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Application of Supercritical Water Oxidation to the Effluent Containing Unreacted Organic Compounds
from the Supercritical Water Gasification Process of Biomass
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A process calculation based on chemical thermodynamics and mass and heat balances is
conducted for a new process of supercritical water biomass gasification, where the effluent
containing unreacted organic compounds is processed with supercritical water oxidation, and the
heat of oxidation is utilized to heat biomass feedstock. Partial oxidation is also applied so that
rapid heating of the feedstock is attained. Although incomplete gasification and partial
oxidation results in reduction of the available heat of biomass, by utilization of heat of oxidation,
large temperature difference that enables effective heat recovery is attained. This large
temperature difference is expected to realize higher heat exchanger efficiency. Process
simulation was conducted for the proposed process, and energy efficiency was calculated.
Energy efficiency of 69% is obtained on primary energy basis. When electricity consumption at
activated sludge process is included, an efficiency of 48% is obtained.
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Fig. 1. Proposed supercritical water gasification process with partial oxidation and

supercritical water oxidation of wastewater.
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Table 1. Composition of water hyacinth (dry weight basis)

C H 0]

N S ash

0.411 0.0529 0.2884

0.0196 0.0041 0.224
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Table 2. Process variables for the proposed process.

Pos- biomass H, CH, CO CO, HO O, N, ash T P h H
tion fvd] [vdl [vdl [vd [vd [vdl [vdl [vd [vd [KI [MPa] [kd/ke] [MJ/d]
1000 0000 0000 0000 0000 15667 0000 0000 0224 300  O1 11266 17650

—

2 1.000 0000 0000 0000 0000 15667 0000 0000 0224 300 0.1 112.66 1765.0

3 0050 0000 0000 0000 0000 11867 0000 0000 0.000 300 0.1 112.66 1336.9

4 0950 0000 0000 0000 0000 3800 0000 0000 0224 300 0.1 112.66 4281

5 0950 0000 0000 0000 0000 3800 0000 0000 0224 300 0476 113.01 4294

6 0950 0000 0000 0000 0.000 3800 0000 0000 0224 423 0476 632.25 2402.6

7 0950 0000 0000 0000 0000 3800 0000 0000 0224 423 0476 632.25 2402.6

8 0950 0000 0000 0000 0000 3800 0000 0000 0224 300 0476 113.01 4294

9 0950 0000 0000 0000 0.000 3800 0000 0000 0224 300 25 135.38 5144
10 0950 0000 0000 0000 0.000 3800 0000 0000 0224 523 25 1087.33 4131.9
" 0000 0000 0000 0000 0000 0000 0243 0915 0000 300 25 135.38 0.0
12 0950 0000 0000 0000 0000 3800 0243 0915 0224 523 25 1087.33 41319
13 0855 0000 0000 0000 0143 3845 0000 0915 0224 823 25 3339.28 128403
14 0086 0018 0211 0006 0.757 3367 0000 0915 0224 823 25 3339.28 112421
15 0086 0018 0211 0006 0757 3367 0000 0915 0224 300 25 135.38 455.8
16 0086 0018 0211 0006 0757 3367 0000 0915 0224 300 0.1 112.66 3793
17 0000 0018 021t 0006 0.757 0000 0000 0915 0000 300 0.1 112.66 00
18 0086 0000 0000 0000 0000 3367 0000 0000 0224 300 0.1 112.66 3793
19 0086 0000 0000 0000 0000 3367 0000 0000 0224 300 25 135.38 455.8
20 0000 0000 0000 0000 0000 0000 0438 1646 0.000 300 25 135.38 00
21 008 0000 0000 0.000 0.000 3367 0438 1646 0224 300 25 135.38 4558
22 0086 0000 0000 0000 0000 3367 0438 1646 0224 793 25 323848 109028
23 0000 0000 0000 0000 0.129 3407 0219 1646 0224 913 25 3601.28 122708
24 0000 0000 0000 0000 0.129 3407 0219 1646 0224 603 25  1491.58 5082.3
25 0000 0000 0000 0000 0.129 3407 0219 1646 0224 3713 25 429.93 1464.9
26 0000 0000 0000 0000 0129 3407 0219 1646 0224 300 25 135.38 461.3
27 0000 0000 0000 0000 0129 3407 0219 1646 0224 300 25 135.38 461.3
28 0000 0000 0000 0000 0.129 3407 0219 1646 0224 300 0.1 112.66 3839

Table 3. Energy efficiency of the proposed process.

Energy input [GJw/d] Energy Output [GJw/d]
Heating value of biomass 16.00 Heating value of product gas 14.35
Electricity
Biomass feeding 0.33
Air compression 3.83
Compressed air feeding 0.69
Total efficiency 14.35/(16.00+0.33+3.83+0.69) = 0.688




