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Low Cost Capital APC Solutions and
O&M Cost
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Corporate

The Shaw Group Inc.® is a leading global provider of engineering, construction,
technology, fabrication, remediation and support services for clients in the energy,

chemicals, environmental, infrastructure and emergency response industries.

*Headquarters: Baton Rouge, LA T

, . FORTUNE

Stock Ticker: NYSE: SHAW TOPLARGEST —
Number of employees: 27,000 _ - 500 USFIRMS
*FY 2010 Revenues: $7 billion — ﬁ,;a #309
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Operating Segments
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(formerly Fossil, (formerly Maintenance) Energy & Chemicals
Renewables & Nuclear)
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Worldwide Locations

131 U.S. Locations
19 International Locations
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ENR’s No. 1 Power Design Firm

e No. 1in Power
— No. 1 in Fossil Fuels
— No. 1 in Nuclear

ENROS
. TOP 500 FIRM

DESIGN FIRM
' THE SHAW GROUP, INC. #6

#1 IN POWER

ENRO09
TOP 500 FIRH

DESIGN FIRM
THE SHAW GROUP INC. #6

#1 IN POWER

DESIGN FIRM
| THE SHAW GROUP INC2#10 g

#1 IN FOWER
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Lime SDA & FF

International Projects:

Shaw FGD Projects

Castle Peak B 1-4 (Hong Kong)
Limestone/ Gypsum FGD

RWE Tilbury & Blyth
LSFO/Gypsum FGD

Salem
Studies

Centralia
Limestone/Gypsum

Wyodak 1
Lime SDA & ESP

Naugton
Studies

Thousand Springs 1
Lime SDA&F
Prelim. Engineering

Pawnee 2
Limestone/Gypsum
Preliminary Engineering

EPRI.
Maint. Manual

North Valmy
Lime SDA & FF

Cherokee 4,
LIMB

Navajo 1-3
Limestone

Healy CCP

Abercrombie

Sodium (Wet)
Lovett Units 4&5 Lingan 3&4
Lime SDA & FF FGD Studies
Prelim. Eng. Brayton Point 1&2
Wilmarth 1, 2 Nﬁ;;‘;g:gz\/g;i? Occidental Lime/PAC SDA W/FF for
Lime Y Lime SDA & FF SO, & Hg Control
Riverside 6, 7 Red Wing 1, 2 _ Edgewater Dunkirk 1-4 BrDagltondIT:(::int :
Lime Injection Activated Recycle FGD T and't )
. ’ Engineering Services
Mountaineer inal Uni PAC with FF / _
Limestone/Gypsum CLa_rdlna Units 1 & 2 7 Canal Units 1&2
imestone/Gypsum . . Lime SDA & FF Study

Arapahoe CCP  comanche 3 \
Sodium DSI Lime SDA w/FF T
Southeast Joppa 1-6
Lime SDA & F Studies i
. A& | Patriot 1,2 ()
Preliminary Engineering Petersburg 1& Limestone

Keystone Units 1&2
Limestone/Gypsum FGD
Montour Units 1 & 2
Limestone/Gypsum

Hudson Unit 2 Engineering
Lime/PAC SDA with FF
Mercer 1&2

Lime/PAC SDA with FF

Brunner Island Unit 1, 2, 3
LSFO/gypsum FGD

Indian River 3&4 Prelim. Eng.
Lime/PAC/DFGD with BH

Homer City 1 & 2
Phase | FGD Prelim. Eng.

Brandon Shores Units 1&2
Phase I/Il FGD Prelim. Eng.
Mirant FGD

Morgantown, Chalk Point,
and Dickerson
Limestone/Gypsum

Yorktown
Limestone

Rush Island 1&2 Limestone/Gypsum Eng. Chesterfield 6
i Petersburg 4 Limestone/Gypsum
Studies (CDS, SDA, WFGD) Limestone/gSS X Mf:lntosh 3 _ yp!
/ Limestone/ Air Force No. 85
J.W. Turk 1 Gypsum Cliffside 5&6 Lime SDA & FF
Lime SDA w/FF Madison 3 Widows Creek 8 SDA W/FF & LSFO — U6 Marshall, Belews Creek
Electrical and Foundations Lime CDS & EF Limestone Upgrade LSFO - U5 Allen, and Cliffside
Big Cajun 4 Big Bend 3. 4 Virginia City Limestone/Gypsum
Malakoff 1, 2 LSFO FGD L e unsum Hybrid Energy Center
Limestone Big Cajun Il 1&3 P Lime CDS & FF
Eng. SDA/FF/PAC

Wet FGD Projects in Black
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SCR/Nitrogen Oxide

Lamktan Stoffen

Lakeview Station

Relrahl L MOy Brien

Xxperience

Retrabi Lo NCy Bismons
AGRIFIant Reiroft SCRANHS Hantlooke Cromby Station Lnit 1
RetolifSCR
SCRMHI _ Retroft LNS
Fessll Statlons - Seward Uit & Hurtiey 8788
Covert Statlon Reimit SCR = idiec Ralrofit SCRSTuchra Rebrofit SNCR
SCRAGNHI™ o
Patersbirg 1, 2, 8 4 ' Retrofit SNCR
LME \ Dunkirk 1-4
Burrave 16 N Retralit SMOP
Retrofit SCRMH3 ‘\.\
Cordova Energy Cenfer -
hea SCR
Mell SIMPSen Station X
Retrciit Low NG, Bumers W
Clean Ceal il Projaot k ‘ /
urga iecion ™ ~ KK
Currant Crzek GTCC O \ =
Hewe LNZ/SCR ey &
Mivant Plitsburg, Fortrere, ~0O .‘ ()
and Contra Costa O
SCALNB ' U ®
Medeste rrigation Distriet
SCR Retrolit =
Mehare Generating Stetlen ' .
Mt RAGUCTON /‘ |
HY Energy Harry Allen
Nows LNB
Mirant Apex, ‘ = el
Haw SCR Fush Isiapc 18‘2-)0-9 a aﬁun
Herquehala Station S et LN and -
SCRIANAS MOy Sudies Cilfislele &
’ Maw SCR
Fessl Statlons, / 4
S0 Shufos ‘. ¢ Deminlen VCHES
Fosell Stations S Hewilew NO, CFE
SCRANE Rudkes Cambustion
GEP Turk f Fantes Coopor
N, Mow LNB/SCR Blg Cajun 4 Auburnelale Station NOw Study
Haaky Station Elsst. Instal. Haw SOK Rexion Hairont 508
Ny LNS CLECD Madlsen 3 Frgllm. Erg. . iarshall 384
Castle Peak ‘B’ {Heng Kong) Mew Low N0 CFB Blg Cajun [l 13 Lake Cogen Statien fskrofi BOR
Retrcfit SCR Combustion Urit1 - 5CR Revisw Rebmofit SCH
Units 283 ~ SNCR
Prelim. Eng.

Tilbury & Blyth [UK)
Ak, MH3

Scotiizh Power
Longannet LA

3 Eng )

L l’dmde"‘!" fontaup 5 & 6

st :ﬁg ; ,/ S/ Reircit LN
3 ‘ Fore Rlver Stoticn
4

Wyman 1~4
cembustion Ootinmizatien

Salem Harbeor $tatlan
fabrcit LNE

Wystic Station
it RORIAL NES

SrayrenfPelnt 1 & &
SCRiAG MH2

ew BCRS A NH3

Canal 182
SCR Specinoution sl A6MH3

ResetenStation 1 &2
Rolrciit LME

T S OTT R
SCRAUnea

Favenswood Stetlon
HCHIAG NHY

Lovett Units4 & 5
SCR Shudy

Engine Frofect
SHAG NHY
Hucleon Statlon

it 2 SCR, MO Control
Engineering
B.L.Engiond 1 &2
NGy Shudes

Coastal Eagie Poim
[ = e 14

fiercer Statlon
NO, Conimeé Consiiting

dncllan River ¥ &4
SCR Retroflt—~ prellm. eng.

Chalk Falnt 1 &2
Ratral | Low NGy Samers
Rsbreft SCR on Uit -

Faossll Statlons
MGy Complisrce Shcies

72
ass;ll lons
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Particulate

RWE Tilbury & Blyth (UK)
New ESP

Presque Isle
Steam Station
Retrofit ESF

Huntley and Dunkirk Stations
Hg Control Studies

Ben French Statien
Uipgrads ot ESP

Y¥yedak Unit 1
SOACSP

Csage Statlon
RafraitESP

Merth Valmy 1
Fabnic Filker

Nerth Valimy 2
SDAFF

Mistersky Stetlen
Rabuild ESP

Coastal Eagle Polnt WESH
Rush Island 1&2 ' Despwatertnits 1 &8
Hudes Fabric Fiiter
Branden Shores Units 182
Pstersburg Uni 2, ‘ I -‘ Reirolit Baghouse WSy sorbent
Retrodt E5P - ijection & PAC ijection for Hg
Petersburg Lnlt 4 control
e ESH ; Méurtdinsas L @8 Indlan River Unlt1 & 2 Ratroft ESP
Joppa Stotlen ’ Contd _~T.1 sIndlan Rlver 384
Pui and 50 Studies CLECO Madison & 09 - “. Retrofit Baghouses wPAC injection for
and Testing New Baghouss £ - Hg controt- prefim. Eng.
Gannen Units 1-6
Hg Contrel Reiroil ESP
p Villew Glen ] Chalk Folnt Units 182
Eil G ionit4 Columbus Blg Bond Statlon Mergantown Units 182
New Begholae, Hg Centrol UnitsZ & 4 Neys ESP
ReireftESe/ Facllity Dickerson Units 1, 2, 3 3
Mg Cain 1l L nis 103, SDAFF Gl Uta 588 RelroftLSFO FGD for S0, & Hy
Retrofit PAC/SDAIRF Mmsﬁgcg‘:mm lonic) reduction
Heitien Entergy Little Gypsy 3 Baghauss & Hg Control R mé‘;go
Mew Baghause & ¥ ?
SOAMFF Hg Control {Chestorfleld Unit &
S L Bt Solutions”
Kt StormUnits 182

Retrofit SO- Sorbent Baghouse with PAC

Mentoup Units § & &
Ratrof £59°

Brayten Folnt Uas 1 8 2
Fabilld of SR, Retrofit Hg

§ Contryl Baghouse wf PAT

" Brayton Felnt Units 1. 2 & 3
Rairofii EGP

Canal Units 182

Rabuild of ESP

iideletown Unlt 3 Retreflt
RatroRtESP

Eridgeprert Harkror Unit 3
Retrofit Hg Baghouse w/PAL

Meresr Unlts 182
g Control Project
Retrofit Baghouse withPAC

Hugsen Unit 2

Refrofit baghnise w/PAL igection
for Hg Control; SOW for S0 & 50,
Frallm £ng.

Brunnei tsiand Unit 3
RetroRl 50

Erunner isiand Unit 2
MNewy E5P, BaghniKes

B.L. England Units1 &2
Retnokl CEF

Lovett Unlts 488 - stusy
Refrafitlime Baghouss

Oswego Units 5 &6 /|

Eor }
L akeview Station
Retrofit ESE

Rafrofii EEP



AQCS Experience

Installed Capacity in the Past 10 Years
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AQCS OEM Technologies

Wet Limestone/Gypsum FGD Technology
Advatech

Alstom

BPEI (RPI)

B&W

Chlyoda

Hitachl

Slemens

Dry Lime FGD Technology — Circulating

Dry Scrubber (CDS)
- Allled
- Alstom
- Babcock Power
= Nooter Erlksen

ACI/Trona/Lime Injection Technologies
- Alstom

B&W

CB-EEC

FL Smidth, Inc.

Hameon

Nalco Mohotec (BCSI)

Nol-Tec

Slemens

UccC

Shaw EMO™
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Baghouse (Fabric Filter)
- Alstom
- B&W

- Hamonh
- Slemens

SNCR Technology

- Fuel Tech (ACT)
- Cthers

SCR Technology
- Alstom

BPEI (RPI)

B&W

Hitachl
MHI

Dry Lime FGD Technology — Spray Dryer

Absorber (SDA)
- Alstom

- B&W
- Slemens

Multi-Pollutant Systems

- ReACT
- QOthers

Shaw" a world of Solutions” |
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Presentation Outline

Upcoming EGU MACT

Portfolio of options and solutions
Decision 20127? support or shut down
Expected Capital and O&M

Detailed Focus on specific Hg technology
Co-Benefits

Conclusions

11
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SR TR

Proposed MACT Regulation

Subcategory Total particulate Hydrogen Mercury
matter chloride

Existing coal-fired 0.030 0.0020 1.2 Ib/Tbtu
unit designed for lb/MMBtu lb.MMBtu (0.09 Ib/MWh)
coal = 8,300 Btu/lb (0.30 Ib/MMBtu) (0.020 Ib/MWNh)

Existing coal-fired 0.030 0.0020 4.0 Ib/Tbtu
unit designed for lb/MMBtu lb.MMBtu (0.040 Ib/GWh)
coal < 8,300 Btu/ib (0.30 Ib/MMBLtu) (0.020 Ib/MWNh)

wilpgl REpiny
rre g gl P gSescheon
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Decision 20127
support or shut down

 The time is fast approaching
— By 2014 will be approximately 50 GW of power shut down
— DSI system 9 to 12 months

— ACI system 6 months
— Gas Conditioning System 6 months (EMO/H202) 6 Months

— Adding any of these options will extend meaningful lifetime and
capital flexibility of operations under new requlations

e Limited resources

« Extend life

Shaw" a world of Solutions” |
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Dry Sorbent Injection
« SO2
. SO3
« HCL
« TPM

Activated Carbon Injection
° Hg

Pre-combustion treatment
° Hg

Flue Gas Treatment
Additives

° Hg

* NOX

Shaw* a world of Solutions g




Dry Hydrogen | Activated Calcium Halogen HBr

Sorbent Peroxide Carbon Bromide Gas Stream
Injection Injection Injection | Application | Conditioning
(trona, SBC,
H-lime)
Effective S02, SO3, Nox Hg Hg Hg
Removal HCL
Capital Cost $2 -5 $2 -5 $1.5-10  $500k - 2 $15-5
million million million million million
O&M 710 15 $10 - 15 $1-3 $1-2 $1- 2
Cost/yr. million/yr.  million/yr. million/yr.  million/yr. million/yr.

Shaw* a world of Solutions 4




System Make Up Generally Simple

Common design
Storage tanks
Mixing or conditioning components

Distribution system (feeder, duct)
— Valves

— Metering

— Lances

Distribution is key to maximizing effects

Shaw" a world of Solutions” |
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Dry Sorbent System (DSI)

Anmbient

Air

H Fan

Storage
~ Silo

Bin

" Activator
Silo

_ Discharge
'1].,5, ~ Rotary

Vale

II'. '--

¥ ‘Inl
i —Weigh

Truck Unloadin ._u

Chiller / Dehunﬁd ifler Skid Hopper

\} N ST = - 11},
o Feedear

Cptional:

Magnetic ——
Separator

Mill —
Mill Bypa 58"

_I

Vert
Hopper

L_______r_____

Transport T e

Ambient Air Blower Rotary

Air

— Aftercooler Airlock

t"_I..
To Flue

JAY
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Peroxide Injection Lances

Shaw* a world of Solutions
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PAC Injection
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Enhanced Hg Oxidation System

Shaw- a world of Solutions”
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CFD Modeling
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" One Low Capital Cost Solution you should \
know and understand for Hg

HBr

*Hg control
eParticulate control

Hydrogen Bromide

\
st
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What Does HBr Do?

Provides a high level of Hg oxidation to facilitate Hg capture

Shaw" a world of Solutions” |
23



Current Applications and results

 Maryland, 320 MW Unit Bituminous coal 90+ % oxidation
at 8ppm injection 90+ % removal at stack

 lllinois, 340 MW Unit PRB 90+ oxidation at 6ppm injection
90+ % removal at the stack

e Texas 650 MW Unit Lignite 90+ % oxidation at 10ppm
Injection 90+ % removal at stack

Shaw-" a world of Solutions” |
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Benefits of separating sorbent medium
from HBr

May not need carbon
Could use Dry Sorbent (Trona)
May only need a small amount of carbon to capture Hg

Use only the optimal amount of HBr

Shaw" a world of Solutions” |
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Low Capital Cost Halegen Acditive Contiol

 Where do you find it?

— Suppliers Albermarle & ICL
are two largest in the world

— Major Supply Dead Sea

 How do you apply it?

Shaw- a world of Solutions” i




Injection Lances
Mixer module

Water and Chemical
Pumps

Compressed Air

Distribution and valuing
panel

Shaw" a world of Solutions” |



Co-Benefits of Injecting HBr

 Reduced Opacity

e Reduced Total Particulate Matter

e Improved performance of SCR

 Eliminate need for SO3 generation

Shaw-" a world of Solutions” |
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30.0 -Opacity (%) 16.0

+ EMO™ |njection Rate (ppmvd)
—Linear (Opacity (%)) | 140
250 - =—Li ™ Injecti .
- 120
20.0
10.0
15.0 8.0
6.0
10.0
4.0
5.0
2.0
0.0 0.0
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How long will it take to get a system
designed and Commissioned?

e Six months includes site specific design parameters

Variables include:

— Pipe routing

— Duct Size

— Gas flow modeling
— System configuration
— Number of lances

Shaw" a world of Solutions” |
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‘ PaclfiCorp Bridger

WPS Pulliam
Ameren Edwards

AECI| Thomas Hill
OG&E Sooner
Luminant Martin Lake

San Miguel Electric Coop

Luminant Sandow

East Kentucky Power Coop

Newton “

e
Mirant Chalk Point

1A

s

Full Scale Sites

O current Sites
O Future Sites

Ameren Joppa
Luminant Big Brawn

A

Shaw- a world of Solutions” y
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Thank You

Reinhold, July 12, 2011
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