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Sulfur dioxide (SO:) is one of the major pollutants emitted from industrial flue gases and its release is associated with
significant environmental impacts. In this study, the technical and economic feasibility of SOz recovery and liquefaction
from sulfur recovery unit flue gases of a gas refinery was investigated. The Cansolv process was selected owing to its
high recovery efficiency, compatibility with sulfur recovery unit flue gases, and industrial maturity. The SO: recovery
unit was designed based on licensor data, while the dehydration and liquefaction sections were designed using Aspen
HYSYS V8.6. Economic assessment was conducted using the factorial method and discounted cash flow analysis. For
the selected case study, an SO: recovery and liquefaction unit with a production capacity of 337,000 t/y and a product
purity of 99.95 wt.% was designed. The total capital investment and annual production cost were estimated at USD
103.4 million and USD 31.3 million per year, respectively. At the design capacity and an SO: selling price of USD
400/t, the economic indicators including ROI, NR, NPW, and PBP were estimated at 57.9%, USD 45.5 million, USD
229.5 million, and 1.3 years, respectively. Moreover, the economic break-even production capacity was determined as
37,000 t/y, substantially lower than the nominal design capacity. The results indicate that SO recovery and liquefaction,
besides mitigating acidic pollutant emissions, can represent an economically attractive pathway for value-added product
generation. Furthermore, environmental penalties, pollutant pricing policies, and green financing mechanisms could
further enhance the economic attractiveness of such projects.
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Table 2 List of commercial processes SO, recovery from flue gases
based on regenable solvents [12-14, 16-23]

90%,

Amine-based Gonvenine] i t

X " Types (Packed 1000 to 50000 T2XMUM @

Cansolv (tertiary semi- Tower. Tray, Spra m highest SO»
salt diamines) » ray, spray pp input up to

or Venturi) 490.0%
. 0

Polyvalent
carboxylicacid BELCO® EDV 1000;;:0000 90-95%

salts

MECS SolvR

Conventional

Cold wati T Packed  Upto 55000
© wz} er Sea water ypes (Packe e 99~%
Scrubbing Tower, Tray, Spray ppm

or Venturi)

80z YU Linws wdale U slapliyz 5> Laee Sulinox (g,5Ls
Ol el 4Bl 3,8 I3l Zlpdal (5550l galie 53 ohigas
238> 3 oS S0 edlil il i ST P> S 51 sl
S 339450 (3 3yl 51 LaysySg s yulas ulad e wiliSys
PV L g 5L ol ogVe canal 4139550 S0: i gy
3855 T el sl 5 PV SWI S, Slgige PN
Cansolv SO J.uT)B cslio 5 VY] sy w8l 1y G=es>
Shell Global Sy (uilud i yol> Jlo 43 a5 Scrubbing
68 sleisbs gl 51 GSa ede 4dye Solutions
39850 Wguene SOz (3L (sl el iila! SV e

1840 (pags oY oyladd YV )90

3565 8Ljb slaanly (slajsumall; 5l 29,5 55 wlakin V Jyi
Table 1 Specification of exhaust gas from incinerators in sulfur recovery
units

H:0 19.2

SO2 2.396

H2S 0.067

Cco 0.404

N2 51.379

Ar 0.614
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Table 3 Mass and energy balance results of major streams in the Cansolv
process (SO, recovery section)

Flue gas Flue gas SO flow
Inlet flue exiting the exiting the  exiting the
gas (feed) pre- absorption regeneration

treatment tower tower
Temperature (°C) 370 50 51 50
Pressure (kPag) 4.0 2.6 0.1 80
TotalMass Flow  gc9303 802096 779994 43493
(kg/h)
Composition (kg/h)
CO: 281130 281130 281130 0
N: 415488 415488 415488 0
SO 42901 42901 267 42634
SO3 1608 21 7 0
02 21464 21464 21464 0
H20 96731 41091 61637 859
Fly Ash 14 0 0 0
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SO,
Table 4 Mass and energy balance results of major streams in the SO,
liquefaction process

Exhaust gas B EIEBEE Liquid leaving Absorbent
from the .
from the cooler TR the condenser entering
E-1203 K-1201 E-1204  tower C-1201
Temperature (°C) 35 165 35 35
Pressure (kPa) 153.7 614.7 601.1 165.7
Total Mass Flow
(kg/h) 46720 46720 46720 4320
Composition (kg/h)
SOz 46697 46697 46697 0
H20 23 23 23 86
H2S04 0 0 0 4234
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ROI (%) = P
TCI i
TCI g (Annual Net Profit) ai¥lw (all> 3gw ANP (¢l ;3 oS
Adlse (Total Capital Investment) 6§y JS (5,145 4sloyws
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Table 5 Technical specifications and prices of the main equipment for the recovery process (Cansolv), dehydration and liquefaction of SO,

C-1102 SO Stripper 23 Packed Tower 316L SS 3681.8

~
[N

C-1901 Prescrubber 12.

<o

22 Spray Tower FRP 3528.3

Equip. No. Vessels/Tanks Diam (m) Height (m) Vol (m3) Material Price (103 $)

T-1101 Lean Absorbent Tank

O
£

18.7 1291 316L SS 591.3

V-1201 Dried gas knockout drum

[
i

5.3 18.4 316L SS 2423

Equip. No. Heat Exchangers Duty (GJ/h) Area (m2) Type Material Price (103 $)

E-1102 Stripper Reboiler

[53
o
N

2500 Plate & Frame 316L SS 107.3

E-1104 Lean Absorbent Cooler 10

o

461 Plate & Frame 316L SS 52.8

58.8x10-3 9.6

E-1201 Acid cooler Shell & Tube 316LSS 81.3

E-1203 Dried gas cooler 721.3x103 86.7 Shell & Tube 316L SS 45.9

Price (103 $)

Equip. No. Pumps Normal Flow (m3/h) Head (kPa) Motor (kW) Material

P-1102 A/B Absorbent Feed Pump 1122 345 45.0 316L SS 124.1

P-1104 A/B

o

Stripper Reflux Pump 15 345 6.0 316L SS 51.2

P-1105 Absorbent Purification Unit Feed Pump 10 600 . 316L SS 75.9

@

P-1202 A/B

-

Liquid SO, pump 35. 13.75 316LSS 30.1

H-1901 Booster Fan 1588764 4.0 2238 316L SS 1522.6

K-1201 Compressor 12070 461.1 1300 316L SS 3708.5

A-1300 APU 83 kg/h expected salt removal duty 4019.3

c
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Table 6 Details of the investment cost of the SO, recovery and
liquefaction process

I

Direct Costs

Purchased equipment installation

Piping (installed)

Buildings (including services)

Service facilities (installed)

Indirect Costs

Construction expenses 6.586

Contractor's fee 3.293

Total indirect costs 21.404

Working capital (WC) 11.196
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Table 7 Details of the production costs of the SO, recovery and
liquefaction process

Item Cost (million $)
Variable costs
Raw materials (Flue gas) 0.000
Operating labor 0.035
Operating supervision 0.005
Utilities 17.352
Maintenance and repairs 5.682
Operating supplies 0.852
Laboratory charges 0.005
Royalties 0.000
Catalysts and solvents 1.004
Total Variable costs 24.937
Fixed Charges
Taxes (property) 0.000
Financing (interest) 0.000
Insurance 0.947
Rent 0.000
Total Fixed Charges 4.939
Plant overhead, general 3.434
Manufacturing cost 29.317
General Expense
Administration 1.145
Distribution & selling 1.868
Research & Development 0.374
Total General Expense 3.387
Total Product Cost Without Depreciation 31.338
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Fig.4 Changes in annual revenue, annual production cost, and annual
profit as a function of annual production capacity (for a liquid SO,
price of $400/ton)
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