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ltems To Be Covered

e Boiler Efficiency Improvements

e Auxiliary Equipment Improvements

 Repowering of Existing Boilers

e Optimize Plant Retrofit
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Boiler Efficiency Improvements

Increase Boiler Efficiency — 1/22/14
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Superheater, Reheater & Economizer

e SH & RH Steam Temperatures
 SH Desuperheater

 RH Desuperheater
 Economizer Redesign
 Reduce Sections Draft Losses

« RH Steam Side Pressure Drop (Normally about 30 psi)
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Modified 400 MW Boller

e Installed Short an
Long Front and
Rear Alternating

Pendants

Increase Boiler Efficiency
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Superheat Steam Temperature Increase

PARAMETRIC VARTABLES

1.60 Fuel Cost $/Million BTU
600 enerator Uutput MW

30.00 Capacity Factor Percent

10,200 Assumed Net Unit Heat Rate - Btw/EKWhr

1,005 New SH Steam Temperature - deg.F
935 Present SH Steam Temperature - deg F

-28.00 Btw'kWh Effect on Heat Rate

0.27% Change in Heat Rate

Increase Boiler Efficiency — 1/22/14

Yearly Fuel
$ Savings

$188,375

Calenlations are based on 1280 FPRT
Repaorr CH-d00d an”Hear
Fotelmprovements (hudelines for
Existing Fossil Plants”
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Reheat Steam Temperature Increase

PARAMETRIC VARTABLES

1.60 Fuel Cost $/Million BTU Yearly
600 Generator Output MW $ Savings
830.00 Capacity Factor Percent $21 8,650

10,200 Assumed Net Unit Heat Rate - Btw/EKWhr Caleulations are based on 1950
EPRT Report CH-d05d an”Heat

]-:ll:":I5 New RH Steam TEI‘[I]]EI‘E[U]I‘E - dEg'F FateImprovements Guidelines for
980 Present RH Steam Temperature - deg.F Extsting Fossil Plants”

-32.50 Btw'kWh Effect on Heat Rate

0.32% Change in Heat Rate

Increase Boiler Efficiency — 1/22/14
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Superheat Desuperheater Spray Flow Reduction

PARAMETRIC VARIABLES
1.60 Fuel Cost 3/Million BTU
600 Generator Output MW

30.00 Capacity Factor Percent

10,200 Assumed Net Unit Heat Rate - Btw/K'Whr
0 New Spray Flow - lhs/hr
204,000 Present Spray Flow - Ihs/hr
4,080,000 MMain Steam Flow - lhs/hr

-14.28 Btw/'kWh Effect on Heat Rate

0.14% Change in Heat Rate

Increase Boiler Efficiency — 1/22/14

Yearly Fuel
$ Savings

$96.071

Calenlations ave based on I980
EPRT Report CH-di5d on*Hear
FateImprovements Guidelines
for Existng Fossil Plants®
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Reheat Desuperheater Spray Flow Reduction

PARAMETRIC VARTABLES
1.60 Fuel Cost $/Million BTU
600 Generator Output MW

30.00 Capacity Factor Percent
10,200 Assumed Net Unit Heat Rate - Btw/KWhr
0 New Spray Flow - lhs/hr

188,550 Present Spray Flow - lhs/hr
3,771,000 Cold Reheat Steam Flow - Ths'hr

10200 Binw/KWh Effect on Heat Rate

1.00% Change in Heat Rate

Increase Boiler Efficiency — 1/22/14

Yearly
$ Savings

$686,223

Caleulations are based on 1286 FRRT
Fepoyy Ci-d054 on*Hear
Fatemprovements uidelines for
Existing Fossil Plants”
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Existing 600 MW Boiller

* Replacement Two Bank | | ]
CFS Economizer L -

* Plugging and Fouling j
Were Major Problems f |

e High Draft Loss Limited ==
The Maximum Load ) ﬁ ]

e High Exit Gas Temp

EL. 627'-6"

Increase BO|Ier EfflClency 1/22/14
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Economizer Modifications

e In-Line SFS Economizer
Installed to Reduce

Plugging
* In-Line Arrangement Allows

for Improved
Cleaning/Sootblowing

e Reduced Draft Loss 60%,
no ID fan load limitation

EL. 644—
3" (TYP)
[

EL. 641'—

=

 Maintain or lower
economizer exit gas
temperature, which |
R . .. ECONOMIZER ASSY 'S.
Improves BOIler EffICIency (127 SPIRAL Fu‘w ASSY'S. ON 5\1&0?{3)
by 1%

32'710%" INSIDE PLATES
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Boiler Efficiency Change with Economizer Modifications

PARAMETRIC VARTIABLES
1.60 Fuel Cost $/Mllion BTU
600 Generator Output MW

30.00 Capacity Factor Percent $302,ﬁ{m

3.00 Yearly Fuel Inflation Percent
5 Year Evaluation Period

10,200 Assumed Net Unit Heat Rate - Btw/EWhr

34.50 Ongnal Boiler Efficiency

35.50 New Boiler ]'E:H-ll:iE!Ii_l::F,r Caleulations are based on 1286
EPRT Reporr CH-d508 opn®Hear
Ratenprovements Guidelines

for Existing Fossil Plants”

-119.30 Btn/'kWh Effect on Heat Rate

-1.17% Change in Heat R ate
ncrease Boiler Efficiency — 1/22/
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Auxiliary Equipment

Improvements

Increase Boiler Efficiency — 1/22/14
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Auxiliary Equipment Improvements

37.00%

10.00%

W Stack Clean-Up Equipment

W Auxiliary Power
W Stack Losses

M Electricity Production

M Rejected Heat to Cooling Water or Cooling Towers

45.00%

3.00%
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Auxiliary Equipment Improvements
|

 Force Draft Fans
e Induce Draft Fans
 Primary Air Fans
 Pulverizers

 Boiler Water Circulation Pumps

Increase BO|Ier EfflClency 1/22/14
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Force Draft Fans

 Reduce Air Flow by:

— Decreasing Excess Air

— Reduce Air Preheater Air Leakage
« Reduce Air Side Losses

— Install Turning Vanes

— Redesign Ductwork

— Adjust Windbox Delta Pressure
— Chance Out AH Baskets

epresentation or warranty is given or should be reliet
itis complete or correct or will apply to any particular project. This will dep technical and commercial circumstances. It is provided without
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Induce Draft Fans

« Reduce Gas Flow by:

— Decreasing Excess Air
— Lower Gas Temperature
— Reduce Air Preheater Air Leakage

e Reduce Gas Side Losses

— Install Turning Vanes
— Redesign Ductwork
— Chance Out AH Baskets

epresentation or warranty is given or should be relied on
itis complete or correct or will apply to any particular project. This will dep technical and commercial circumstances. It is provided without
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Primary Air Fans

 Reduce Air Flow by:
— Reducing AH Air Leakage

— Lower Air by taking a Pulverizer Out of Service

e Reduce Air Side Losses

— Install Turning Vanes

— Redesign Ductwork

— Chance Out AH Baskets
— Change Out Coal Piping

epresentation or warranty is given or should be reliet
itis complete or correct or will apply to any particular project. This will dep technical and commercial circumstances. It is provided without
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Pulverizers

e Reduce the Number of Pulverizers in Service

 Change the Coal Being Fired with One that has a
higher Hardgrove Grindability and lower Moisture
Content or Change the Coal Fineness Leaving

* Increase the pulverizer outlet temperature which
raises the air flow through the Air Preheater. The
affect on Boiler Efficiency can increase by up to
0.5%.

 Install More Efficient Motors

© ALSTOM 2013. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on
that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is provided without
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Boiler Water Circulation Pumps
|

e Take one of the of the Boiler Water Circulation
Pumps out of service if permitted by OEM.

— Most Controlled Circulation Boiler were designed
with 4 out of 4 pumps in service at MCR. The OEM
can evaluate the waterwall circulation system to
determine if the unit can operate with 3 out of 4
pumps in service

ly. No representation or warranty is given or should be relied on
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Repowering of Existing Boliler

Increase Boiler Efficiency — 1/22/14
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Hot Windbox Repowering
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Hot Windbox Repowering
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Hot Windbox Repowering

 |f the boiler/turbine cycle normally puts out 200 MWs,
the combustion turbine can only be about 65 MWs in
size. The limitations are the following:

— The combustion turbine exhaust is normally in the 900
degF to 1200 degF.

— Mixed air temperature to the windbox can not exceed
800 degF since the ductwork and windbox are made of
carbon steel.

— The boiler will not be able to achieve full load, so the
total MWs will only increase by 10%.

— Must evaluate |.D, Fans capacity. However, the F.D.
Fans will have lower required duty.

— The improvement in Plant Heat Rate is in the 2% - 3%
range.

© ly. No representation or warranty is given or should be relied on
th: hnical and commercial circumstances. It is provided without
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Cold Windbox Repowering
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Cold Windbox Repowering
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Cold Windbox Repowering

 |f the boiler/turbine cycle normally puts out 200 MWs,
the combustion turbine can only be about 100 MWSs in
size. The limitations are the following:

— The combustion turbine exhaust is normally in the 1000
degF to 1200 degF. This flow will be cooled down to
750 degF by a small HRSG.

— Mixed air temperature to the windbox will be below 750
degF .

— The boiler will not be able to achieve full load, so the
total MWs will only increase by 30%.

— Must evaluate |.D, Fans capacity. However, the F.D.
Fans will have lower required duty.

— The improvement in Plant Heat Rate is in the 4% - 6%
range.

© ly. No representation or warranty is given or should be relied on
th: hnical and commercial circumstances. It is provided without
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Optimize Plant Retrofit

Increase Boiler Efficiency — 1/22/14
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Joint Project Team Review Sessions

« Joint Project Team Review Sessions (JPTR) are an
essential part of the OPR concept unique to Alstom

 Structured to afford the Customer an opportunity to
participate with Alstom specialists in an interactive
engineering design session

* Allow the Customer and Alstom to quickly work through a
number of various options

 JPTR session is followed up by more detailed
thermodynamic work, hardware selection and costing

© ALSTOM 2013. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on
hat it is complete or correct or will apply to any particular project. This will depend on the technical and commercial
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Joint Project Team Design Process

Plant a
Personnel PN
w
Qustomer —~ Boiler
Engineering Qperating Data
Personnel Reaesigned g
Turbine w
& Boller
Alstom Turbine | A~
Bperts ~
~ Turbine
Astom Boller | | Cperating Data
BExperts ~
| Steam Turbine Boiler
' | Computer Model - Qomputer Model | |
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Joint Project Team Design Process

Establish Develop Forward
Galibration Factors Model Runs

Develop
Qperational
/ Physical
Modifications

Develop Final W Yes : No
Material Selections J e

& (Qosts
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JPTDR Boller & Turbine Model Results

Run No. RunType Same as Run 20 | with new Steam Turbine Conditien with RH Finishing on 9.5" centers - platenized & Mew In-Line SFS Econ) but running Steam Turkine at
21 247 0psig Throttle pressure and increase main steam flow and 6 mill in Service
RH RADWALL General Performance Information
Fluid In G08.9 deg. F e = SH Steam Flow 3,835,613 lbahhr
Fluid Out 6483 deg. F ik - RH Steam Flow 3,535221 leshhr
Gas In 271 deg. F i3l SHO Temp 1001.0 °F
SH PANELS | xill "_r_l_J_____ ! SH Desup Spray 0.30 %
Fluid In 714.5 deg. F = [“ E T R ': : RH Dasup Spray 110 %
Fluid Out TRET deg. F '-" Hﬁgliii I SHDesuparheater Spray 11263 lbathr
Gas In 2711 deg. F i [l HEE RHDes uparhester Spray 30359 lbatr
SH PLATEN Eﬂa‘“" LT 1 RHO Temp io0d.0 °F
Fluid In 7862 deg. F - i it RHOESUP OUT TMP &10.0 °F
Fluid Cut BTE.D deg. F Feadwsatar Temp 491.0 °F
=aE In 2338 deg. F Eaon Exit Gas Temp T69.0 °F
SEF 0.87 ‘__'__,__....--? — AH TGO Uncorr 3200 °F
RHI FIMISH | e AH TGO Cor A08.0 "F
Fluid In £49.3 deg. F -_— = JHe-fEi | o Titt -11 degrees
Fluid Out 909.5 deg. F [l Fts Excasa Air 6 %
Gas In 2179 deg. F R Fuel Fired E18,234 |bafhr
SEF 1.01 [ f i Boilar Efficiancy 8545 %
RHO FINISH D MHIFA 2.08 Mbtu/hr-ft2
Fluid In 908.5 deg. F —_
Fluid Cut 10029 deg. F i Steam Turbine Parformance
Gae In 1871 deg. F il Output 571,060 K\Wa
SEF 1 | | - Turbing Haat Rate 2,128 BTUMW-hr
SH FIMISH | I £ “ £l i 5 i s e L g 4 Suparhaatar Outlet Flow 3,835,613 lbahhr
Fluid In BTE.D deg. F LTSH1 VERT B L L Main Steam Temp. 1,000 °F
Fluid Out 1000.6 deg. F Fluid In B97.7 deg. F Fluid In EBO.8 deg. F Fluid In 491.4 deg. F Throttls Pressurs 2,470 peia
Gas In 1709 deg. F Fluid Cut 714.5 deg. F Fluid Cut EO97.T deg. F Fluid Cut E54.3 deg. F Cold RH Flow 2,405,862 lbathr
SEF 116 Gas In 1470 deg. F Gaa In 1379 deg. F Gas In 1284 deg. F Cold RH Pressura 638 paia
SEF 0.84 SEF 085 Gas Out 769 deg. F Cold RH Temp. 833 "F
SEF 0.ea Hat RH Flow 2,531,173 lbathr
Subcooling 206 deg. F Hot RH Pressura 560 paia
Mill Perfo fmance Hot RH Temp. 1.000 °F
JAir In Per Mill | 197,938 |Ibefhr Dutlet Moisture | 15,66 % Reheatar Spray Flow 35212 leahr
COAL FLOVW PER MILL 103, 056 || befhr Hot Air Tempsraturs Reguired SEO.EI°F Main Condensar Pressurse 1.8 paeia
MO, MILLS IN SERVICE g 0F & TEMPERING AIR TEMF. B2I°F
Grinding Capacity | T9.1]% [AVAILABLE HOT AIR TEMP. a1 |"F
MXTURE TEMPERATURE Hﬁl“F | | |
Increase Boiler Efficiency — 1/22/14
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OPR Example

HP/ IP turbine retrofit ~ 5% MW
improvement

Division panel redesign reduced tube
failures, improved gas flow distribution

Larger economizer, wider gas path,
improved heat rate, A P\, Fan HPJ

Economizer Exit gas temp Precip.
efficiency T

Improve boiler cleanliness w/ water
cannons

Improved access for maintenance

Replaced AH - 48 vs. 408 baskets,
. Gasside AP, Fan HP {

Total Net Unit O utput Increase

24-27TMW

> 15-18MW

40- 45MW

Increase Boiler Efficiency
ervec 1C |
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Increase Boiler Efficiency — 1/22/14
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Tangential Firing System

e Flame Pattern of
Tangential Firing
System

© ALSTOM 2013. All rights reserved. Information contained in this document is indicative only. No representation o rranty is given or should be relied on
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Superheater & Reheater Components

N . |
Boiler Efficiency Effects on Heat Rate

PARAMETRIC VARTABLES

1.60 Fuel Cost $/Million BTU Yearly Fuel
600 Generator Clutput MW $ Savings
80.00 Capacity Factor Percent ($61 a1 ﬂ)

10,200 Assumed Net Unit Heat Rate - Btu/KWhr Caleulations are based on 1950
EPRT Repoyr C5-400d on”Heat

§9.33 Present Boiler Efﬁl:lEl'll:‘_F Fatemprovements Guidelines for
39.25 New Boiler Efficiency Fuisting Fossil Plants”

2.14 Bin'kKWh Effect on Heat Rate

-0.09%p Change in Heat Rate

Increase Boiler Efficiency — 1/22/14
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