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Two Main Technologies
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— Chemical Conversion to Ammonia In Pressure
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— High Temperature Thermal Decomposition
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U2A® Hydrolysis
Process
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Yearly Operating Cost — 6500 Hours
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Yearly Operating Cost — 6500 Hours
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Operating Principles#/E R

Steam Modulated to Achieve Set Pressure
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Urea Level in Hydrolyzer controlled to constant level
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Ammonia Gas Mixture Controlled by Flow Control Valves
at Each Metering Unit
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Covered by U.S. patents 6,077,491, 6,322,762, 6,436,359
and 6,506,350; European and Asian Patents Issued or
Pending

135 & £ %6,077,491. 6,322,762, 6,436,359416,506,350
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Specific Hydrolysis Reactions 7Kfi#Jz B J5R #
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Ammonium Carbamate Intermediate Consumes One Molecule of
Water. Heat and Pressure Required to Force Water to Combine.
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Ammonium Carbamate Fully Converts to 2 Molecules of Ammonia
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U2A° Advantages 7K@

Low Energy Consumption and Cost — Uses Low Energy Steam
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Complete Conversion of Urea to Ammonia
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Rapid Load Following

PR Y S PR

One Unit Can Supply Multiple Boilers
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Equipment Redundancy
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Urea Contaminants Removed by Blowdown
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U2A°® Projects (partial list)

Detroit Edison Monroe —
Allegheny Energy Harrison —
AEP Mitchell 1 & 2 -
Moneypoint Power Station-
Mirant Morgantown —

Enel Torrevaldaliga Nord —
Constellation Brandon —
S.E.C.I. Seminole —
Allegheny Pleasants —
Termokimik ED Power —
Crystal River (SCRs) -
Crystal River (AMM)

AEP Conesville Unit 4 —
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4 x 800mW
3 x 700mW
2 X 800mW
3 x 600mW
2 X 700mW
3 x 650mW
2 X 670mW
2 X /00mW
2 X /00mW
2 X 700mW
2 X 700 mW

1 x 850mW

=%

4 x 1,100 kg/hr
2 x 840 kg/hr
2 x 1,500 kg/hr
2 x 1,300 kg/hr
2 x 1,200 kg/hr
1 x 1,000 kg/hr
2 x 1,070 kg/hr
2 X 990 kg/hr
2 x 840 kg/hr
1 x 775 kg/hr
2 x 1,027 kg/hr
2 x 315kg/hr
1 x 770 kg/hr



U2A°® Projects (partial list)
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Progress Energy Asheville- 2 x550mW 2 x 375 kg/hr
Doosan Rabigh - 4 x 700mW 1 x 300 kg/hr
Duke Marshall 3- 1 x650mW 4 x 280 kg/hr
Namjeju Korea - 1 x200mW 2 x 255 kg/hr

Beijing Guodian Longyuan- 2 x350mW 2 x 200 kg/hr
Mid American Council Bluffs- 1 x 790mW 1 x 190 kg/hr

Doosan Marafig- 2 x550mW 2 x 180 kg/hr
AES Huntington Beach- 4 x 440mW 2 x 175 kg/hr
SCS Astoria 3 & 4- 2 x500mW 2 x 140 kg/hr

SCS Astoria 1 & 2- 2 x 500mW 2 x 115 kg/hr



Pyrolysis Process
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Pyrolysis
Process

One System Per Boiler
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Pyrolysis Process# g T2

Urea Sprayed into Heated Gas Stream
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About 5% NH3 Concentration
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Urea Pyrolyzes into One Molecule NH3 Mostly and One of Isocyanuric
Acid

R AE R P R AR — B AR Y UR— AR 16 5 R

Energy Intensive
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Equipment Very Large for Production Rate
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Uses Large Quantities of Fuel Oil or Natural Gas
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Specific Pyrolysis Reactions
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NH,CONH, 2> 1NH, + HNCO

Urea Heated at High Temperature Breaks Down to One
Molecule of Ammonia and One Molecule of Isocyanuric acid.
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HNCO +()H,0->INH; +CO, + (x-1) H,0

Reaction is NOT Complete Itz N A 584
Occurs Within SCR Catalyst —Residence Time May Not be
Sufficient to Fully Convert to Ammonia Itz B & 4= fE SCRH]
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Pyrolysis Process ## T2

Must Control Ammonia Production Rate by Urea Feed
Rate Adjustment

gl R R el R B = =
No System Redundancy
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All Urea Contaminants Go to SCR
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Potential Poisoning of SCR Catalyst
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Large Decomposition Chamber — expensive to Install
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Pyrolysis System P& &%




Comparison of
Pyrolysis and
Hydrolysis
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200 kg/hr System Comparison
HZE200 T8/ DR RS H B

Energy Consumption Mega Joules

== Hydrolysis Direct Injection

== Hydrolysis 5% NH3
Hydrolysis 10% NH3
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Utilities Comparison (4 x 1000mW - 1963 kg/hr)
SRR ($FXF45 10075 T BL-B/PEF1963 4 fr i 71)

Fuel Oil
tons per kKW per 5Steam DI Water *Urea
hour hour tons/hr tons/hr kglfhr

Pyrolysis wio Air

preheat all

electric ; 3839
Pyrolysis wio Air

preheat with Fuel
Oril

Pyrolysis with Air
preheat all
electric
Hydrolysis Direct
Inject

Hydrolysis 10%
Inject

Hydrolysis 5%
Inject




Utilities Comparison (4 x 1000mW - 1963 kg/hr)
SRR ($FXF45 10075 T BL-B/PEF1963 4 fr i 71)
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Yearly Operating Cost — 6500 Hours
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Summary = 45

Operating Costs Should be Considered When
Evaluating Technologies

1%%”?1&*%%‘2?&% , BTN ZENEERN S

Hydrolysis has Complete Conversion to Ammonia
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One Hydrolyzer Can Supply Multiple SCRs
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Installation Costs May be More for Pyrolysis
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