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Today: Over 300,000MW power generating
capacity controlled by MAX systems
B LA MAX R R K A E#id 300,000 MW

In China: MAX systems are
controlling 84 units, over
23,000MW power capacity

| ZEHE, MAX R4 R4
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Boiler Control Optimization: DEB 400
B HIR 4L T HE: DEB 400
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Combustion Optimization: Boiler OP

W RBLALI TR: Boiler OP

* Developed by Energy Research Center of Lehigh University
H1 3¢ I B K 52 ) REVR T 9 L (ERCYRT T &

* Boiler OP: Modifications to boiler control settings to achieve
desired NOx level with minimum impact on unit performance
or other parameters, subject to specified constraints.

Boiler OP &l A Gt RIZHI B, FEME LR 1 TS
ERINOXHFHE, RIS XA KM B BRI A S H0™ A4 B /N
* Number of boiler control parameters that are involved is
large. Manual determination of optimal control settings is not
possible.

HTREERPEITERNEFSHNE, EEALTERE
B T I B v R AN T RERY
A
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Boiler OP: Optimized result
Boiler OP FIBRIALE R

Boiler OP Optimized Settings
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Boiler OP: Financial Analysis

Boiler OP: &% 4 #7
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Boiler OP: Resides on maxNET
Boiler OP: i&id k45 maxDNA R St o4& 11

J metso
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Boiler OP: Background
Boiler OP FIFF R &

* An intelligent combustion optimization code, Boiler OP was
developed by the ERC and PEPCO to:

Boiler OP & HERCHIK % & 1] B J A ®] 76 22 904E A b S Bk
SR RRENA TR, FEHT:

- Guide parametric testing (5SS %iR)

- Automate creation of database ( Bzh4BEIERE)

- Correlate test data - (GEBRHIA% )

- Determine optimal boiler.control settings (k2 &t KR bl B e )

* Boiler OP combines and expert system, neural networks and an
optimization algorithm into a single computer program.

Boiler OP KEXARS, MEMBIILATIER A —EH HHERFT

D metso
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NO, Regulation
NOX ik vE

* Under 1990 Clean Air Act
1990 RIE B IER N E
- Acid Rain BTy
* 0.45 Ib/MBtu for tangentially-fired boilers
P B e b NOXHE i 3% #1420 . 451b/MBtu
* 0.50 Ib/MBtu for wall-fired boilers
S b NoxcHE #1420 . 501b/MBtu
- Ozone Non-Attainment FrEx=SA KR
® 65 to 75 percent reduction from 1990 levels
7£19904F fR7K b Pk HE65-75%
* 0.15 Ib/MBtu by 2003
20034ENOxHE /% 70 151b/MBtu

D metso
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PEPCO Potomac River
&%%Tﬂ%ﬁ#umm

Four 108 MW & one 150 MW Units
44 108MWHFI 14 150MWHLA

* Tangentially-Fired Pulverized Coal, Eastern Bituminous
IR BERR R, RF 52 B 25 SR A

® Conventional Burners — Original Firing System
HRR e, MRRFARUGE

* Four Burner Elevations — All Four Mills Needed for Full Load
VUEIRRAR AT B, W AT I AR BN 8 0 5 BE IR AL

® Option to Meet NOx Regulations: Install Low-NOx burner (cost 37 M USD)
AT HRINEERD I ZREERER S

* Alternative: Optimize Boiler Control Setting Without Converting to Low
NOx Burners

MACBRIF R i B A T 222 B Bt IR EURR e 2 -
( ) metso

© AL 2005  Juy24,2005 P13 automation

PEPCO Potomac River
&z%Tﬂ%ﬁ#U5m

56 sets parametric testing on Unit 4 to find the minimum heat rate subject
to a target NOx of 0.45 Ib/MBtu.
St4 S HHEAT TE6HSHMIR, F3£0.45 1b/Mbtu F ARNOX B f) B I HHE

* Parametric testing sequence: economizer O, level, burner tilt angle,
combined economizer O, levels and burner tilt angles, mill loading pattern,
auxiliary air damper position, fuel air damper position, and combined
auxiliary air damper positions and burner tilt angle.
MR SHEIE: BER0,, MRSEA, BEROAREERZAA S, BRI
SERK, HBIRERAE, MR ERAE, HBNERAENRESZEAAS

* 39 input parameters used in Boiler OP. Unit load, main and hot reheat
steam temperatures, burner tilt angle, and various mill parameters were
available on-line from the plant DCS. Remaining parameters were
recorded from instruments and the CEM system. Net unit heat rate was
calculated and manually entered into the database.

° Boiler OPH T3NS, HANA, ERNBTAERBARBREE, RIS
B, URESFHEENSEETT N DCSTELIRA, HASHON il = R M
CEMARZIL R, HMAFRFEAETE G N TRALIEE D metso
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Boiler OP: Online Closed Loop Control
Boiler OP FT7E£& A il

MEASURED
MO,
5OFA
CONTROLLER l::l=
+ >
:ST:TET &_ TiLTs
) S FLUEGAG ] OEM HTACK
[
I sontroL
I Locie
I RECOMMENDED
! RELATIONS BETWEEN
A=A
EQILER CONTROL
VARIABLES
PLANT EOILER OP
ENCQINEER
Y
") metso
© AL 2005  Juy24,2005 P15 automation
Boiler OP: Optimization Result
Boiler OP Hfit4b 45 %
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Boiler OP: Combustion Optimization Savings

Boiler OP BR4FEAL 2 5 3

PEPCO saved $37 Million
by Avoiding Low-NOx Burners
55 WL Ll KRR HU AL s R sl 3=
% Oy A] B, 1A F] (PEPCO) RF & T CAAARK Bk
FE RN B R LT R HER 22008 LU 5
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What is Boiler OP?
Boiler OP B4 ?

%%%%. ‘

FZE R 2%

. ! syummEE
A ! e R R

Combustion Controls
Data Acquisition
Information Management
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automation
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Why Boiler OP
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Source of Nox vs.Excess Air

NO FI B L B S5 e Fol 2 S i

Sources of NOx vs. Excess Air
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NOx Formation as a Function of Temperature

NOx HJFE RS 1aE R EC R

* Most NOx above 1800°F
KEB 4 NOX 7E>1800°F(980°C) FFIETE Bk
Minimize NOx by keeping average flame temperature low
PREFBAR 3 K IEIR B BB A NOx HEfftg/Mb

* Use the same heat in the process, just make the burnout longer
NP AEFHFARHRE, EFERIERNFREEK

* Flame is lengthened - provide more time for burnout, which
lowers combustion temperature

FEKHEAR — AT IMARIR BB IR), (7] I PR AR R BE

D metso
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NOx formation as a function of time

NOXx F& 55 I 18] i bR £ 5% &R

* Longer time required for fuel burn out produces lower NOx levels
REHRIR T BB TR, HERRHI NOXZK Y

* Complete burnout is important (particle size should be minimum)
FTERREZENE: (FIRERBRLER /)

* Must set classifier for smallest particle size
BCEURL 73 LA RRE B FURL B />

* Fuel/air mixing rate regulates the burn rate and thus the resulting
average combustion temperature

ABLR RE R ARTTRGRR, ATt BE T PR pRia B

D metso
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Turbulence...

£t/ p- AL

* Necessary for mixing fuel
3y SNERE DY S s

* Excessive turbulence promotes rapid burnout and high
average combustion temperature
o BRI S IR R IR 7= A 5 e B R

* Low NOx burners mix fuel and air in stages and quantities
for low NOx production
RERIRR TR S EBEREIZS AR NOx A/

* Goal: reduce air to core burner zone
H I DR IR A IE O R R E

© 51131k 2005 July 24,2005 P23
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NO, influenced by...
WP ] B E URIINO, FEREHI M.

* Less then optimal Boiler Control Settings

WP RAER A

O, Levels & E(0,)

Furnace exit gas temperature % H OMSEE
Secondary Air Damper Positions — &k X344 7
Burner Tilts K8 EAE

Overfire Air Damper PositionsR#E XA B

° Boiler Air Leakage %I X

° Dirty Boiler FAEHIARL

* 0, Sensor Problems S E# kK il i

* CEM System Problems CEM Z& % i) jii] i

© [ )1k 2005 July 24,2005 P24
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Optimization for NOy Impacts...

fit NOy HEBCRE ...

- CO levels —&LBHEK
- Opacity MWSEE
- LOI KREHE
- Slagging %
- Boiler Efficiency #3PB%%

(Excess 02, UBC, CO, Gas Temperatures).
- Turbine Cycle Heat Rate SHLIEFF HukE

(Steam Temperatures, Desuperheating Flow Rates).
- Auxiliary Power Requirements 3¥n)” FH &

(Fan Loading, Pulverizers Settings).
Tuning the boiler control and firing equipment (air registers, coal
mills, burners) eliminates or mitigates operating and
environmental constraints.
HE GNP IERIFIE R 2 (XK E, BIRDL, #5Ea5) 19 & i LIAERR
Bl DIBTTRIFF B FAFHILI K.

© 51131k 2005 July 24,2005 P25
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Combustion Optimization: Impacts on unit heat rate

WARAAC KIS E LA AR BT

Boiler PG CIEHS ANEEId Heat Rate Impact
Component MNHBEKREW
; -3 AR R
BPBR N
Boiler H Turb. PAux.
288 Al 0, UBC, CO, Teeam: Tgas,
o HER Attemp., P, o o o
Pulverizer & # 4l
Classification
KL 4 i ML UBC, CO, P o) [¢)
Primary Air — & X UBC,CO, Pg,
Bliasinig 03, CO, Tstean. Tgas. ) ) )
I B Attemp., Pnu (¢} O O
Burner system
mMEBRRE
Seconary Air
Z R 0,,UBC,CO
Swirl Jig i 0,,UBC,CO
OFA 0,,UBC,CO, Tsean: ) )
AR R T gas, Attemp. ] ]
Tilt 0, UBC,CO, Tseam: . )
2 L Tgas, Attemp. ] ]
Sootblowing
LEEEA Tsieam: Tgas, Attemp., Py 6 o o
©FHiAHL 2005 Juy24,2005 P26 " automation
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Combustion Optimization

eI

“Modifications to the boiler control settings to
achieve a particular objective (target emission level
with minimum heat rate penalty ), subject to
operational and/or environmental constraints.”

‘BT B FALIR T, Ky TEB— e H
FRIIX AP FE T E I VB, BIAT: LIRIRHIFAFESCH
RBHEH AT HER(E.”

D metso
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Objectives of Optimization

AL HI B A5

Objectives are specific to the unit and situation
HARAUER X E HLALR T8, AT LU
* Lowest Possible Nox
A AT AER) NOX
* Control NOx to Target
FE NOx A~ Hbrfd
* Minimize Heat Rate (Increase efficiency)
fERFER AT (%)
* Enhance the performance of Low-NOx Firing Systems

HBEGERISER LRI

"‘) metso
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Constraints Applied
TN ) 4 R A

Constraints can be applied
AU DN A 293, e

* LOI

°* CO

* Opacity

* Steam Temperatures

* Gas Temperatures

© 51131k 2005 July 24,2005 P29
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ERC Optimization Approach: Constraints
ERC AT VERIANFEZ 4b: SR FIRLIEL R &AM

* Combustion optimization has been applied at approx. 200 power
plants in USA to minimize emissions and optimize unit performance.

FERE, DLFIT2004H) RAMREIRFEEABORM LA TLA e

* Many technical papers have been written on the subject, describing
optimization software and achieved results. Little information
presented on factors that limit the achievable emissions reduction.

REBARRIA AR T BL:, RS, BERDHFER
I LI BRAT R HE AL SR 1 1 Y R 38 DL R BT I B B4 T R 1R O

* Misleading impression: combustion optimization can be easily
accomplished in all cases, simply by installing and using combustion

optimization software.

RRHES: EMRERE R AR TR AR s

B F L IR

© 51131k 2005 July 24,2005 P30
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ERC Optimization Approach: Constraints
ERC AL TTERIAFEZ b BRI IE L R

* Inreality, many factors, such as maintenance status of the combustion
equipment, degree of process automation, operating practices, and limitations
imposed by local environmental regulations are involved.

gy b, REEER, AlWRRESHEFRS, IEENUNEE, BITIH,
AR 2 IR SR AR AN i) R ) S R &

* ERC's optimization approach is based on the deep understanding of underlying
physics and boiler operation to identify and rectify the maintenance and
operating constraints that would reduce the effectiveness of a combustion
optimization
ERCHMRA T2 T3 N ZERH A S I AT O R R AR, VE EAE St P 465
AL IESHI SRR BOR B B 4dP RABAT AR &4

*  Combustion tuning is integral part of the ERC approach. Systematic Steps are

required to achieve maximum emission reduction and to overcome operating
and other constraints

WA B R ERCARAL T5 VA I — AN B IR 20 AR B K PR BE VB I S R AT AL
TR AR T EE — B R RS BRIAT

D metso
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Anatomy of an Optimization Project
Bt — AT

Brayton Point Unitt 3
Ay & B3 5 Hl
PG&G National Energy Group i
PGRGE i
B&W base-loaded, Supercfitical, dl@fbll@ 5
reheat 630 MWgross @pp@sedl wall- Jﬁr@dl winit.
1
. . - =
L e
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Low Nox Burner System Layout

RERRARR AT E

b 0 5 R 5
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Windbox Configuration
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Objectives of Combustion Optimization

PRIGEAALH H b3

* The unit is characterized by a high volumetric he W | Y
release and consequently high FEGT. e
PUARES REPRRARR, R DG (FECT) &

* State regulations limit CO emissions to 0.156 Ib/MBtu on
a 24-hour rolling average. This corresponds to a CO
concentration limit of approximately 160 ppm,

PHYERE PR 52 COHETf 24 /N i ¥R B~ F-3{E 40 .. 156 1b/Mbtu, AH 24

T-COMk FE #£3r160ppm
* The unit also had a NOx emission objective of 0.38
Ib/MBtu
ZHLA R EF0.38 1b/MBtuft) NOXHERK B #7fE
N bmetsq
©%HLAZIL 2005  July 24,2005 P35 automation

Step 1. Pre-Outage / Outage I nspection
F—: ENETRRENEIRE

* A pre-outage inspection was performed to assess performance of the
combustion equipment, identify potential problems that could have an
adverse effect on the combustion optimization tests,and inspect
instrumentation used for the combustion process control. A survey of
the burners provided information on the reference (baseline) settings.
BHT T —IRAEPLET R B R PP IR PE B BOTERE, 485X BRBRAL B
B RIER AR AR, REHTRREEZES MR SRRk
R ERMEAERERER

* A detailed inspection of burners and related equipment was performed
during the plant outage

HL LR R AR AR SR B & 51T T HF A AL
® An evaluation report was provided for the possible improvement

MRIEAL A B4 5 ) RSV IR 5 A O R Y

D metso
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Step 1. Pre-Outage / Outage I nspection
F—: ENETRRENEIRE

* Step 1 is often neglected
H— WS A

* Results in tighter constraints and reduces
optimization benefits

RS — 5 KR BV SR BE RN
AR5 AL IS Ak

D metso
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Step 2: Combustion Tuning
S| BRI

* Constraints increase minimum operating O, level or limit maximum
SOFA register opening, reducing achievable NO, reduction and/or
increase unit heat rate.

JARY B LR S ANLOUAICO Ry B AT BT I B R O 18 m, B BR Al
SOFAFSAR BB R TTBE, AT FRAIR T 7T BE Rk FRINOXAT / R e ke A

® High CO is typically caused by maldistribution of air and fuel to
individual burners.

- Balance coal flows in coal pipes.
- Balance secondary air to individual burners (W-fired boilers).
COMRIIE 2 i T3 B /MAGR A HIRBL AR E M BEA I ST R, B2
— PRI R R EIA A R . SFETER B R R LR SR
FARBRAR I IR KR BE S iR DR AN X R 2 BiEAN S

* High LOI levels depends on flyash resistivity can have a negative effect on ESP
performance and impose operating constraints due to high opacity.

LONE 5 RIRMBH AR,  XIEr iRk St aeE A, R/
SBERTXBTHINEN T AREMHF -
( ) metso
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Effect of Combustion Tuning on NOx Reduction

R BE T EE X Nox JHE i /B F
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Test Result: Effect of Sootblowing/Slagging vs. NOx

WAL R : I RN G5 FERTNOX FHETBHI

Rox R [1b/Abtul.-
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Test Result: Effect of Sootblowing/Sagging vs. FEGT

TAGTR e JB RN 45 R 3o J HH 1 AR ) 55
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Effect of Furnace Exit Gas Temperature

Ay YA
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June 26, 2000
Average O, = 2.27 +/- 0.13%
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Average O, = 1.98 +/- 0.07%
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O, stratification and average O, value wer e affected
by the boiler control settings.

’EI%XF%%J&%XTXEI B IO IS

f= b2 O

o

M) ,
10
12
14
16

0, MIEH (), F44 0, = 2.3%

¢ ) metso
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Higher CO concentration in the economizer gas
outlet duct traced back to theimproper setting of
specific burners

RAIE [ COMRE 7 A [ B T KR e 4% 0 2 <

o 10 zo 30 40 a0 60 70
7 (ft)
BB AT I COBMH LR
-
( ) metso
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Proper adjusting secondary air registerson the
burnersobtained a much more uniform CO profiles

IEAf I 4 — IR R 2 1B e T 3RS B # SJ I CO A

B2 (ft)
RS I COZE L

D metso
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Effect of O, Level on NOx Emissions-after burner

adjusting
PR Ip8 A% % T8 1 2 J5 O % NOXHE B K B 1
052 ~
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Step 3: Parametric Testing/ Creation of Database
HB=0 SRR | EREEE

* Database is needed to create a neural network (NN) model

MM ERVARR . BAERNESE, A ASHE EMRE

- Database relates the effect of boiler operating parameters
(control settings) on emissions and performance.

B B R BRIz T S8 GEHIRGE) X HEBURE RE R RSB 1E A
- Database is built by performing parametric tests.
8 B L I S HOR g

- Performed by varying one parameter at the time and
keeping the remaining parameters fixed.

ZEWAREE — K AR N SHRIFEKSHAR

( ) metso
©FHi[1fk 2005 July 24,2005 P47 automation

Step 3: Parametric Testing/ Creation of Database

F= SN | RS

Input Space (Test Domain)
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Step 4. Correlation of Test Data of Database
HIUP . SRERIAH R

* Data-based model used to correlate boiler control
settings (inputs) and emissions & performance (outputs).
Artificial neural networks (ANNSs) are typically used.

Boiler OP FHHZ M 4% S BREAf #2112 () SHEBOR It g8
%%ﬁo

- NOx =f(O,, Tilt, ...)

- Heat Rate = f(O,, Tilt, ...)

- LOI=1(O,, Tilt, ...)

- Opacity = f(O,, Tilt, ...)

D metso
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Step 5: Determination of Optimal Boiler Control
Settings
BT REBRMIIRPERIRE

* ANN model (created fromtest data) is used in conjunction with
an optimization algorithm to determine optimal solution
(optimal boiler control settings).

M ERERTT ARG, H—MUEREER e T4 B AR 5N 5
AR &R TT R (BRIEKI BRI R E)

* The Nelder Meade Simplex Method is used by the Boiler OP
code. Optimal solution satisfies optimization goal and all
imposed constraints.

Boiler OPKFf¥Nelder-Meades 4k, B TRBHEE T FIARIE
TR &M, Boiler OPEZRIIMAREEEM S, MELERRLS

D metso
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Step 5: Determination of Optimal Boiler Control
Settings
B R mIMHIRY TR E

NOy, Ib/MBtu

7/

Il 0.560-0.580
[ 0.540-0.560
00.520-0.540
00.500-0.520
[ 0.480-0.500
1 0.460-0.480
; | 0.440-0.460

{2

75777 27/

7
7

NOy
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Step 6: I mplementation of Optimal Settings
N SRR BRI T

® Options for implementing optimal boiler control settings:
SETtiBoi ler OPYLE M B A & il LA JLFh i £
- Open-Loop Real-Time Advisory:
* Process data used by Boiler OP Advisory Code
* Provides advice to the operator on the optimal settings.

* Calculates emission and performance penalties for not
operating at optimal settings.

FFFR. JBiE) 773 T Boi ler OPHIE RS v H 4 R MBIER
Rt e RN, URAERMBE TEIT RHBoN
ReARHT

D metso
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Step 6: | mplementation of Optimal Settings
N SEHs MR R e

- Automatic Control:
* Program optimal settings into plant DCS.

* Implement closed-loop trim control for key operating
parameter(s) to deal with daily variations in fuel quality
and maintenance status.

- Provides a cost-effective alternative to a full closed-
loop network control.

HEh#EH 7 2O S FHLA AR TR RN RER e DCSHEHERE, N
TR R R R AIRGE R & FEFORSHZRL, AT RUSEBIXT A (B3
) KBS AR EES (B, SOFA AR FFE)

XA AT LA 2B S B R 4 4 A 2B NOXHE A . AT T4
2825 AR EHIRIE RS MR M g EE, X5 R4t
T—MEFARNBER T E

D metso
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Boiler OP On-Line Open-Loop Advisory Sample
Operator Screen ZELFFERM R 5 R F#AE/E R B (F)

. Boiler OP Pen:

alty Box: SU. Clair Unit 6
= Joi5  Ib/MBw Min NOx [775  Ib/MBlu Taiget SHT FEGT 3750 Deg. F
Op‘“mal Settings [i75  Ib/MBtu Max NOx [770  I/MBtu Tamget RHT FEGT [z750  Deg. F

SHT Fumace RAT Fumace rInterval Setting
Parameters #ﬁellings Bailer S ettings Time Interval
T tatus = opamar ] Actual Status [Minutes]
GROSS UNIT LOAD (Mw) 20 (|70
02 Level (Z) 479 |[4]s9 0K 149 |29 0K |

St
50FA Level 4 Opening (% Open) ‘39,5 H? .0 | 0K =

50FA Level 3 Opening (% Open) ‘24]] Hz .0 | 0K

50FA Level 2 Opening (% Open) 0.0 Il] 0K

X E 0K
EO | | 0K Start
00 (X 0K i

Limits

LT

|
|
i
50FA Level 1 Opening [% Open) W\@D [k |0 Je0 ] K]
UPPER SOFA Tilt Position (%) (T T S R [ T | 0K ]
LOWER SOFA Tilt Position (%) o |Eeo [ Ok R [ 7 | 0K ]
Burner Tilt Angle [Degrees] 50 o [ oK [ |} | 0K |
Top Mill Loading (%) EE TS (250 50 [ 0K |
2nd from Top Mill Loading (%] EE TS (250 50 [ 0K |
3rd from Top Mill Loading (%) EE TS (250 50 [ 0K |
Bottom Mill Loading (%) [25.0 Hg M [ OK | | 2 | 0K |
pow, | et T e b o
Heat Rate Deviation from Dptimy tu/kwh {:ﬂ;ﬁekh:::?gl:fn SOFA tilt position in the 25
SHT FEGT Deviation from T arge! eg. F
RHT FEGT Deviation from Targel [717.9 = F =

a
N

b
Penalty for not operating at Optimal Settings ¢ ) metso

© AL 2005  Juy24,2005 P54 automation




Closed-Loop Trim Control for Key Operating

Parameters
RERIZAT S EL I P A8 B RN 422 L I
NoxJll &8
CEM
A
HFEEE
P
NOX i 5E i IR SOFA FFEE >
T " D |_memmmms | St
il h &%
A
metso
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Boiler OP Result
Boiler OPHEALEE il 45 R
70
O Test Data
50 4 PRI o i
E ol [+
o )
%— 10 0o 9...a
(=]
g o . & R "
10 o L
a0 4 ; : . : ; .
0.24 026 028 0.30 0.32 0.34 0.36 038
NOXHEBEH [Ib/M btu]
B ARNOX ML HFERI M A S
©EH AL 2005  Juy24,2005 P56 ") automation
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Boiler OP Result
Boiler OPIiAL#EHIHI 45 R

35

32 2
30 4
E 25 1
i~ B
[
o 18
=
10 1
5 4
D 4
5& BIEAT
HARHLZANOX JHEE

D metso
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ERC Proactive Approach for Best NOx Performance

PUAGIE il v e I S 4

* Maintain top performance of:
- Firing system
- Milling system
- Instrumentation and controls
RIFMPERGE, BENRS, [CRAEHRSE RIFHTERS

* Perform inspection of combustion hardware during Spring
outage, perform adjustments.
1EHURE I 52 BBIAT BRI pE B & ORI B A T 2

* Perform combustion tuning before start of the Ozone Season.
HEESREERFNFN R BT SRR R 2

® Train operators to respond correctly to maintenance- and fuel quality-
related issues.

BEYIEAT A R A TE R i 5 A3 BB SR 1 3
D metso
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Boiler OP: Conclusion
Boiler OP: 4i

* Combustion optimization is an alternative to expensive combustion
hardware modifications for NO, reduction.
BRIGEEA AR N SR 7 B RORAPR B & 1T 55 B 53 — P UslHENOX B T ¥k

® Can be used in conjunction with hardware modifications to
maximize performance of low-NO, firing and post-combustion
control systems
MUgaR&Bug—RER, FREREREMREE LE RS
PR B BARI .

® A practical and cost-effective procedure and software has been
developed for combustion optimization.

- Based on deep understanding of underlying physics and boiler
operation.

- Combustion tuning is integral part of the ERC approach.
ERCIT A N —Z5 52 F T 2 5 B R G225 AN KA R 52 B AR Y
AL, XRET X AL BB 1T KR Z AR, 48
AR ERCHALTIVER — KR 4y

D metso
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Boiler OP: Conclusion (Continued)
Boiler OP: %58 (4EHT)

© 51131k 2005 July 24,2005 P60

Applied at more than 30 utility boilers:

B2 T30 5] Wi rReRitib.

Tangentially and Wall-fired B] F 31 i #A e fn s et
Size from 80 to 750 MW HLAA R 80 & 750 MW

Fuels: Eastern, Western fuels, including PRB, foreign coals and fuel
blends, co-firing fuel oil, natural gas, blast furnace gas and coke oven
gas.

EHEL: REREE, REEBAHIE, BAKE, Bk, RRS,
PSRN RRE

Achieved NO, reduction levels range in 15 to 35 %

SE it 5 FINOxyaHE Y S8 B 7E 15-35% IVl Y

Implementation Options: Open-Loop Advisory or Automated Control

SEPR 5V FEERRE R 5 SNER B shiEd] (PR
A
( ) metso
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