MCILVAIN
WEDNESDAY, NOVEMBER 8, 2017




Generational Turnover in Equipment and Staff

Impact of Renewables & Changing Costs,
Demand & Regulations

Varible

Units designed for baselc
Growing pressure to reduce emissions affect operations
@
U.S. Energy Information Association (EIA), 2016






* Turbine

* Thermal performance monitoring
* Sliding pressure throttle control
@
* Balance of Plant
/ * Cooling tower, condenser, outlet water temperature, etc.



compliance strategy

* Boilers burning o allenges and opportunities

* Large wave of conversions from coal to natural gas in early phase
O
/ * QOutcome will be affected by both regulation and natural gas proces




‘/Deploys ntec , heural

networks, heuristics, first principals — to best
address complex, real world problems in closed

loop




Plant Y

Benefit Type Umit 1
Avallabilicy (W /Avoided MATS Lost Revenue) $811,286
Fuel Savings $567,148
NOx Reduction Value $26,254
Avoided MATS Inspection/Tuning/Testing Costs $86,667
Total Availability, Fuel, Nox & MATS Benefils %£1,491,355
Potential CO2 Benefits $357,500

Total Potential Benefits

b1, 848855




® Better ad

® Improved situational awareness and process insight
@
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Boiler Efficiency




SAME UNIT 1 FIVE YEARS LATER (1/1/05)

sl el

wree - = amh | T A Seen
[nomsTenan <] | 4| v jwein| 8|00 o5

[Bcbw Edcmncy MO« | €0 | FleGai 02] ManOtsectves | 0200 | Sec 20 D8 | Sum of A s Biases | GrossMw | O2SetPort | 02 TemBas | FOFanBiae | IDFanBias| ©OFan « |+

=
s 2 3 z Z z 5 2 :
= * 3 - -§ -~ - P~ =
ass
3
8as s
.
.
eset \ \ |\ /WAL v i N W |
8as2 o d : L
- = T ) 4 ~ - . ot
. . T AT AV A Y o
| » - " %
1 | A ) - H p
. b _,’J -
7§ 1 cm— — — — ~m—— —— —
.
54 51
r - E—
ss el
S—— Boter Eticiency (85 08%1%) — ey EITCstey( 24 tea Avg) (34 SN4YS5) — FOFAMBIAS (V-2VS 1.1) (t a7T28)
—— O2Z TRM ERAS. (D 495529) DFANBAS (1.2VE19%) ja82aTTS) —— PLUARNACE PRESSIRE (DRAFT) S (O 439T711)
TAMEL AL DO BRAS -2 200073) L-2VELL ALZE DN BRAS. (7T 200232 T-IVELL ALIN DAS® ERAS. (O SO0 G2 )
1 AMELL ALDK DO ERAS {6 DOD244) T MRL RATING BBAS (SO 2V 6TREC2) ——— T-Z2MALL RATING BRAS (20S18S5'E0w)
T-I ML RATNNG IRAS (-6 199953 T A NEL FATING INAS (30SI18ST1E.O4) ML 1. QLASSIER DAY TEMS 55 (150 0065 )
MEL 1.2 OLASSEEN BT TN 52 (1689 90 ML 7.0 CLASSIEN EXGT TEMNS SP (140 3771) . MELL T4 CLASIEENR AT TEWS 55 (150 0088 )
Oumnce Yoo 1 E2005 6 04 20 Pw

E‘j &oo-.M] FLEn‘bJ cn-u.s-ua-.] “IMI m“”‘](‘_’é‘_‘i“_‘!} 021—&-] FD'-\.-J I)FU\D-I D'm’bcl 'MMJOJ MA-M] Fusl | » )

Trend Seaﬂ.rl hﬁodell S‘rnuldor[ Sonsiivityl Advisocyl Sn.lbool Turbine Ttond_' Turbine SM.rl

s Start T < . “ e ol S 5 5



Frequency (%)

30%
25%
20%
15%
10%

5%

0%

Average Exit Gas Temp

PL & O2 ON

—— PL & O2 ON
—— PL OFF

Average Exit Gas Temp




Al FoxView AW2002:AW2002 — soot_blwr =

File Config Disp Daz Trends Lab Tech tune Ash sootb Op_Trends Tech_Trends Sfthnt Applic Help

Systen | - /[ 04-14-03 09:28 AM

I Soot Opt Permissives I .- ‘ | Sootblowers ||

Waltch Dog Timer OK

S | RIGHT

Soot Opt Master

- |

Prev Disp

kMain Menu

All Sejusnces S

Change Env

FoxSelect

LMCC

Gen Master

Sta Power

Turb Master

Last Rgst
Blr Master P

| |
| |
| |
| |
| |
| |
| |
| |
| |
(el
| |
| |
| |
| |
| 1
| |
| |
|

—0.00 amps

ﬁ?!?q?

R17 | IS II |F|15| |F|14| IFI13 l 1R12 | LH”H’”‘EJ

\;rwrhhﬁﬁf S e e
- REAR

LOCK
R | oUT UNLOCK START
NOTES | ! |

J /opﬁ/aootb/soot_biur.FdF TZ_Eng bueriag:O

[NUMBER OF IR BLOWERS 3 |

Drum Lewvel

Soot Bhar

Cems Trend

Aux Air

N

Silence Horns |




(Y]

Trend Tolk2

— Gross MWW A (549.8992)  STACK NOx (0) — STACK CO (51.305)
L 0.25
| .
S40.00 — L L T OO L A N O | S
510,00 : B
. 11 1
: NOx - 0.22
450.00 | : | | | 0.2
450.00 - ! ' - 020
|1 || SRE
420.00 -
- l |]|'| T\k‘ | i rl'rll'l_ =
= | 1Ll
390,00 I | . -l.“q / |Foaz
| |
360.00 - ‘.Jl PU L
L]
lm' - 015
330.00 - Y
014
300.00 - | 543
270.00 - Az
240.00 Bl
040
210.00 - L
150.00 - - 0.0S
150.00 — B
0.06
120.00 - I .
Q0,00 \ q“\ |' ' 0.04
£0.00 r l || | 2
0.0z
30.00 o
0.00 : : : ' ooo
41 45201 1 S156201 1 Srzar201 1 B2 1 BI2E201 1 TH 321
255 P 5:08 P B:53 A B:41 A 4:34 P -2 Pl

(nigsa))

1,500.00
1 ,400.00
1,300.00
1,200.00
1,100.00
1,000.00
Q00 .00

g00.00

==

=

=

70000~
GO0 .00
S00.00
400 .00
00,00

200.00

100.00

0.00




Trend TolkZ
—— Gross MW A (549.992)  RH Temp East (997.976] — RH Temp YWest (967.615)
1,020.00
T T NPtV e 11 ' e o Tt T Tt ' I Y e 8 i A T T i U ' I U e U
: ~ 1,010.00
510.00 -
STEAM TEMPERAT
el ! — 1,000.00
450.00 - {_ L
420.00 - !
Ml ~ 9z0.00
590.00 - | l
N
IE0.00 - 1 -  970.00
330.00 - L
g\ J00.00 - =
~ g9s000,E
= 27000 =
240.00 — . - 940.00
|
_ 1
210.00 | L
1
150.00 - :
i -~ az0.00
150.00 - :
1
120.00 - i ~ 91000
1
1
90.00 i
i ~ 90000
1
60.00 i
: ~ 9000
30.00 - i
1
0.00 : : — : Sa0.00
a1 4201 1 5432011 51232011 B0 1 BIZEI207 1 FA320M1
255 Phi 5:05 P 6:53 A B4 Ahd 4:34 P - Z3 P




(M)

— Gross MWW A (550,043

Trend Tolk2

Advanced Heat Loss Index Advanced MeuCo_Index (1401.861)

[ 1 50000
40 00 YT VATV T YT T UYL BB e h B B R A R et T A LA i it R A e et VA M A
- 1 ,580.00
HEAT LOSS INDEX
o i - 1 ,560.00
s = 1
] L
450.00 - ; - 1,540.00
1
i |
el ! 1 52000
390.00 - :
I - 1 ,500.00
3E0.00 - :
I - 1 480.00
330.00 - :
|
300.00 - : - 1 460.00
|
= ! - 1,440.00
|
24000 - I
: -1 420.00
210.00 - I
|
I - 1 400.00
180.00 - :
150.00 - : - 1 ,530.00
|
_ |
120.00 : 1 360.00
Q.00 - :
I - 1,340.00
G000 - :
. : - 1 320.00
: |
|
0.00 , : , : 1,300.00
41 452011 54362011 Si232011 £/2/2011 BI2E2011 TH3IAMA
315 PM 4:02 PM 10:06 A0 701 A 4:53 PM 1055 PO

(W, an0)mg)




Tii ProcessLink Studio - CPS JTD 1 - New - Superuser Role'.neuco

Projects Edit Wiets Mernory Windows Solution Faworites Data Set Goko

& - A SRR = ge - B ﬂ 4| 4 I bI )I }lI ID1.-’12;-'2D‘|2‘I1:2D.-’-‘-.M vI |D1£1E.-’2D1211:2D.~'—‘-.M vI ﬁlﬁlda}ls vI |D1£1E.-’2D1211:2D.~'—‘-.M vI
IS I S 1 - =
(i F\.nalysis| §2d Soohbopt ActuationService Categorized Resullsl d4 B o=
|1 week vI ﬂ 4 I 4 I 3 I )I }|I|11.-"D2.-"2D'I1 02:42:13 A = I? days vI ﬂ 4 I 4 I 3 I )I }|I|‘|2.-’31.-"2D'I1 10:36:50 A =
| TrendiScatter (Opth | Tahble (Opth | FoneTsS (Opth | | TrendsrScatter (Opt) | Table (Opt) | FoneTsS Takble (Opt) |
| Sross ki | HRH Temp East | HRH Temp wWest | =H Temp East | SH Temp west | | Sross ki | HRH Temp East | HRH Temp wWest | =H Temp East | SH Temp West |
| BackPass ZoneTimesince R | | BackPaszs ZoneTimesince R |
| Bloiler Efficiency | PO | Furnace ZoneTimeSince | BackPas=s FoneTimeSince L | | Boiler Efficiency | [ L34 | Furnace FoneTimeSince | BackPas=s FoneTimeSince L |
| SCRInlet Temp & | SCRinlet Temp B g | RH Spray Flow | SH Spray Flow: | SCRinlet Temp & | ScRinlet Temp B [ RH Spray Flow | SH Spray Flow:
1 - “ariabletap . AH Gas Inlet Temp - “ariabledap AH Gas Inlet Temp
- B0.0%% EO.0%:
J— S0.0% — S0.0% -
>
I >I 40.0%% 40.0%
L
= 30.0% - 30.0% -
[
t
t
< 20.0% - 20.0% -
<
:
] 10.0% - 10.0% -
F
3
£ 0.0% T T T s — 1 1 T 1 1 1 1 1 ' 1 1 1 " " T T 0.0%: T T T T 1 T 1 1 1 1 1 1 1 1 ' 1 1 T T T T T
| S = = ko E s s s s 5 w8 @ &oE 8 8 o s s w S = = = o E B s s s 5w s e & oE 8 8 o s s w
te = te =
£ L] L]
E = =
ol ol
L] L]
[} [}
T T
= =

Proprietary and Confidential



ey

T

/.-d.'
U
> L

® Tighte

® Better Manage

%



) Comndomntiorign

[ oe s v -] q:_’il.‘ — ’ ' -_.__I e
Mot | e mOC | [ROR 0w Mawe SO b WO« (Bt | SON 00 | SO0 HHD Tioww M | S Corn €8 ookl | SO0 E0 Mambbain) | SO0 EF umBin | SN biet Comos | CEMD NOw som | CEMS WOw Bty | CEMS Do o | 4 |

BOR VB PR Mo () e AN B [ Ot L g 10 D1 0mis S P ess Crm L g 100
}OFA M Now S, N 10 FOFARM A POw St e ) TUFALID P O8I Mo V) VOFA RN Pow OOV M (')

L OFALND Forw Ol S, Agw 1V5) EFm A ret Wiy Dol N Age (27000 EFan 1 it Wi\ Agw 1227700 EFan 10 romt Viv Dol I\ Age () TN
WA s ot e i A LD FOF AT W lmdiy 2o 12 0) FOFm AR vt Y lma . e 112 %) FOFmAC vt vl N Agm (25%)

V1 AVOLF SRCAM IRAS 1) UL AVOALF PO AL 1Y) N AYOLF A Al () US ANVO P PO AL (V)

U1 AVO L PAN [BAL (1) W AVD L SCAR AL 1Y) A AVD LN FOM AL V) U AV LN YA S 11

ULAVOLN SECAR DAY LY WAV U NN DAY e A AYD LU Al S (1N W AVOIUN MECAR DAY 1)

TR AAMETNGE LAl

SCAUN favaban/iel | SO K8 pomAoe)| COMS WOw Auata| 02 Posbos $48 | O3 Poabes| OFAng | Boes 04 Loseas | Bk €21/ | Wou Pto | Adiiae 1] Adbhon | Mot Encils || A8 Sraon oot Al Enchins oo o | o

Services | Tasks | Trend Model| Scatier| Sensitvity| Model SIdErr| Surlace | Adwisory| Simulator| ModelQuality | Report| Error Log |




mes !E[
1 ImpaCt on N H3 Usage on  Favaorites  Data Set Help

CRACRE R R TR K K ) T e P e e I N x| |o2meszo08 04:43PM x)
MWL = = == | -

Benchmarking (Ul}| Eenchmarking (U2} | Benchmarking (U3} | d B X

365 days ~| | 4] <] »| »| MI|[o2v0erz008 044339PM ] 365 days ~| | 4] <] o | »| Ml|[o2rerz008 04az39PM <]

Scatter | Means (Table) | Model Means (Takie) LR 00 Scatter | Means (Table) | Model heans (Table) | LIE0 T
a1 ]

Primary: [NH3DVs] [ 7] Ovelay: [empty 7| Rduie: [GROSS GENERATIO +| Pimary: [NH3DVs] (v Overlay: [empty v| s [GROSS GENERATID v

fuLody fem) Gurdaewnouag Q | h’l | Burg4og, Un|os @ | B |

B (Modal) Total SCR AMMONIA FL fi0's) (Ch Predictad B (Model) Total SCR AMMORNIA FL fDV's) (C). Predicted
600.00 600.00
570,00 - 570.00 -
540,00 - £40.00 -
£10.00 - 510.00 -
450.00 - 450.00 -
| 450,00 - 450,00 -
42000 - 420,00 -
390,00 - 390,00 -
360.00 - 360.00 -
330.00 - ] 330.00 -
30000 - 300.00 -
58000 59000 BO0OD 61000 62000 63000 64000 650.00 58000 59000 000D 61000 62000 63000 64000 850.00
GROSS GENERATION ~ " GROSS GENERATION
R ket b s/ [ WAThOREopy, 300A e/

Ready | [Ln1 Col 0 ChO Y



> 01533 8 =] E3

PRCLINK FUEL UNIT AIRS/GAS STEAM WATER ELEC ASH/BGHSE MISC TRENDS TURBINE Utilities ULTRAMAX Operations Displays i
465812 161721 24 2527283065899 5 A

FRIDRAY OCT OB.2000 10:42:21 Ul PROCESSLINK OVR & COMMOM

ProcessLink Status Proc®ssl ink™

OUTLET
SEC RIR TEMP BENR 1 ENR 2

MASTER

[M MASTER ENABLE

NOx -3#-MBTU
cCOo -2 PPM

OXYGEN o
OPACITY -9

UNIT MW .BMU
THROT PRS 1873 . PSIG
SH TEMP 1010. DEG F
RH TEMP 1005. DEG F
FUEL FLOUW a4.93

AIR FLOU 94.4%

FURN PRS —-0.B6IN H20
EXIT TEMP H2122. DEG F
BGHSE DP AH 2.5 INUWC
BGHSE DP B 6.4 INWC

S

+10 '\p,  p.az

PL 0.00%*

ACT O0.00:3 I I I 0O [ACT 0.6
0. 00*% —10 aorP 0.6%

9x BOUT B3-9x AOUT ~~7.5:> BOUT

SHF PULY B PULY F
PULY E PULY C PULY G

W el 10:44 P

/ il Start| 7 Composer - [Spstem Archit.. | S Exceed E.J Telnet - 10.51.3.33 | 01533 8



Exogenous & Manipulated Process Process Cost
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