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The Process
• Sustainable production of anhydrous ammonia

o On-site production of N2 and H2 with renewable energy 
sources
 N2 produced via pressure swing adsorption
 H2 produced through electrolysis

o Haber-Bosch synthesis of ammonia



The Design
• 50 metric tons per day of commercial-grade, 99.5% mass 

purity, anhydrous ammonia
o Small relative plant size
 Loss of scale
 Modular Numbering-up approach

• A greener approach in electrolysis
o Methane reformation typical
o Contract local wind energy providers



Discussion of Major Equipment

• PSA Equipment
o Four (4) stage reciprocating compressors
o Three (3) interstage cooling water heaters
o Three (3) cooling water centrifugal pumps
o Three (3) knockout drums
o Four (4) pressure vessels

• Electrolysis Equipment
o One (1) water purification system
o One (1) electrolyzer

Per Module:
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Discussion of Major Equipment
• Ammonia Reactor Equipment

o Five (5) stage reciprocating compressors
o Four (4) knockout drums
o Three (3) interstage cooling water heat exchangers
o Four (4) cooling water centrifugal pumps
o One (1) reactant / reactor effluent heat exchanger
o One (1) reactor effluent / cooling water heat exchanger
o One (1) reactant heating furnace
o One (1) fluidized bed reactor
o One (1) cooling tower
o One (1) liquid ammonia separator
o One (1) ammonia storage tank

• Ammonia Refrigeration Unit
o One (1) R717 evaporator
o One (1) R717 chiller
o One (1) interstage cooling water heat exchanger
o Three (3) stage reciprocating compressors
o Two (2) cooling water centrifugal pumps
o One (1) knockout drum



Ammonia Reactor Loop
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Refrigeration Unit
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Health, Safety, and the Environment
• Production trains as an inherently safer design

o Reduced complexity with identical designs
o Less process fluid in any one section of the plant
o Potential for storage in smaller tanks, reducing the 

chance for disaster should one module fail

• Minimization of the carbon footprint
o Fired heater as the primary source of carbon 

emissions

• Improved safety in the absence of methane reformation 
and sulfur recovery
o Elimination of poisonous gas exposure, such as with 

H2S



Potential Consequence Summary
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Fixed Capital Investment Costs



Fixed Capital Breakdown



Utility Costs



Sensitivity Analysis

Multiplication 
Factor: 1 = 1000



Conclusions and Recommendations
• At typical ammonia sales prices, the present design is not profitable

o A sale price of approximately $3,000 per ton is necessary for an 
8% DCFROR

• Large fixed capital and continuous costs arise from electrolysis

• Methane reformation may allow for profitable operations, but runs 
counter to the push for green design

• In the event that the project is continued in an alternate form, 
automated emergency deluge systems may prove integral to safety



Questions



Considering More Modules



Balances
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Utility Costs



PSA Utilities



Electrolysis and Haber Bosch Utilities



Refrigeration Utilities



PSA Compressors



PSA Heat Exchangers



PSA Cooling Water Pumps



PSA Knockout Drums



Ammonia Loop Compressors



Interstage Heat Exchange



Ammonia Loop Knockout Drums



Ammonia Loop CW Pumps



Ammonia Loop Heat Integration



Ammonia Loop Separator



Ammonia Storage Tank



Refrigeration Compressors



Refrigeration Pumps



Refrigeration Knockout Drum



Inherent Safety
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