 — Replicates and/or
The Fleet t' diversifies calculations used
manages - . for business decisions
enwronmental " — Provides reporting for O&M
compllance on.a costs and real time heat
rate

fleet-wide scale with
portal technology.

— Predicts emission cap
compliance based on load
forecasts

— Actively optimizes plant
settings to achieve desired
compliance target margins

— Provides data redundancy
of key variables

Operate cost-effectively while

achieving SO2 or NOx |
compliance. &

EMERSON.
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Optimizing Fleet-Wide Control

The Fleet Emissions Optimizer uses data from
multiple areas of the plant for fleet to achieve
Industry objectives.

« Environmental
Compliance

» Decreased
Operations
Costs

» Increased
Profitability




The Fleet Emissions Optimizer collects data
from segregated areas throughout the fleet...

Operating Labor )

Costs ... and tracks
Heat Rate Penalties fleet performance
. over time to
Maintenance Costs create an
Current Emissions > efficiency curve
Rate that adjusts with
Emissions Cap daily operations
Compliance and plans for
Changing Plant future scenarios.
Conditions Y, 4
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Fleet Emissions Optimization
Objectives

Determine optimum SO, emission rate for
FGD systems so that the total amount of
SO, produced does not exceed the yearly
cap

Report and control for removal efficiency
>70%

Optimize for the most cost effective flue
gas scrubbing
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Iﬁﬁ
-

EMERSON.



Fleet Optimizer Architecture

v Enterprise Data Server
Client Terminals

v Enterprise Data Server

v Enterprise Data Server
connect

" DCS or DAS

&
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a MERP-system - Microsoft Internet Explorer - |5’|

J @ Back + = - @ ﬁ | @Search @Favurites @Histnry ||%v -

J File Edit Miew Fawvorites Tools  Help ﬁ

| Address @ htkp://170.152.23.230/charts. php x| @eo

* deadband values for each quarter of year

30% 20%: 13% 2%

MERF  w

Unit Cherokee | Cherokesz | Cherokess Arapahoez | Arapahoed
Actual 502 Emission Rate 0.365154 0.000000 0073745 0.090919 -0.000122 0328857 0.079600
Optimal 502 Emis=sion Rate 0424319 0.000000 0.042432 0.0424352 0.000000 0320070 0.034565

Actual MERP system removal: 76.40
Daily MERP systemn removal: §8.37

MERFP

Total Predicted 302 |5832.8 tons

Predicted 502 for reminder of Year |4098.5 taonz

Actual 502 Produced in Year to Date I1?34.3 tons

0 Lipcacy 2000 FO00 i bl L014] i) TG0

You are logged as:
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3 MERP-system - Microsoft Internet Explorer == x|

J File Edit Miew Fawvorites Tools  Help i
J sPBack + o v @ ﬁ | @Search @Favurites @Histnry ||%v -

| Address @ htkp://170.152. 23,230/ common. phps x| @eo

AN menu e § A

Reports

# Daily 302 Prediction data
= Daily Load Forecast

= Wanth - S02 emission

= hlonth - 202 removal

= ear
-
- l(- :
Applications CEMS
= Qptimization package = WMERF systerm
= What-If = Emission limits
= Autoianual status
P r
Analysis ' ) CosT
# 158027 report # Generation costs
= Fuel Analysis # 502 costs

u Dperation&Maintenance costs
Wariable costs
Fixed costs

Total costs You are logged as:
Detail costs ess2

[@] http:/f170.152.23.230/camman. php# [ [ |4 mternet
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Edit

Yiew

Favarites

Tools  Help

1Back, + = - @ fﬁ | @%emzh @Famrites @Histury |@v -

‘B55

@ http: /170,152, 23, 230/ okal_costs.php

EEEOOOO0 merp

main menu

]

MERP Costs Estimates for Emission Control

[Total Variable Costs [USD] | Arapahoe | Cherokee | Valmont
[vear 2003 | 53085526 | 328295239 || 505 734 47
[vear 2004 | 000 || 000 || 0.00
[Total Fixed Costs [USD] |  Arapahoe |  Cherokee | Valmont
[vear 2003 | 183 53200 | 106924352 || 552 432.00
[vear 2004 | 000 | ooo || 0.00
[Total Costs [USD] |  Arapahoe |  Cherokee | Valmont
[vear 2003 | 101435726 || 435218591 || 1391 166.47
[vear 2004 | 000 | 000 || 0.00




Fleet Emissions Optimizer Summary

Resides on a central server(s)
Can be clustered

Collects disparate data from various parts of the
plant or fleet

Analyzes the data to determine the best ranges
of operation to balance fiscal goals with
environmental requirements

Manages air emissions and environmental costs
at the fleet level
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WWW

PC Clients
User input data
GUI

Application server
Oracle or my SQL
Data Storage
Distributed Link

ELD@Solution
Fuel Policy@Solution

Custom
Lntranet

Performance calculations

User input data
Distributed Link
DCS Link

Units 3 & 4 Plant B Unit 5

Performance calculations
User input data
Distributed Link

Performance calculations
User input data
Distributed Link

DCS Link

Web server
Interface generator
Distributed Link
Portal@ Solution

Plant A
3&4

Performance calculations
User input data
Distributed Link

DCS Link




Edit  Wiew Favorites Tools  Help

1Back, + = - @ . fﬁ | @%emzh @Famrltes @Hlstury |% ‘ E

'BE5 @ http: /170,152, 23, 230/index. php

@ XcelEnergy-

EEENOOOO merp SysS
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Arapahoe pnwer]planl
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Cherokee power plant

'MERP N )

. =ystem
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: Edit ‘iew Favorites Tools  Help

1Back, + = - @ 'ﬁ | QSEarch ﬁFamrites @Histury ||%~-r % E -

(=] @ http: /170,152, 23, 230/index_mapa.php

main meny  re B

I
Units | | Lafayette ff
output power @ 19228 1
emission rate & 0.1 l
produced 502 © 51.43

[ 2 |'.|-'I - |
Unit-1 Unit-2 Unit-3  Unit-4

J E output power - 10858 111.0¢ 164.5 3I80.0E
: emission rate : 0,39 0.4 0.0 0.09
prodused S02 : 256.27 162.8( 60.71 127.3]

I mit-
108.6¢
amission rate © -0 0.42

268,61




: Edit ‘iew Favorites Tools  Help

1Back, + = - @ fﬁ | @%emzh @Famrites @Histury |@v E -

‘BEs @ http: 1170, 152,23, 230/ common. php

=

Lir

/) XcelEnergy-

EEEOOOO merp

main menu

= Daily 802 Prediction data
= hlonth - S02 emission

= honth - 202 removal

= Year

Applications | CEMS

= Optimization package
= What-If

Analysis

#1807 report
# Fuel Analysis
# Cperation&haintenance costs

# MERF system
@ Emission limits

COST

i

= Generation costs
# 507 costs



Combustion Optimizer

Results

Reduces NOx and CO
emission levels

Improves heat rate up to

The Combustion
Optimizer reduces
NOXx emissions boiler

efflme ey while . - o 1.5%
Reduces plant maintenance
| ncy, and - COSts
,, malntalnlng |OS§OH ; Maximizes staged
1C n|t|on combustion efficiency

Controls and reduces
measured opacity levels

Increase the efficiency of your
boiler combustion process.
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r EE Demo - Microzoft Internet Explores

Combustion Optimizer tools:SmartEngine

- =

~ SmartProcess-

e
PLANT OFTIHIZATION SOFTWARE

Optimization Optimization

Results Parametars Log Qut

Plots Sensitivity
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Web based interface

=101

Opkimization

Optimizakion

Logged:

Michal Izydorski

- o - Results Parameters (MEETOTOE (ETELOD (PEE
- . ™
. smanPrOC(‘ SS Plots Sensitivity Setpoints
PLANT OFTIMIZATION SOFTWARE

Setpoints (optimization goals and constraints)

TYPE NAME VALUE [SETPOINT |WEIGHT |ZONE |[MIN_VALUE [MAX_VALUE MIN_STEP [MAX_STEP [QUALITY |EDIT
CY¥ WW1759 84.8 &6 100 0.1 0 | |
CY¥ DINDEAST 141.1 80 10 20 0 | |
CY¥ DINOWEST 225.2 150 10 20 2.1495 | |
CY D102A¥GL_EAST (3.13 3 400000 [0.05 0 |
CY D102AYGL_WEST [3.14 3 400000 [0.05 0 | |
CY D11APHGO 296.6 300 1 5 1} ]
CY D1ZAPHGOD 316.9 300 1 5 1} ]
CcY DI1COEAST 149.2 100 10 100 1} ]
cY DICOWEST 178.5 100 10 100 1] | |
My D11AA_DMD 50 1] 1] 5 1] 100 -0.35 0.35 1] | |
My D1Z2AA_DMD 34.9 1] 1} 5 1] 100 -0.35 0.35 0 | |
My D13AA_DMD 34.9 o 1} 5 o 100 -0.35 0.35 2.1495 | |
My D14AA_DMD 34.9 o 1} 5 o 100 -0.35 0.35 0 | |
My D15AA_DMD 34.9 o 1} 5 o 100 -0.35 0.35 2.1495 | |
My D16AA_DMD 34.9 o 1} 5 o 100 -0.35 0.35 0 | |
My D17AA_DMD 34.9 o 1} 5 o 100 -0.35 0.35 0 | |
My D18AA_DMD 34.9 o 1} 5 o 100 -0.35 0.35 1} ]
My D11FDRSC 126.8 o 1} 2 o 160 -0.2 0.2 1} ]
My D1Z2FDRSC 126.7 L] 1} 2 L] 160 -0.2 0.2 1} ]
My D13FDRSC 125.5 1] 1] 2 1] 160 -0.2 0.2 1] | |
My D14FDRSC 125.8 1] 1] 2 1] 160 -0.2 0.2 1] | |
My D15FDRSC 125.6 1] 1} 2 1] 160 -0.2 0.2 0 | |
My D16FDRSC 125.3 o 1} 2 o 160 -0.2 0.2 0 | |
My D17FDRSC 90.5 o 1} 2 o 160 -0.2 0.2 0 | |
My D110A_DMD 31.9 o 1} 5 o 100 -0.35 0.35 0 | |
My D120A_DMD 49.5 o 1} 5 o 100 -0.35 0.35 0 | |
MY nin? sp 5 T2 innnn nis n in -nni1s nnis n |

IC

LOGOUT

|»

&
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Sensitivity Analysis User interface

Nikitta : Sherco . - Microsoft Internet Explorer - |EI|5|
-- =" Optimizati Optimizati TR B
- ptimization ptimization - ichal Tzydorski
- P Results Parameters (EEE) (B (BElER LOGOUT
. 3 ™
. sman rOC(' SS Plots Sensitivity Setpoinks
PLANT OPTIMIZATION SOFTWARE
[Efficiency =l Sensitivity
- 0.46 1 = 2 4 5 5] i 8 | 10 11 12 13 14 15 16 17 18 0.46
LEGEND 0.383 0.383
1. aa1_position |
2, BAZ2_paosition 0.307. 0.307
3. aas_position ]
4, Af4_posiktion I 023 023
5. aas_pasition ]
&, aa6_pasition ] 0.153 0.153
7. aa7_position ]
g. aas_position [ 0.077 0.077
9, FDR11_|oad s
-l°ad i A 0.01 .01 .01 | 0.0 i
10, FDR12 ‘ : ; : |
-8 o1 o] 001 0| of 001 001 -0.01 -0.01 002 -0.46
11. FOR13_load || ;
1z, FDR14_load ] -0.07 -harr
13, FDR15 Joad ] §
14, FOR1G load || 0.15 - 0183
15, FDR17_load ] |
16, OFAL I 0.23 —-0.23
17. OFA2 | 5
) -0.30 L0307
18, OZ_setpaint |
0383 0383
i 2 3 4 5 8 7 8 9 100 1 T e et &
&,
v
v
- | MERSON.
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Case Study
Plant Optimization — Midwest Utility Unit #2

Company:

Site:

Unit:
Location:
MW:

Boiler:
Turbine:
Primary Fuel:

Application:

AEG

Newton Station ¥

Unit #2
Newton, IL, USA
615

Alstom (CE)

NOx v
Optimization
Steam Temp
Optimization

20.1% Average NOx Improvements
1% HR Improvements at high loads

Issues driving the need for change

2003 emissions mandate to maintain NOXx
below 0.13 #mmBTU

Avoid installing SCR
Sell/Trade NOx credits

4 month project cycle
No outage required

Payback of 9 months on NOx improvements
8 months on (>$400K) from Heat rate
Improvement

3
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e
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Midwest Utility Unit #2 NOx Optimization
Results Overview — NOx Mode (100%)

NNNNNNNN i

ion

—e— NOx_on

—@— NOX_off

Load (MW]

Maintain Heat rate

t

4

00 500 600 700
LLLLLLL

Below Average CO Levels EMERSON.
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Midwest Utility Unit #2 NOx Optimization
Results Overview — HR Mode (100%)

Net Unit Heat Rate

10400 10328
— 10213
S 10200 { 10139 10157
x
o}
£ 10000 - mIVY ON
£ 9800 - 9723 mIVY OFF
@ 9619
® 9600 -
I

9400

250 450 600
unit load [MW)]
Net Unit Heat Rate improvement
. 12 1.07 111

Ave. of 1% improvement

1.0

in Heat Rate over the
typical Load range of 450
to 600 MW equals

_ $407,000 |
-~ SmartProcess oot )

improvement [%]
© o
~ o

0.17




Case Study #44
Plant Optimization — Dynegy Hennepin #2

13% Average NOx Improvements

Issues driving the need for change
Drive plant average below .13 #mmBTU

Company: Dynegy

Site: Hennepin v
Prior solution ineffective

Real-time optimization of NOx emissions
and heat rate optimization

4 month project cycle

Uit unit#2 No outage required

E”W,t Ef‘:mp(CE;L Head to head comparison against “other “
N competitive solution

Application:  NOx v

Optimization

Ay
-, Ny
ﬁ.ﬁ
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Recent BCO results for NOX

Commissioning tests NOx results

MO trend during commisioning tests

MV by

SmaftEngin

Y

SmartEngine

HO s [ZIVVEBTU]
MOx [#MMBTU

T,

0035

WL

.08

16:30 1700 1730 1800 1830

O SmarEndgine ON O StmantEngine OFF

Commisgsioning tests HOx reduction

T

T4

20

w0

S0

.00

HNCE reduction In %

140

FEL

000

1900 1830 2000 20030 2000 213

Tirme

L)
l;'

)
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Summary

18.00

Normal plant operation NOx reduction

16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

NOXx reduction in %

Data Set 1

Data Set 2 Average

SmartEngine ON
Load > 190MW

Baseline - SmartEngine OFF
Load > 190MW

January 25t™, 2004 to March 3, 2004 June 1st, 2003 to August 16, 2003

NOX

NOX

0.112

0.141

Change in %

NOX

-21.17%

4

4
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Steam Temperature Optimizer

» Results
— Improves ramp rates up to
The Steam Temperature 1% of MCR per minute
Optimizer provides — Minimizes temperature
precise responses to variations by up to 75%
disturbances for accurate _ Controls spray valves, tilts,
temperature control. pass dampers, for accurate
temperature

— Multivariable control
strategy to maintain
optimum steam
temperature

Improve steam temperature for
faster ramp rates.

&
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Auto \
Results!!

25 MW ramp
-35 To +25

lii PI - ProcessBook - [STEAM TEMP IMPROYEMENT.PDI]

JJ@ File Edit VYiew Insert Tools Draw Arrange Wwindow Help

D=@|8d tme|nrce s/ A
Ad-Hoc Trend ’

1100 35
1019.5

No0H0/ YA

=
)

1000

2 9:00:00 Ak 4372002 9:49: 5407 1002 10:03
4d-Hac Trend
1100

* 1020,

SRBRE <~ 0

O Auto

]|

n

2.00 Houris)

STO Auto h

90 MW ramp
-6 To +9 (8] x|

4432002 11:00:00 Ak

O 0021 21
Auto

|| Uit Master 1 [Read Drly]



Sootblower Optimizer

o Results

1 — Delivers optimal cleanliness,
The Sootblower Optlmlzer resulting in a 0.5% heat rate

uses an intelligent improvement

modeling tool to develop — Decreases soot accumulation
heat rate absorption — Improves overall boiler
models that accurately efficiency

reflect the numerous — Balances blowing sequences
interrelationships of ~ Minimizes unnecessary steam

various heat transfer usage
sections. — Reduces opacity spikes
— Reduces NOx formations

— Enhances steam temperature
variability

Ensure efficient sootblowing.

&
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Sootblower Control lllustration

W5

=

I
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o Select Control Page Zoom Poke PRecall

; |||||||ﬁ

_“lllll

Scheduler =




SmartEngine Sootblower

Demo - Microzolt Inbernet Explone:

| - = Logged:

T - T Kay Process Sequence Input Data Model dems
- o~ Parameters OFF-time Conditioning Adaptation Log Ot
'... smanprocess Section l:lnan_linn-u Configuration Flots
S Model Selection
BOILER SECTION DESIRED CLEANLINESS | ACTUAL CLEANLINESS | DIFFERENCE | PRIDRITIES | EDIT
Water Wall 0.97 1.008 D.038 | ||
Secondary Superhester 0.99 -0 0.9% | ] | ]
Intermediste Superheater [ 1.02 1.08 0.06 =i ||
Finished Suparheater | 0.872 0.128 | ||
Reheater 1.02 0.875 0,145 | | =
Primary Superhesater 1 1.113 0.113 i =l
Economizer 0.95 0.81 0.14 | | ||
Air Heater 0.95 0.964 0.014 | | ||
Trashold |0.1 ==
Selection |manual |
RECOMMENDED SEQUENCES:
ACTUAL SEQUENCES:
Jul 9 Z003 04:11:47 PM 2 Cleanliness Algorithm: Secondary Superheater is Foulad, However no appropriate sequence can be choosen. Reheater is E‘ | Archive |
fouled. However no appropriate sequence can be choosen. Economizer s Fouled. However no appropriate sequence can be choosen. Finished O

Superheater is fouled, However no appropriate sequence can be choosen.

Jul 9 2003 04:11:47 PM : Steam Temp. algorithm: Load is high, rehester steam temp. i$ high. Mo action is recammended,

Jul @ 2003 04:11:47 PM : Time algarithem: Mo sequence has exceeded its maximum off-time, Mo sction is recommended.

Jul 9 Z003 04:11:47 PM : Running sequences: Seqldl, Seqd2, Seqdd, Seqld4, Seqlé, SeqlB, 5eql0, Seqll, Seqlz, Seql4, Seqlé, Seql7, Seqld.
Jul 9 2003 04:11:47 PM 1 Recommended seguences: no seguence is recommended.

Jul 9 2003 04:11:24 PM : Cleanlinass Algorithm: Secondary Superheater is Foulad, However no appropriate sequence can be choosen. Reheater is
foulad, Howeaver no appropriate sequence can be choosen. Economizer |5 Fouled, Howeaver no appropriate sequence can be choosen. Finished
Superheater is fouled, However no appropriate sequence can be choosen.

Jul @ 2003 04:10:24 PM : Steam Temp. Algorithm: Load is high, rehester steam temp. is high. No sction is recommended,

Jul 9 2003 04:11:24 PM : Time Algarithem: No sequence has exceeded its maximum off-time, No sction is recommended.,

Jul 9 2003 04:11:24 PM : Running sequences: Seqll, Seqd2, Seqdd, Seqld4, Seqls, SeqdB, 5eql0, Seqll, Seqlz, Seql4, Seqls, Seqls,

Jul 9 2003 04:11:24 PM : Recommended seguencas: no saguence is recommendead.

Jull 2 2003 04:10:49 PM : Cleanlinass Aloarithm: Secondary Superheater s Foulad, However no aoorooriate sequence can be choosen. Reheater is & )N“

ment




Soot blower signature analysis

Baseline Window B

200

1.00 WW

0.o0

0 g0 180 240 320 400 480 5BO

640

— baseline

Chart Calor

Line Color

Fill Calar

Print Graphics

Calculate

¥ ReadO rily

Save

Cancel

— Infarmation — Metrics
SootBlower ID: Metric | Baseline | High Limit [ Lowe Limit |
Current_dverage_Blowin 0.930 1.050 0.950
Cycle |D: Current_DEV_Blowln 0.000 0100 0100
ol Current_STD_Elowln 0.030 0.0z0 0.000
#EE Current_COR_Blowln 0.695 0100 0100
Bazeline Current_Trend_Blowln 0.000 0,001 -0.001
Recentl : Current_Averags_BlowDut 1.252 1.350 1.250
Fecent2 03/30/2004 08:18:22 (402) Current_DEY_BlowOut 0.000 0.100 -0100
Fecent3 03/30/2004 07:13:26 (402) Current_STD_BlowOut 0.056 0.050 0.000
Fecentd 03/30/2004 04:50:46 (400) Current_COR_BlowOut 0.314 0.100 -0100
Current_Trend_BlowOut 0.000 0.0 -0.001
Current_Peak. 1.803 3.000 0.000
Current_Duration 200.000 410,000 300,000
— Raw Data for the Bazeline Cycle
CURRENT [AMPS] | PRESSURE [F'SIG]I FLOWRATE [KF'F'H]I ~ Color

EMERSON.



Status tool and Reports

Recent Monitoring

— Configuration [nfarmation

SootBlower |D: IIKE|1 j Dezcriphion: ISu:u:utEIowerIKD'l

— Metrice Comparizon

etz | B azeline I Lazt Cycle | 2nd Last Cycle | rd Last Cycle I Ath Last Cycle
Current_gwerage_Blowln 099018 [1.05/0.95) 1.0114 0.98661 1.01968 1.01127
Current_DEY_Blowln 001401 nnz212z2 0.00357 0.0295 0.02109
Current_STD_Blowln 002963 [0.02/0) 0.04033 005778
Current_COR_Blowln 0 E3457 [0.1/401] 06487 052391 0.E0343 0.BB757
Current_Trend_Blowln 0(0.001/0.001) n.a010s 0.00057 000107 0.00097
Current_gwerage_BlowDut 1.25177 [1.35/1.28) 1.3381 1.30845 . 1.34034
Current_DEY_BlowOut 000 0.03634 0.0566S 010239 0.02357
Current_STD _BlowOut 008551 [0.05/0) B 3 013029 012084
Current_COR_BlowOut 03138901401 078147 0.70803 07761 0.79699
Current_Trend_BlowOut 0[0.001/40.001) 0002 000133 000157 0.0me7?
Current_Peak. 1.80328 [3/0) 1.98486 1.91925 200775 1.9162
Current_Diuration 200 (410,300 398 401 am 399
—Faw Data for the all the Cycles — Cycle Dizplay Info:
Show Data
CURRENT [AMPS) | PRESSURE [PSIG) I FLOWRATE [KPPH] |
e 034022004 08:30:21
=T Bazeline: ¥
Last Cycle: v
2nd Last Cycle: rd
3rd Last Cycle: v
4th Last Cycle:  03/30/2004 04:50:46 [400 sec) I
1.00
ChatColor | LineColor | [ FilColor |
Print Graphics |
0.oo
0 a0 160 240 320 400 430 ah0 F40
[one |




Case Study: Sootblower Optimization
Southern California Edison - Mohave Unit #1

@ | EDISON Heat transfer rate increases
Company: — Southern 8-10 % water wall and div superheaters
California
EXEE 6-7% final superheater and front reheat
Site: Mohave Station ¥

2-4% rear reheat and economizer
Opacity reduction

Issues driving the need for change:

Reduced opacity spikes during sootblowing
and load ramps

Unit: Unit #1

Location:  Laughiin, NV Real-time sootblower optimization
-Eﬁ‘!ﬁ?;e;F | é"é“:”“ . 5 month project cycle
rimary Fuel: oa
— No outage required
Application:  Steam v
Optimization Estimated payback of 8 months

EMERSON.



Result : Stack opacity

Opacity-Megawatt Ratio
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Global Performance Advisor

» Results
— Reduces operating costs by

The Global Performance

Advisor allows operators tracking unit heat rate
to identify controllable %%ngg’nzoggslIg;/selrotgtnguae”%
losses, track equipment equipment performance
erformance against deviations
P g
design specifications, and — Calculates net unit heat rate
quickly identify and tracks heat rate
: deviations
problematic process areas . o
to reduce operating costs. ~ Displays deviations and

cost of deviations to help
operators determine
corrective action or flag
equipment repair and
Monitor and benchmark plant maintenance needs.

performance.

&

EMERSON.
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" SmartProcess”

Global Performance Advisor

Unit Heat Rate Module

Turbine Heat Rate Module
Turbogenerator Heat Balance
Condenser Performance Module
Boiler Performance Module
Economizer Performance Module

Boiler Feedwater Feedheater
Train

Boiler Feedpump Turbine Module
Fan Efficiency Module
Large Pump Performance Module
Cooling Tower Module

+2 GPADCS - [D_BOILER.fdsp]
Ele Edt ‘iew Projct Objects Actions Window License Help
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FEEDWATER| TURB PP || TURB LV |  GLAND GLAND LUBE OTL || EMERGENC

CONTROL | GCONTROL || cONTROL | GTEAM 1 STEAM 2 SYSTEM TRIF

runeINe § | TuRBINE | eENEmATOR|  ATC TURBINE TURBINE | ATC HOLD/

PERFORM HEAT 'PRESYNC | PRESTART ROLL WTR DTCT |  TRIPS
AT T

1 EXHAUST FLOW [
T EXHAUST ENTHALPY (UEEP) [
m EXHAUST LOSS [

AIH;‘BHAFT |

ONAT 7N

-+ TO

T0
" CONDENSER

HP LP
1ST EXT 6TH EXT 7TH EXT
Wi

ACTUAL EFFICIENCY | | 2222220 GENERATOR FEHFDHMANGE
DESIGN EFFICIENCY | af[2222220 —— : -
DEVIATION s | R ] . m
PCT LG{E\D GENERATION >2 > 22222720l 2227222 GROSS OUTPUT
EXHAUST MDISTUHE NET OUTPUT

AUXIL IAR\" POWER

i
PARAMETER |

' TOTAL GENERATOR LOSSES |

ENTRY __ FIRST STAGE | PSIG M GENERATOR EFFICIENCY
REHEAT ps16 | R B 'APPARENT POWER
CROSSOVER PSIG POWER FACTOR
LDC MODE HEGAWATTS ; 'R COND_PRESS EIHST oPACTTY_ |




#3905

GROSS TURBINE CYCLE HEAT RATE

ng}ml EEDWATE
TURBINE E l
PERFORM

TURBINE HEAT RATE/GENERATOR OUTPUT

| TURBINE
| HEAT

PARAMETERS UEN”fT VALUE
ACTUAL BTU/KWH
 DESIGN | BTU/KWH '_ .
DEVIATION BTU/KWH | e
CORRECTED ‘ BTU/KWH

TuRs pe | TURB VLV
CONTROL | CONTROL

PRESYNG

PARAMETERS
1

GROSS OUTPUT
TOTAL CORRECTION |
CORRECTED OUTPUT

DETAILED HEAT RATE / OUTPUT GORRECTION DATA

STEAM 1
ATC

TURBINE TURBINE

PRESTART ROLL WTR DTGT

GLAND I LUBE on.' RGENG!
STEAM 2 SYSTEM TP
I ATC HGLIH"
TRIPS || SUPERV

GENERATOR OUTPUT

5

CAPABILITH | sTRESS ||  CHEST
EAAT

TURBINE
TEMPS

ONVAT 193N

TURBINE GENER,

VALUE |
(2227220

S —

|

MW

OUTPUT DEVIATION (MW)

|

HEAT RATE DEV (BTU/KWH)

PARAMETERS el et 50 25 0 -25
THROTTLE STEAw Tew  oeor  [EEEEEE AR | B _ ! —
REHEAT STEAV TEWP oEor i ey B I O | |
THROTTLE STEAM PRESS PSIG 2272270l 22727720l z2272zaff] o] -
REHEAT PRESS DROP PO :2zzofl sezzezolllzzezezal] - Woeeeewoll
EXHAUST PRESS I o el el
RENEAT SPRAY FLON | ewe IR T
SUPERHEAT SPRAY FLOW LG 2222220 2222220l 2227222l ~ Wlz2222201 N
BFF TURB EXT STEAM KLBIHH '?'?'?‘??'?Q l_m____ ? I- f ml — “—_”______. Cm— i
MJ!!.KE UP w&TEB _“-. = s I_ . 22 _- —r=— — '??'????Q __ o ; ‘
_ CONDSR SUBCOOL T e  EOET e
TOP HEATER TTD :. | O —
OTHER HTRS COMBINED TTD | | e————
TOTALS |
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Condenser Design Data Screen

Algorithm Properties - Cnddesign

Ennfiguratinn] | nputs ] Dutputs] Ennstantsl Tagsz

E =

B Of Compartments:

H Of paszes through Condenszer: |2—
Dezign Cleanliness Factor: |E||:|— %
b akeup 'water Units: [KLE/MHR =]
Condenser Diuty

Iz Circulating *» ater Floww Mo -

If It iz HNOT meazured, check all that are uzed
in calculating the condenzer duty:

LF Exhaust

b alkeup W ater

LP Heater[=] Dirain

Steam Jet Air Ejectaor

Gland Steam Condenszer Drain
Steam Seal Regulator Spillowver
Boiler Feedpump T urbine E <haust
Out-of-Service Low Pressure Heater

Mizcellaneous 1

EEEEEENEENEMNQ

Mizcellaneous 2

Lrezign Info l Source ] D eztination ] Connect kMap ] Shape ]
Cormpartment |ln-Service Status
" Diigital Flag

{* Compartment Temperature Rise Threshald: |1 0 DEG. F

Condenzer Tubes
Cormpartrment #:

—
|Stainless Steel 304/316 | =
5514

22 =] BwG
08725 | IM.

M aterial:

Murnber of Tubes:
Tube wiall Gage:

Outzide Tube Diameter:

Tube Length: 4325 FEET
M aterial | c.|#. |wal. [Ousi. | Le
Stainlezz Steel 30... 1 h. 22 08725 43
Stainlezs Steel 30... 2 . 22 08725 43
il |
Taotal Tubes Cormpartment 1: 5514
Compartment 2 5514

k. Cancel |




CONDENSER PERFORMANCE

GROSS UNIT LOAD ERERZL) MW W Auuﬁﬁcnﬂu —Lgxﬂﬁﬂgi“
NET UNIT LOAD EREEEERY MY  yrcc pmarns o | EI
'.I&L[Tﬁéi 4 < CIRC WATER
OUTLET [Errerrs (GPM) . m (GPM) INLET
uakeup EEEEE [ H -5
CONDENSATE
om0 = EXPEGTED, - 7} B
{CLEAN CONDITION)
BACK PRESSURE INHGA PARAMETER
HEAT TRANSFER COEFFICIENT BTU/(WR+FT2«oF) EIEEON  EOEEER  ENTY
CLEANLINESS I T -~~~ J _ e
~ TERMINAL TEMP DIFFERENCE DEGF | e
INITIAL TEMP DIFFERENCE DEGF '
| SUBCOOLING | DEGF
LOG MEAN TEMP DIFFERENCE DEGF T
CIRC WATER VELOCITY | FT/SEC T
GGII\I-DE'HQE_E_DU:I'_Y_. Pl MBTU/HR : —--“I :

THROT PRESS HF!DTTLE TEMP

el o Te e To e R e Bl | el brdedr D e A Bl

lﬁH TEMP F




Fully, Configured Dynamic Link Library Containing
Plant-Specific Performance Calculations

Unit Heat Rate Module

Turbine Heat Rate Module e e e

TG Heat Balance & Efficiency Module

HRSG Performance Module

Combustion Turb. Performance Module

Condenser Performance Module
.

Cooling Tower Module
1

Large Pump Performance Module

EMERSON.
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Typical Ovation GPA

_ Plant LAN >
GPA / Operator Engineer/Developer F==C0

Operator Station Studio § -
Station
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Enterprise Data Server (EDS)
Integration Software

The Enterprise Diagnostic Server (EDS) collects and
processes plant data. It allows users to access current

and historical data gathered from control systems and
other plant data sources.

» Up to 100,000 process point capability

» Operates on various systems, including Linux, Windows NT,
Windows 2000, Windows 95, and Sun Solaris

« All-in-one capabilities: alarms, visualization, reports,
calculations, archival data storage, optimization, and advanced
analysis

» Gathers data from the entire enterprise or multiple sources in
one place

« Unified source of data for analysis, calculations, and process
optimization S

» Flexible source for visualization and reporting EMERSON.

Process Management



EDS Structure

DCS or DAS
(EDS connect)

EDS Server

&
EMERSON.
Process Management

EDS Terminals




Performance Monitoring System
Data Validation and Substitution

Developed as standalone algorithm with OPC
Interface

Load data step has data analysis for bad data,
unrecognized values, unknown error tags,
overlapping and lack of data samples

Neural model for key sensors such as fuel flows,
feedwater flows, etc.

Traditional approaches to secondary sensors,
such as substitute values, curves, etc.

Full scale replacement data via ULS module

Ay
=
_—
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BMAESS II: Events - List

X BOOu=fo ?
Timestamp | Type | F.ind | F'riu:urity| M arne | D escription |"-"alue| Lewel | tMaode
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I 1
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Reporting functions

EESS II: Report definer

POWER PLANT REPORT

00:00:00 07/09/2003

01:00:00 07/08,/2003

240

01:00:00 07/09/2003

02:00:00 07/08,/2003

237

02:00:0007/09/2003

03:00:00 07/08,/2003

237

03:00:00 07¢053/2003

04:00:00 07/09/2003

238
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Point list and help

?

D | Mame ISource |Identifier Description IT_l,Jpe I»’-‘«rchivization I;l IESS I
5 [T414B1

WwWDPF T4AB1 IGM AB1 IGN VALVE SUPERY TIMER ANALOG L
TH4AEZ WwWDPF T4IABZ IGM AB2 IGM VALVE SUPERY TIMER ANALOG
THIAB3 WwOPF T4IAB3 IGM AB3IGM VALVE SUPERY TIMER ANALOG
T4IAE4 WDPF Tdlap4 IGM AB4 IGN VALVE SUPERY TIMER AMALOG
TSBAB1 WD PF TSEAR1 BMR AB1 BMR IN SERVICE TIMER ANALOG
: TIMER ANALOG
TEBAB3 THBAB3 BNR AB3 BMR IN SERVICE TIMER ANALOG
TEBAR4 TEBAR4 BNR AB4 BMR IN SERVICE TIMER ANALOG
THIART ThlART IGM AB1 IGN IM SERVICE TIMER AMALOG
TEIAB2 ThlARZ Help [Release: rel 2.5 3 2, qt 2.3.1)
TSIAB3 TSIABS
THIAB4 THIABS
il [TEEAR1 TEEAB1
TEBARZ TEBARZ
TEBAR3 TEBAR3

o |TEEAES TEEAEY Button |Point List] on the ESS I Control Panel allows dizplaying a window with a list of all process
TEIAET TEIAET points defined in the system together with their parameterz. The figure below shows such a
windows, To view full settings of a point, the user has to select it on the list.

Groups

- - g -

Display of point list

L L TElABZ Area marked WGroupzl in the upper right part of the above window allows to fiker the displaved list
TEIAR3 TEIABS of points with regard to security groups | each check-baox allows to include points belanging to
TEIAE4 TEIAES thiz group. Area 1Sources allows doing the same, but with regard to gources of data [field ZDI).

T7BAE1 T7BAR tTDr;ncl Window can be opened by selecting the requested point and clicking trend button on the
T7BAEZ T7RAEZ

T7B&4E3 T7RA4E3
T7BAB4 T7BAB4
TEBART TaBAB1
TEBABZ TaRABZ
TEBAE TEEAE

The Idragidropl feature allows to add & new paint to an already opened Trend WwWindaow just by
zelecting a point on a point list and dragging it om to the Trend Window.




Profile definition
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Process Mlanagement
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