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Appendix F
Steam Generation Process Flowsheets

The following flowsheets represent possible design schemes for producing high pressure steam.

Desulfurization units that require heat removal are utilized for producing the steam. The steam
generated will result in an economic credit for the process. The steam generation simulations
will help determine the equipment necessary for cooling the desulfurization process.
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Appendix G
Calculation of Reactor Size

The reactor’s diameter is determined from the average volumetric flow rate and the linear
velocity.

v =20 ft/sec = 72,000 ft/hr
V = [(gas volume entering) + (gas volume leaving)]/2 + (sorbent mass flow) (60 Ib/ft*)"!
Area = V/v = (Volumetric flow rate ft*/hr) / 72,000 ft/hr {f*}
Calculating the area allows for the calculation of the reactor inside diameter.
Area =7 (ID.)*/ (4 x 144 in’/ft%)
LD.=[ (Area) (4 x 144) / 1> {in}
The reactor cost will be based on the material of construction costs. The reactor wall thickness.
and height are necessary for such a calculation. The reactor system cost will be calculated to

include installation costs.

The reactor will be cylindrical. The wall and heads will be assumed to have the same thickness.
The following equation was used for determining wall thickness (Peters & Timmerhaus, 1991).

Thickness =P (ID.) / [ 2 (Max. allowable working stress psia) (Efficiency of joints) - 0.6 P] + C,

P =pressure {psia} C. = corrosion losses {in}

Thickness = 275 (I.D.)/ [ 2 (12,000) (0.85) - 0.6 (275)] +0.125 {in}
Taking steel density to be 489 lb/ﬁ3, the reactor weight is calculated with the equations Below.
Weight of shell = &t (1.D./12) (height) (Thickness/ 12)(489)‘ {Ibs}
Weight of heads =2 m [12 LD./ 2]* (Thickness) (489/12%) (2)  {lbs}
Total weight = 1.15 (weight of shell + weight of heads) {Ibs}
The total weight is increased 15% to account of nozzles, manholes, ect.

The cost of carbon steel can be calculated by the equation below.
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(Cost per 1b) = 80 (total weight)***
The equation above in applicable for 800 1b to 100,000 Ib vessels (Peters and Timmerhaus 1991).
Estimates for weights over 100,000 Ibs could not be found. Therefore, in such cases the unit cost
for carbon steel was taken as an average of the above equation calculated for 100,000 1b and the
above equation calculated for the total weight. The unit cost is expected to continue to decrease
at larger quantities but the decrease should become less pronounced.
Unit cost of carbon steel (weight > 100,000 1bs)

(Cost per Ib) = 80 [(total weight)*** + (100,000)°**] / 2

The cost of installation will be twice of the cost of the reactor if it were constructed of carbon
steel.

(Cost of installation) = 2 (Cost per 1b) (total weight)

The total cost of the reactor system includes installation and material costs. Material cost is
multiplied by 3.5 to account for using stainless steel 310 instead of carbon steel.

(Total cost for reactor) = (Cost of installation) + 3.5 (Cost per Ib) (total weight)
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Appendix H
Sizing Reactors for the DSRP

Copies of the reactor system sizing calculations follow. They include estimates of the reactor
system costs. The equations describe in Appendix G - Calculation of Reactor Size where used in
the spreadsheet.
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reactors DSRP

Desulf and Regen tranéport reactor price calculation

DSRP

Regenerator Reactor

v (ft/sec) = 20

V (cfh) = 85,541

Area = 1.188 ftr2

1.D. 15.068 in

thickness= 0.330

shell wt.= 5,302 Ibs

heads wt.= 67 lbs
. total wt.

Regenerator Standpipe

total wt.

Desulfurization Reactor

v (ft/sec) = 20

V (cfhy= 1,296,166
Area = 18.002 ftr2
1.D. 58.653 in
thickness= 0.922
shell wt.= 57,707 lbs
heads wt.= 2,821 Ibs

. total wt.

air volume 67,895|cfh HP-O2-N2
72000 ft/hr ROG volume 94,813|cfh ROG
regen sorbent flow 251,240|Ib/hr  ZNS2RGEN
regen sorbent vol. 4,187 cfh
sorbent vol% 4.90%
Corrosion depth 0.125]in
reactor height 100}t
6,174 Ibs (includes additional 15% for nozzles, manholes, etc.)
size vs. regen size
6,174 Ibs
-coal gas in volume | 1,200,000{cfh RAW-CG
72000 ft/hr cg out volume 1,370,000{cfh - CG-CALC
regen sorbent flow 669,972|Ib/hr  ZNS
regen sorbent vol. 11,166 cfh
sorbent vol% 0.86%
Corrosion depth 0.125(in
reactor height 100} ft

69,607 Ibs (includes additional 15% for nozzles, manholes, etc.)

Desulfurization Standpipe

total wt.

size vs. desulf size |:|

69,607 Ibs

total wt. 151,561 Ibs

COST

C.S. unit price for quantiy needed

Cost of installation

Total reactor cost

weight for desulfurization and regeneration transport reactors

>100,000 Ib calc
1.490988 1.386
<100,000 Ib calc

1.491 $/lb
1.593 $/ib

1990 $
1996 $

$482,917

$1,328,020 includes cost of installation
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DSRP reactor

DSRP Reactor Cost

DSRP
DSRP Reactor slipstream 37,342{cth SLIPSTREAM
v(fisec)gas= [ 3| 10800 ft/hr ROG volume 75,166/ch  ROG-COOL
V (cfh) = 114,923 reactor effluent 107,359[cfh  RXNPRD
space time -gas 33.33 seconds DSRP reactor Q -15,340,000|BTU/hr
v (ft/sec) cat = 23 8280 ft/hr catalyst flow 299,381 Ib/hr
catalyst vol. 4,990 cfh
Area = 10.782 ftr2
1.D. 45.391 in catalyst vol% 5.59%
thickness= 0.742 in
shell wt.= 35,930 Ibs Corrosion depth : 0.125|in
heads wt.= 1,359 lbs reactor height 100(ft
total wt. 42,882 Ibs (includes additional 15% for nozzles, manholes, etc.) !

DSRP Standpipe
Cyclone (20% of reactor size) 8,576 Area = 10.78 fth2

1.D. 45.39 in
standpipe heighft thickness= 0.74 in

shell wt.= 14,372 Ibs
residense time 10.81 minutes heads wt.= 1,359 Ibs

total wt. 26,667 Ibs (includes additional 15% on standpipe weight + Cyclone weight)

Heat Exchanger
Heat Exchanger Area (ft"2) 1063 heat exchanger pipe thickness in

volume of steel 22

total weight 10,829 Ibs
total wt. 80,379 lbs weight for DSRP reactor system
COST
>100,000 Ib calc .
C.S. unit price for quantiy needed 1.719 $/ib 1990 $ 1.657735955 1.719
1.837 $/ib 1996 $ <100,000 Ib calc
Cost of installation $295,320
Total reactor cost $812,129 includes cost of installation
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