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Techno-economic and environmental assessment of a novel hydrogen
production system based on complementary coal and biomass

gasification technology
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(School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Gasification technology is one of the core processes in coal-based hydrogen production systems, and in this research, the co-
pyrolysis behavior of coal and biomass was investigated through a vertical tube furnace, and a novel hydrogen production system based on
complementary gasification technology of coal and biomass was proposed. The synergistic effect of coal and biomass co-pyrolysis
promotes pyrolysis gas generation and improves the gasification efficiency. Biomass with lower combustion energy grade supplies heat for
the gasification reaction, which improves the grade matching between gasification and combustion reactions. In addition, the use of
carbon-neutral biomass fuels for complementary gasification technologies can significantly reduce carbon emissions. In this research, the
novel and reference systems were simulated using Aspen Plus software to evaluate the performance of the novel and reference systems in
terms of thermodynamics, carbon emission and economic feasibility. The results showed that the synergistic effect of the pyrolysis process
was most significant at a biomass blending ratio of 0.25, and the energy and yield efficiencies of the novel system were higher than that of
the reference system at 76.82% and 64.56%, respectively. The carbon emission of the novel system is 1.12 t/h, which can significantly
reduce the carbon emission relative to the conventional coal-water slurry hydrogen generation system. The DPP, NPV and cost of
hydrogen production of the novel system during the whole life cycle are 3.41 years, 269 535.58 k$ and 1.37 $/kg, respectively, which have
good economic benefits and application prospects.
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Table 1 Industrial and elemental analysis of Inner Mongolia

lignite and pine wood
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Fig.1 Diagram of pyrolysis experimental equipment
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Table 2 Difference between experimental and calculated

yields of samples with different pine blending ratios
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RIS 4 % 9.96 467 1147 1674  28.77
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Fig. 5 Process flow diagram of novel system and reference system
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Table 3 Main operational parameters of novel system and the

reference system
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Table4 Comparison of simulation data with literature data
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BRGNS H RGN R R R e A
RBP4 0 5 TR 6 iR . B R Gy Ak
HACRIAF 76.82%, KKK EASH RGN A
RERACR N 63.71%, I RS H, ;=N 0.87 kg/s,
MK ST RS % R 50 Hy 77 54 0.80 kg/s.
WA, FRRGEMBERSCRM H, s T2 % R
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E2EFAK. HitL, fRESCRNERET FERE TR
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R H A R G0 B RE R AR .

®5 WERGESSERFNRESNER
Table 5 Energy analysis results of novel system and

reference system
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Fig. 6 Energy efficiency of novel system and reference system
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Table 6 Exergy input composition of novel system and

reference system

i H BRARG WRESEZERG

WAL (kg - s™) 4.10

PRI (kg +s) 3.75 6.23

A A=Yy I RE B A /MW 62.94 —

B RE BT A /MW 95.06 158.00
SBE R A /MW 158.00 158.00
B A S BE R/ MW 145.50 112.86
PSARRERE/MW 26.02 6.12
IRRFCHLL H /MW 19.44 4.52
VRGP R L i /MW 5.17 12.10

BHHLIE MG & B /MW 2.60

B i B HL AR/ MW 19.20 12.49
R LR /MW 8.00 4.13
H,/" /MW 0.87 0.80
H,fig 4 /MW 104.60 96.54
FET R (kg ¢ 57 0.23
P e /MW 8.77 —
ISR % 92.09 71.43
Tl E R % 66.20 61.10
RER T bR
AHECR % 7127 63.71
BAEERR % 76.82

ERIUEY R 5% R

WA

JHA A /MW L A5/% JHTA /MW LAl /%
LAY/ 87.80 46.55 — —
R I 100.83 53.45 167.59 99.90
=5 — — 0.02 0.01
7K — — 0.16 0.09
Bt 188.63 100.00 167.76 100.00

R7 HERGZES5SIERGHAE L AR
Table 7 Exergy output composition of novel system and

reference system

3.2 MREITLE
XHTR RGNS Ze AT, bl
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i

T H /MW L A5/ % I /MW A5/ %
H, 104.27 55.28 96.25 57.38
Wil 8.18 4.34 4.13 2.46
FEI 9.33 4.94 — —
Bt 121.78 64.56 100.38 59.84
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Table 8 Exergy loss composition of novel system and

reference system

ARG Iy & =X
mH
HBI/MW LBl BEHR/MW %
EA 1.38 0.73 1.09 0.65
Co, 3.95 2.09 6.44 3.84
N, — — 0.38 0.23
S 3422 18.14 32.64 19.45
ASU — — 3.55 2.12
ORC 0.63 0.33 — —
WGS 7.79 413 8.58 5.12
PR 0.19 0.10 — —
e 7.90 4.19 3.14 1.87
FEIh A B 0.08 0.05 — —
IRREBHLARS 8.58 4.55 1.87 1.12
PR ELHL 0.07 0.05 — —
RN RS 1.82 0.96 9.50 5.66
PSA 0.23 0.12 0.17 0.10
Bt 66.85 35.44 70.69 40.16
I [ s
80 - 3544 40.16
N
5 60+
E
40+
64.56 5984
20 b
0
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Fig.7 Exergy efficiency of novel system and reference system
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Fig. 8 Exergy destruction distribution of subsystems in novel

system and reference system
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Fig. 9 Carbon flow diagram of novel system and reference
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Fig. 10 Carbon emissions of novel system and reference system
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Table 9 Basic assumptions of economic analysis

ZH izl
HZAER/a 1.00""
IBATAERR /2 19.00""
AESB AT 1H] /h 7000.00"”

W L (iges) % 10.00"”
AR L M, ($ - GITH) 432"
PERIEMNH (S GI7) 270"
Tl K7 (8- ¢1) 050"
COLfifitititts/ ($- 1) 16.20%"
BB/ ($ - MWh™) 129.80""
AR (5t 3000.00""
BB ($- 1) 120.00%
I T A A 6% B
AENTIAR 4965 F HE

K10 HRESSERGENFETHAR
Table 10 Composition of annual expenditures for novel and

reference systems

AR 3 ALK BRI RS R ES %R
PEBEIRS 6468.25 10 749.95
AR /K$ 6851.92 —

Tolk 7Kk /k$ 124.74 120.21
CO,fi#if#/k$ 3505.56 5719.02
AEIBYEINAR kS 5733.25 5 883.48
AN T AR /KS 3822.17 392232
3t/ks 26 505.88 26 394.97
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xR11 FRESSUERFEHEBNER
Table 11 Composition of annual revenues of novel and

reference systems

AR ZH K FALRGE R EAS% RG
H,/k$ 65 394.00 60 390.96
1 /k$ 7 268.80 375252
£h/ks 710.64 —
SRS 73 373.44 64 143.47

® 12 FRHESSILRFEHEFIETNIER
Table 12 Economy evaluation indicators of novel system and

reference system

LR bR LR SE BRI A Z% R Gt
Cre 0.117
D/a 3.410 4.160
N/k$ 269 535.580 197 913.840
Cu, /(5 - kg™ 1.370 1.700

BRI R G557 RSB ARl 11 B
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T e
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Fig. 11 Equipment capital expenditures for novel and reference

systems
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