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From: Sterling_Gray@URSCorp.com

Sent: Wednesday, August 17, 2011 12:18:58 PM

To: Eric M. Robeson

Cc: Duane Edward Braunecker; Bob Berry; Larry Baronowsky;
Robert.Crynack@fmc.com

Subject: NOx Controls for Green

Importance: Normal

Attachments: Big Rivers 081611 a.pdf(Qy;BREC Peroxide Briefing 8.16.11.pdf;

Eric:

Thanks again for meeting with us yesterday to review the Peroxide NOx control technology and potential
application to the Green Station. Attached is the material we presented for your further review and

consideration.

As we discussed, we think use of the peroxide process at the Geen station may be sufficient to meet all
your NOx reduction requirements for CSAPR. Our site visit to Green was also very encouraging (Kevin
West was very helpful and professional). The ductwork between the economizer and AH appear well
suited for peroxide injection and will permit the use of vertcial inejction lances - making both a demo and
permanent installation much easier. It also will provide more than adequate residence time for reaction of
the peroxide with the NOx at the elevated temperature. The FGD system is also well suited with good
contacting, high SO2 removal, good chemistry, oxidation control with emulsified sulfur, and no flue gas
bypass. Finally, the waste stabization process at Green will ensure that the captured NOx species are

encapsulated in the waste that is landfilled onsite, eliminating any discharges to water bodies.

The plant also appears to be a great candidate for a full-scale demonstration. Based on the ductwork
configuration, we could successfully demonstrate the process by treating just half of one unit (since the
gas path is segregated from the economizer outlet all the way to the scrubber outlet). With this approach,
we think we can reduce the overall costs of the demonstration. Furthermore, we'd like to consider the
involvement of the CRN (Cooperative Reseach Network, the research arm of NRECA) as a particpant and
possible co-funder of the demonstration with support from other interested Co-ops. A unit outage
scheduled this fall would provide an opportunity to install needed injection ports in the economizer outlet

ductwork, to support a demonstration.

Eric, both URS and FMC are intersted in working with BREC to develop a low-cost approach and funding
mechanism for a demonstration at Green by years end. Please consider this and let us know if this is of

interest, and how we can move forward.

Kind regards, Sterling

Sterling M. Gray, P.E.
Technology Manager

URS Corporation
9400 Amberglen Blvd
Austin, TX 78729
512.419.5653 (office)
512.633.4975 (mobile)
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FMC’s H,O, Technology for
NOx and Hg Emissions Control

Big Rivers Electric Corporation
August 16, 2011

Bob Crynack
Business Development Manager — Air Emissions
FMC Peroxygen Division
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FMC Corporation (FMC)

- Global diversified chemical company serving the
agricultural, industrial, and specialty markets

« 2011 Sales Revenue $3.1 Billion
« 5,000 employees worldwide

+ Leading North American producer of hydrogen
peroxide

« Supplier of EnProve™ sodium-based sorbents to
the industrial and utility markets
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FMC Safety Commitment

 FMC is a proud member of the American
Chemistry Council (ACC) Responsible Care®
program

* Rigorous program with continuing focus to
improve the safe manufacture, handling, use,
and security of our products throughout their
life cycle
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Introduction to NOx Control
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Introduction

* Regulatory requirements are creating a need for
coal fired boilers to further reduce NO, emissions
(CSAPR, NAAQS, NSR, Regional Haze, etc.)

- There are several proven technologies that have
performance limitations and cost issues

A technology void exists for units seeking NO,
reductions of 30-70% with minimal capital
Investment

« FMC is developing a cost effective NO, control
technology to fill the void that also reduces Hg
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Current NOx Control Options

SCR SNCR
NOx Removal 90%0+ 20-30%
Capital Costs High Moderate
Boiler Impact No Yes
Operational Ammonia slip Ammonia slip
Issues SO, generation

Chemistry 4 NO +4 NH; + O, — 4 N, + 6H,0
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FMC NOx Control Technology
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FMC Intellectual Property

« FMC is the exclusive licensee for NASA
U.S. patent #6,676,912

— Use of hydrogen peroxide to oxidize
nitrogen oxide (NO) to water-soluble forms
for subsequent capture

* FMC has filed provisional U.S. and PCT
patents covering additional operating
parameters

- Coupling hydrogen peroxide with existing
NO, technologies

— Use of catalysts with NASA patent to
enhance efficiency
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Hydrogen Peroxide (H,0,)

« Strong, environmentally friendly oxidizing
agent

* North American Capacity 1.7 B Ibs/yr — FMC is
the largest NA supplier

- Major End Uses: pulp & paper, chemicals,
food, hair treatment, antiseptic, and
electronics

- Product provided in various grades and
concentrations
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Hydrogen Peroxide Chemistry

(1) Decomposition Reaction
H202 — H20 + 1/2 02 T

(2) Catalytic activation at elevated temperatures
HO, - 20H* or H, O, - OOH° + H
(3) Simplified oxidation of NO with H,O,
NO,
HNO,
HNO,
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NOx Capture Options

- Capture of N species is the key to the
success of this technology

« Wet lime/limestone/sodium scrubbers
 Circulated Fluidized Bed (CFB) scrubbers

- Spray Dryer Absorber (SDA)
* Dry injection (lime/trona)
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Technology Advantages

» Low capital and maintenance costs
» Higher removal efficiency vs. SNCR
« Small footprint

» Operational flexibility and scalability

» Operating costs dependent on removal
requirements and operating hours

* Able to demonstrate full scale
* Virtually no down time for installation
« Short contract execution time
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Technology Development
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Technology Development Program

 UCF/NASA Patent (lab/pilot)

» Alabama Power Gadsden Station (pilot)
 MRC at Plant Crist (pilot)

* Three Utility Trials (full-scale)

« URS Wet Scrubber Study (lab)

 EERC Dry Chemistry Test Program (pilot)





I Fmc

Summary of Performance

* Up to 80% oxidation of NO to NO, and other
species

» H,0, preferentially oxidizes NO and not SO,
at higher temperatures

» Activators injected with the H,O, can
enhance oxidation and reagent utilization

» Key to technology is capture of N species in
downstream FGD apparatus

* Overall NOx removal in trials limited by wet
scrubber chemistry conditions

» Co-benefit of Hg oxidation and capture
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URS Wet Scrubber Study

» Multiple Phases:
— Computer analysis & material balances
— Wet chemistry studies
— Bench scale scrubber testing

* Results:
— Na, Mg-lime, lime and limestone

— Elevated sulfite levels needed for N species
removal

— Additives can enhance N species removal
— Additives needed to offset accumulated N species
— Cost effective even with scrubber modifications
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FMC Technology Demonstration
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FMC Trial Scope

* Peroxide storage tank & containment

» Chemical delivery system
— Pumps
— Valves
— Controllers
— Interconnecting piping

» Spray lances and nozzles
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Summary
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FMC Confidential
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Applications

» Stand alone system

* In conjunction with
— Low NOx burners (LNB)
— SNCR
— Over-fired air systems
— SCR
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FMC NOx Technology Costs

 Variable costs are site specific
— MW and capacity factor of unit
— NOx reduction requirements
— Peroxide efficiency (NSR ratio)
— Additional reagents (FGD)
— Estimated cost of $2-4000 / ton NOx removed

« Capital Costs
—$8-20 / kw
—$ 4-8 M for 400-500 MW installation





T
FMC and URS

 Partnership to commercialize and implement
the NOx control technology

« FMC has focus on NOx oxidation

* URS has focus on capture by existing FGD
systems

* URS has responsibility for implementation of
trial and permanent systems
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Summary

» Significant progress has been made In
understanding the oxidation of NO, using
hydrogen peroxide

 Capture is critical — FMC is working to define
capture rates for various downstream
equipment configurations

- Unique technology to address the void for
units seeking 30-70% NO, reduction with
minimal capital investment

» Seeking additional full-scale and pilot
demonstration opportunities
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Thank you |

Questions ?

Bob Crynack
412-487-0925
robert.crynack@fmc.com
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FMC Peroxide NO, Control:

Application at Big Rivers’
R.D. Green Station

URS Corporation
August 16, 2011
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CSAPR - BREC Emissions
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CSAPR NOx Requirements

2012 2014

CSAPR NOx Limit (TPY) | 11,186 10,142
NOx Emissions (TPY)

2010 12,074
Baseline 12,759
NOx Reduction (TPY)
2010 888 1,932
Baseline 1,573 2,617
Long-Term ...

Need 2000 - 2600 TPY NOx Reduction

Proprietary and Business Confidential






Control Strategies

Control Strategy A

Control Strategy B

Control Strategy C

NOXx NOXx NOXx NOXx NOXx NOXx NOXx NOXx NOXx

Control |Reduction|Reduction| Emissions| Control | Reductio | Reductio | Emissions| Control |Reduction| Reduction |Emissions

Process (%) (Tons) (TPY) Process n (%) n (Tons) (TPY) |Process (%) (Tons) (TPY)
Green 1 ,/ Hoo2\  50% 1,039 | 1,039 0 2,077 0 2,077
Green 2 \\H2(y 50% 1,096 1,096 0 2,191 0 2,191
HEMPL 1 0% 0 454 0 454 0 454
HEMPL 2 0% 0 456 0 456 0 456
Wilson 2 0% 0 955 0 955 0 955
Coleman 1 0% 0 1,946 SNCR 20% 389 1,557 0 1,946
Coleman 2 0% 0 1,958 SNCR 20% 392 1,566 0 1,958
Coleman 3 0% 0 2,107 SNCR 20% 421 1,685 SCR 80% 1,685 421

S
Reid 1 QRetirQ 100% 585 0 Retire | 100% 585 0 Retire | 100% 585 0
Reid GT 0% 0 31 0% 0 31 0 31

_g—

Totals (2,719) 10,040 1,787 10,972 2,270 10,489

Peroxide meets future NOx reduction needs!

Proprietary and Business Confidential






Why Peroxide?

« Controls only required at Green Station

« Low upfront capital investment (<$20/kW)

« Moderate operating cost (<$3000/ton NOXx)

« Well suited for existing Mg-Lime scrubber chemistry
* No risk of AH fouling

— forced unit outages; AH washing costs

 Easily tuned to minimize “compliance” cost
— variable unit and fleet generation
— variable NOx credit market

* Avoids costly SCR in future
— Incremental emission reduction costs “unreasonable”

Proprietary and Business Confidential






NOx Removal Projections

Step 1 - Oxidation
— Over 80% demonstrated at full-scale

— Various oxidized species formed
« NO, (~ 2/3)
« HNOj; (~ 1/3)

Step 2 - Capture
— NO, Capture in Scrubber

« Controlled by chemistry / mass-transfer area (contacting)
* Projections based on URS lab/bench test program

— HNO, Capture in Scrubber

« Controlled by mass-transfer area (contacting)
« Similar to max SO, removal (or HCI)

Proprietary and Business Confidential





NO Oxidation Results

NO Oxidation vs Reagent Molar Ratio
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NO, Capture Projections

NO, Removal Projections
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Limestone-Inhibited Limestone-Inhibited Lime-Inhibited Sodium
Scrubber w/Buffer Scrubber Scrubber Scrubber
T 1 U
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Relative NO, Removal Transfer Units

Note: Projections based on laboratory data; pilot-scale scrubber testing needed to validate results.
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Green Peroxide Example

« Unit Conditions
— 2 X265 MW
— 9,500 Btu/kW-hr
— 90% Capacity Factor
— 0.21 Ib NO,/mmBtu
— 1050 Ib/hr NO,

« Cost Basis
— $0.50/Ib H,O,
— $300/ton Na,CO;,
— $30/MW-hr Power

Proprietary and Business Confidential

H,O, Process

— 70% NO oxidation

— 1.50 NSR (H,0,:NO,)
— 1170 lo/hr H,0,

— 75% FGD Capture
* 65% NO, Capture
* 95% HNO,; Capture

— 52% Overall NO, Rem

Results
— 0.10 Ibo NOXx/MMBtu

10





Green Peroxide Economics

« Operating Costs
— Peroxide - $4.6 M/yr
— Soda Ash - $0.70 M/yr
— Power - $0.1 M/yr
— Maint - $0.1 M/yr
— Total = $5.5 M/yr

« Capital Costs
— Estimate ~ $6-10 Million
— Conceptual Engineering Study Needed

« Economic Analysis
— $2570 / ton NOx rem
— $1.60 / MW-hr
— $0.17 / MMBtu

Proprietary and Business Confidential
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Next Steps...

« Evaluation of Control Options/Costs
— Preliminary technology screening

* Pilot Wet Scrubber Test Program
— Validate NO, capture capability
— Assess long-term, steady-state impacts
— Duration ~ 12wks; Cost ~ $500k
— Seeking host and funding (3-5 utilities)

* Full-Scale Demonstration - Green
— Integrated demonstration (oxidation / capture)
— Enhanced Peroxide Injection/Oxidation tests
— Duration ~ 1 wk; Cost ~ $300k

Proprietary and Business Confidential
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512.454.8807 (fax)
sterling_gray@urscorp.com

This e-mail and any attachments contain URS Corporation confidential information that may be proprietary or privileged. If you
receive this message in error or are not the intended recipient, you should not retain, distribute, disclose or use any of this
information and you should destroy the e-mail and any attachments or copies.



