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' Syngas * More easily stored and transported than
hydrogen

-~ sxenergy density per volume than hydrogen

fuel

 Burns cleaner than fossil fuels — can be used as

diesel additive
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Syngas from GeDI\e/IrEte
Methane
* SolarThermal * CO, Recycle * Dimethyl ether * Distillation
Advanced Reactor * Water-gas shift reactor columns
System (STARS) reactor (DMER) * Pressure Swing
(WGSR) * Methanol Adsorption
Recycle * Phase
Separators
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Key Design
Challenges
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1. Lowdistillation temperatures
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— High energy costs
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2. High operating pressure

— Leads to thick walled (expensive) equipment

3. Economy of scale

— Large scale required for reasonable product cost
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Safety Hazard
Concerns Evaluation

* Pressure —30 bar
* Temperature - 285°C

* Flammability

* Compatible materials

& » Safeguards to prevent
\ - fire/explosion
Image from Taiyuan Heavy Industry Co J—
http://product.tyhi.com/index/Chemical_Equipme
nt/Coal_Chemical_Products/Dimethyl_Ether_Reac

tor.htm DeSign
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Max DME production at
0.4 [kmol hr*] CO,
Max MeOH production
at 0.1 [kmol hr*]CO,

CO, Recycle

Solar Dish Water-gas
Reactors Shift Reactor

CO + Hzo = COZ + H2




$3,105,408

Raw Materials

$621,346

$1,800,000

Operating « Comparable Market Cost: $3 per kg DME
Labor

* Final Product Cost:

— $7.20 per kg DME

$1,080,000

— $10.00 per kg H
Labor Related .
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HAZOP Study For DMER

Guide Word Deviation Cause Consequences Action
No inlet . . .
No Flow Line Blockage Stopped production Clean lines
Potential safety issues
Valve closed y Level Control
down the line
Pump Closed Backup pump
higher inlet o
More of & flow valve stuck open Low temperature Control and Monitoring of vessel T & P
lower conversion explosion Proper PRV
out of control reaction
. . recycle stream control . . .
As well as impurities low conversion pipe maintenance
problems
L . roper control and bypass of recyclin
corrosion In pipes poor product quality prop . YP yeling
streams if necessary
poor raw materials Additional corrosion
Leaks/Pressure decrease in production
Reverse Flow / ) 'N product Proper Pressure Control/PRV
deviations rate
. high pressure .
Blockages up the line . En P . Interlock in feed stream
buildup/explosion
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