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A LCA approach of the bio-hydrogen refinery technology using HAS-Clay

DOWAKI, KIYOSHI
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In this study, we focused on the production of bio-hydrogen (Bio-H2) through
the indirect gasification process from the view point of environmental impacts. In particular, the
various adsorption tests on the refinery of hydrogen were conducted using in use of multiple

components of Hydroxyl Aluminum Silicate Clay (HAS-Clay) and/or a natural material (Kanuma Clay).
Based on the results, the combined adsorption mechanism of Kanuma Clay and HAS-Clay for
desulfurization performance was examined, and environmental impacts of "global warming potential
(GWP)" and "abiotic depletion potential (ADP)". It was found that this scheme can reduce GWP by 12.
3% and ADP by 99.9% against those in a conventional Zinc Oxide (ZnO) case.

HAS-Clay



Bio-H: Bio-
H:2
H2 FC
Young LCA
1)
LCA
Bio-H:2 2 2-step PSA
23) 1 HAS-Clay Hydroxyl Aluminum
Silicate Clay CO2 2 Zeolite A-5 H2
H2 40°C 0.4MPaG
3 CO2
2-step PSA 1 CO:
COS H2S
4),5) Bio-H:
2-step PSA
(1) HAS-Clay
(2)
3)
(4) Bio-H: LCA
Bio-H> H>S NHsz HCI
FC HAS-Clay
HAS-Clay
LCA
1)
1 HAS-Clay
Bio-H>
HCl  H2S
HCI
1(a) HCI
CaCOs HAS-Clay
Ca 5 CaCOs
600-800°C
HAS-Clay

SiO2/Al203/H20



(&) HCI removal test

Mass flow Controller
/ Thermocouple

(b) H2S removal test

Control valve

Mass flow meter

Electric furnace
HAS-Clay / Metal Oxide

Sintered filter

% N Pressure gauge
L Glass wool = Dry gas meter
. ] . H_AS-CIay + CaCO3 Control valve
e - 5 St
- pHmeter i O o
. nggqm Deionized water Ripboniheater
Pressure gauge ~ tirrer Sample bag #1
1
SiO2 Al2O3 H2-0 0.9:1:1
HAS-Clay H:0 CO2
6)
HAS-Clay
3.5-5.0nm
7)
100°C
150°C 200°C HCI 1177ppmv
N2 200mL/min
400mL
398mL 2mL pH pH
HCI 0.5min HCI
30ppmv
Clcap _ Fr x Fracx BT x1/22.4x1/10x 35.45 (1)
M
sorbent
Cl., [9-Cl/100g-sorbent] Fr [mL/min] Frac[ppmv] BT [min] 22.4L/mol
35.45g/mol M grpere [O] Cl
HC1 17ppmv Cl
H2S
1(a) H>S
Ar
90mL/min
1
H2S HAS-Clay
GC-2014, H- - 33.0%
197ppmv H2S
0.05ppmv CO - 10.2%
H2S CHa4 57.7% 4.8%
HAS- N2 4.63% -
Clay 8 40°C 80°C H.S 197ppmv 200ppmv
120°C
CO2 37.7% 12.0%
Ar balance balance




o _ FrxFracx BT x1/22.4x32.07x10

(2)

P M
sorbent
S, [9-S/100g-sorbent]  Fr [mL/min] Frac[ppmv] BT [min] 22.4L/mol
32.07g/mol M gpert [9] Cl H.S
S HAS-Clay
H2S
1
LCA
HAS-Clay
LCA Ecoinventv.3 9) 10)
LCI
SimaPro v.8.3.0.0
HCI
2 2 HCI
HAS-Clay  100°C [°C] HAS-Clay CaCO3
200°C 100 2.02 7.15 0.06
150 4.59 3.30 0.07
HAS-Clay
200 7.16 1.65 0.09
CaCOs * g-Cl/100g-sorbent
SV 4,113 h-1 3 HZS
36,959 h-t 4,628 h-1 CaCOs
H2S 3 4 [°C]
SV 219.2ht HAS-CIay 234 40 9.67x10%
h-1 ’
Zno 300°C SV 80 3.89x10°
2,660 h-1 1.64 g-S/lOO g-ZnO 120 1.65%102
HAS-Clay 1)
HAS-Clay HCI * g-S/100g-sorbent
HAS-Clay 2-step PSA CO2 4 H.S HAS-Clay
HoS [°C]  HAS-Clay
30 3.85%102
2
60 1.03x101
1 90 7.38%102
40°C -
2.14x 102m2/g g-$/100g-sorbent
2.24x 102ma2/g
80°C .
2.31x 102m2/g 120°C e
2.10x 102m2/g 3 oo o o
LCA : ® (o 80°C C

12)
HAS-Clay




18 5

5 HAS-Clay
Has-Clay
Climate change 0.004 17.142 kg COz eq
Ozone depletion <0.001 <0.001 kg CFC-11 eq
Terrestrial acidification <0.001 0.092 kg SOz eq
Freshwater eutrophication <0.001 0.001 kg P eq
Marine eutrophication <0.001 0.001 kg N eq
Human toxicity <0.001 0.989 kg 1,4-DB eq
Photochemical oxidant formation <0.001 0.040 kg NMVOC
Particulate matter formation <0.001 0.030 kg PMuo eq
Terrestrial ecotoxicity <0.001 0.001 kg 1,4 DB eq
Freshwater ecotoxicity <0.001 0.006 kg 1,4 DB eq
Marine ecotoxicity <0.001 0.007 kg 1,4 DB eq
lonizing radiation 0.002 0.222 kBq U235 eq
Agricultural land occupation <0.001 0.174 m?2a
Urban land occupation <0.001 0.103 mz2a
Natural land transformation <0.001 <0.001 m?2
Water depletion <0.001 0.380 m3
Metal depletion <0.001 0.150 kg Fe eq
Fossil depletion 0.009 3.999 kg oil eq
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