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Pegasus Technologies

Headquarters in Ohio, USA BEpik FEEBZBM

Globally established tt 5 & 18 5 2 S H1#4
— North America b

— Asia M

— Europe BRIMH

Experienced Staff for Power Market HF EB HTIL LB AR
¢ BX,

— Engineers: Combustion, Advanced Controls, I T ¥% Ti&IF ,
EHEBETREM , TEIN IR

m
"

Confidential and Proprietary Information



Power Generating Unit
A B4

* Complex System, Consists of many sub-
system R&EHEx, GFESNFRE
» Air/Fuel/Gas RE/R#K
« Steam Cycle #&5#&HF
« BOP

* Hundreds of pieces of Equipment make up
these systems X&ERZMASREASTR
m
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Current DCS System
= BIDCSEF REIR

» Efficiently Control the Unit Axutisimna

* Doing Good 1n Managing Safety Interlocks

and Operating Sequence x4 R RETIRFE R
FNEE

* Based mainly on Feedback Controls gzuPiD
IR R 22 1 o

 Inherently Single Input/Single Output &£
rE—RWAR—fH
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Keeping Unit at Optimal Condition

Is a Complex Task
EFNEARNZERRICNIRAR— I EXRNES

* Coupling Among Various Parameters
TS BIERX

e Unmeasured Disturbances #xng#FiHig
 Transients RAEENHAIE
 Nonlinearities Z4ny3Es 14
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Combustion Dynamics s#ssgse

The Complex Relationships of Multiple Variables That Are Continuously Changing ..
Dramatically Impact Combustion E#RZTHIXRFTHELL... ZH e 2 7 ave

Superheat and Reheat Temp.  Different Operators

SRANBRERE FRNETAR
Furnace DP Instrungc(nﬁ@fgﬁg; / Drift
WA E | EEsamE
\ Equipment Conditions
SA Temp. and Flow — / RERR
ZXRRENRE . Weathef F = =R
Flue Gas NOX -
K&y Humidity ;2E
PA Temp and Flow / \Quahty/Type of Coal
ZXRRENRE IR R E/FPR
Excess O2 Atmospheric Conditions
U] RERR
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Burner Tilts (T-Fired)
PEGASUS RRR[ZATBTTHE)
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Multiple Objectives smas

Combustion is Continuously Optimized Based On Changing

Plant Conditions and your Unit Specific Operation Objectives...
R R B FI Az TIRER Mg NIRRT AL EE. ..

NOx &g

Heat Rate ##
Capacity &#&#¢

Opacity &

LOI ¥xen

Steam Temperatures

AE

7

31 s e ey, 7,

Objectives can be weighted for different seasonal operations.
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Zone 91X 1 Zone 91X 2 Zone X 3

Combustible
A RV A

High &

Excess Air 38X
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Power Plant Process - Example
LTERRHF

The following are NOx and CO responses with respect to each of the SOFA Dampers at

a specific Windbox/Furnace DP. A FRE{LYH —| i T o EX T MR IR TR EXE/FRE
ETHxR.

Qutput vs. % (LOG_CO_MAVG) Qutput vs. % (NOx_Ib_mmBtu)

-1 BOT_S_DMPR_DMD
.| MID_S_DMPR_DMD
- TOP_S_DMPR_DMD

. BOT_S_DMPR_DMD
- MID_S_DMPR_DMD
: © TOP_S_DMPR_DMD

Percent Percent

PEGASUS
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Pegasus Combustion Optimization

Technology
Pegasus R LR

Specially Designed to Optimize
Power Plants
BalhEl ;AL miRiT
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Intelligent systems can be utilized to control the plant for

BRERGEAHATHR] URFLLTHH

« Reduced Coal Consumption 2> $R K #

« Reduced Environmental Emissions (NOx, SO2, CO2) Jg/ > ¥R BE
% (NOx, SO2, CO2)

« Ash (C content, heat absorption, slag, fouling) JRER 2 (SR ,
R, 5& , ER)

» Fuel (quality, blending) R #2H (RE, RBE
« Reduction of Equipment Failures / Unplanned QOutages

AR ZFWERIETHRIEN
« Sootblower (sequencing, optimization) "k (&%, {£14b)

Optimum Benefit through Closed-Loop Operationi@id F ¥1% &iI B
B AW
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AE3 Boiler Optimization
AE3 RIFILILREE

Steady State Optimizer Nonlinear MPC

High Fidelity Neural
Net Steady State
Models

Adaptive Nonlinear
Dynamic Models

Powerful Optimization Model Predictive
Algorithms Control Algorithm

Control Commands to DCS
RILRE R HB S

Unit Information
4A =R 4R

PEGASUS
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Neural Networks fH£2 B £&

Main Features of Neural Net :f#2MEFER S -

« Very Powerful Universal Approximating Modeling Tool
BANMEANRE NEEEETIR
« Strong Abilities to Capture Non-Linear Relationships

KRB B A FE Lk 1 B iE AR RE

F to Model Complex (multi-dimensional) relationships

ERTERUMEER (14 , &) B 8% (24 , FLHRE

m
"

Confidential and Proprietary Information



Artificial Neural Networks wzm%

Hidden Layers

COMnections

o

e
.

Input Layer Qutput Layer
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Model Predictive Control &34k &9 3t 32 41

Use first step of horizon —
HFE—LHITRE -~ > [— A—

MV measured value

HETEXNE

- MV prediction %3 BN

MV set point /
RETERNEEE ,/

¢V1 measured value 228 1 U ) Perfecter optimizes future trajectories

\ S using an internal models
' \\\ Perfecter BR#E A S EH R 1LRI T 9148
—\\? \\\A
N m—— CV1 prediction #4125 & 170
current time indicator '\
GiRtEE R 00 T~=-_ \
SHAET B ' CV1 desired value #2$IZE 2 1ML E
\\4 CV2 prediction &2 27N

CV2 Upper Fuzzy Limit _—
P22 3 BMOAIHECHA_E[R l\f‘/

W
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Combustion Optimization Challenge
RIZILCRIBEEY

« To achieve the optimal combustion model - the system
manages and analyzes up to 1500 or more inputs iz =4tk
HREEDR - RELEBNSTZE—TFTEESIMTRAAR

« The system accurately models the complex
Interrelationships among 5-60 controllable parameters
BRBEERZEATMIEATRNERXRER

« Optimization occurs within constraints of the operating
environment {4t it B4 ETREAR

« The system responds to changing environmental and

operational conditions R&XETHEMIREZROR TR
= B

m
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Pegasus Solution for Dynamic Optimization
Pegasus IRTEMLILRE

* Pegasus’s Proven Dynamic Systems
Pegasus AL 3 ¥ % KRR R A KT -
o Model are developed for optimization at various loads and conditions
BVEREERELA TSR FTHRELICES
o Model Predictive Control technology to control the unit at optimal condition
on a continuous bases & A T4 1L 122 5l By 2 R R UEBRIR £ R ALRR

o System will learn and adapt to new conditions and find new solutions for
optimized results RE2BRBELUENMILA TRETIL

o Global optimization for improved control of operating conditions
RESIREBENBRAR] , MARBETRFMLIER

Note: Retraining still required for Major control or boiler modifications

E: #EAEHHRFERE RENEBTHI
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Pegasus Closed-L.oop mxzsi

Up to 1500 Current Inputs From DCS

Continuously Collected and Analyzed
NEX—THANTERENANAAR FEEREND T

b\\\\\\\\\\\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\\\\\

Peoasus 5-60 Manipulated Output Settings Sent
& To DCS on Fixed Interval
Computer BRER, T EA+MESIE BADCS

i F\.l , T A
SEE T T -
T RN KU N i

L] - = ma———

P TFFFTTFFTFFTTFFT,

SIS i Oy
: SRl S S
T s "--1' E%-&l_}‘l I

Control Room DCS

| Operatorn BRI R A Field Sensors and Drives
— RE=TEAR 47 & BRI 28
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Systems Integration
AL KRG8 T 5 DCSHEHI E 3% AY Bk:

ikt

Feedforward
or
Error
Signal
Operator Bias
or
DCS Fixed Bias
Operator Setpoint/Demand
or
DCS Fixed Setpoint/Demand
f(x) ° 50 Power Perfecter
o O I
or T < Bias
PID SWITCH
o©%o
o T o |4 Powe_r Perfecter
Setpoint/Demand
SWITCH
SUMMER
PID Setpoint
(or Demand)
Bias
+
PID Setpoint

(or Demand)

A
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Examplel- Xibaipo Unit #3
BIE 1 - EHUR3SHLA
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Unit Information #4%#

* 300MW 30FTERAER

* Front and Rear Wall Fired #i/ai%3s 4R 5e
 Indirectly Fired & #XBRIEH RS

* Compartmentrized Windbox %=X X

« WDPF DCS FBEDCS#EHIRE

m
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Boiler Configuration siras

Rear Upper Windbox

Rear Middle Windbox

Rear Bottom Windbox

Furnace

Front Upper Windbox

Front Middle Windbox

Front Bottom Windbox

FD Fan A
" @
Air
Preheater
Iy
SA
Pressure
Air
Freheater
:

FD Fan B
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Mill Configuration mssazs
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PEGASUS

T E & CHRe D

Manipulated Variables &z &

A A

1 FD Fan Bias

2 2" Air Pressure Bias

3 FU 2nd Air Damper Bias
4 FM 2nd Air Damper Bias
5 FD 2d Air Damper Bias
6 BU 2nd Air Damper Bias
7 BM 2nd Air Damper Bias
8 BD 2nd Air Damper Bias
9 PA Pressure Bias

10 PA Fan Bias

11 Pri SH Temp SP A Bias
12 Pri SH Temp SP B Bias
13 2" Stage SHT SP A Bias
14 2"d Stage SHT SP B Bias
15 RH Temp SP A Bias

16 RH Temp SP B Bias

Confidential and Proprietary Information



Controlled Variables 41z 2

1 | Nox 13 | PA_AMP_DIF
2|1 02A 14 | Pr_Spry_A
3(102_B 15| Pr_Spry_B
4 | Total SA_Air 16 | SH_Spry_ A
5| FU_FAR 17 | SH_Spry_B
6 | FM_FAR 18 | RH_Spry_A
7 | FD_FAR 19 | RH_Spry_B
8 | BU_FAR 20 | FD__Dmd
9 | BM_FAR 21 | ID_ Dmd
10 | BD_FAR 22 | FD__Amps
11 | O2_DIF 23 | ID__Amps
12 | FD_AMP_DIF 24 | Perfindex

PEGASUS

LR - i G R S
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Pegasus Interface Design
Epcs#nikit

Ethernet
qﬂp Twisted Pair Black Box
Base-2 to
Base-T

Pegasus SUN Converter

Ethernet <— 5t Cable —u| Ethernet LAN( DCS Info Highway)
TCP/IP |
LANTROMIX
Terminal Server

— WEStation
Plant MIS
) Compular DROP 160
RS232 i

WDPF Data Highway

Pegasus Interface Design With Xibaipo Unit #3 DCS

A
PEGASUS
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Data Link #ig@a

Communication Link

Pegasus Data Server

¢

$

Models and
Optimization
System

Perfindex [«

WDPF Il
Point
Database

Pegasus Sun Wrokstation

WEStation DROP 160

WEStation Opr Station
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Optimal Controller - Data Flow Diagram
LLRHRE - BEREH

Xibaipo3
192.9.200.221

Optimal Controller GUI

Porfindex Ok 7001 - T SA_Calc (RAE)
SA_CaI.q__O'};..

Perfindex (RAE)
Input (RAE) .
A\ A
Input_Ok Do Perfindex (EXE)
Lo Datalogger (EXE) =E
o !
=l
EY
|8
: Datalogger (EXE) > E
\Al
Output (RAE) Watchdog (RAE) Datalogger (RAE)

I *

Regular Data
PDI_WES
7000 e Watchdog Data

/A — Internal Data Flow
PEGASUS
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DROP 160
192.9.200.160
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Pegasus Optimal Controller - GUI
AR ERSE - TRIMERAE

Process Perfecter ((

File Configure Commission Options Help
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Boiler Combustion Optimization System - GUI
RIFRELLRE E2TEREAE

13-Apr- ZUQ‘

Xiba ipo Unit#3
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NOx Comparison
Lt e BEL W EEB

NOx Comparison
- Xibaipo #3 Before vs After Optimization

700
O 600 |
N
~
)
N
<
£
o 400 -
c
% Averaged NOx Before Optimization
g 300 + Avergaed NOx after Optimization
pd

200 T T T T T I

200 220 240 260 280 300 320
Load (MW)
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Perfindex Comparison
RACF S RRERLR

Perflndex Comparison
- Xibaipo #3 Before vs After Optimization
1000

900 -

800 -
o) 700 A
2 ’ ‘
5 600 -

500 Averaged Perfindex Before Optimization| |

+ Avergae Perfindex after Optimization
400 A
300 l T T T T T
200 220 240 260 280 300 320
Load (MW)

PEGASUS
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Improvements

LAL B
NOX improvement 10.5%
Sy
Heatrate improvement 0.63% to 0.95%
o bi i
Perfindex improvement 0.79%
MR EIR R

—30
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Questions?
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