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ABSTRACT This study investigated the utilization of waste forest biomass in South Korea by producing biocrude-oil and syngas
through gasification. The physical and chemical properties of the biomass were analyzed, and computational fluid dynamics (CFD)
simulations were conducted to optimize a 1 kg/h biocrude-oil gasification reactor. Results indicated that the biomass had high volatile
content and calorific value, making it suitable for biocrude-oil production. CFD analysis revealed that an oxidizer flow rate of 11
L/min ensured optimal bio-oil atomization. Simulation of the gasification process conducted at equivalence ratios of 0.2-0.4 and a
reaction temperature of 1,273 K produced syngas compositions consistent with those obtained in other studies, thus validating the
computational model. Overall, these findings contribute to sustainable energy development and carbon neutrality by enhancing the
utilization of waste forest biomass in South Korea. Future research will integrate this model with experimental validation to improve
its accuracy.

Key words Gasification(7}2~3}), Waste forest biomass(1]©]-8 A& u}o] @A), Biocrude-oil(H}o] 24-§), Computational Fluid
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Table 1. Forest area by province in South Korea
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Classification Forest area (ha) Table 2. Economic comparison of biomass gasification and
ool 15.335 biocrude—oil gasification®®
Busan 34,892 Biomass Bio—oil
Daegu 94,996 gasification gasification
Incheon 39,074 Gasification conditions
Gwangju 18,926 — Temperature 870°C 1200°C
Daejeon 99.738 — Pressure 28 bar 20 bar
Ulsan 67.932 — Mass ratio of oxygen 0.96 042
to feedstock ’ ’
Sejong 24,779
— Mass ratio of steam to
Gyeonggi 508,788 feedstock 0.17 0.2
Gangwon 1,365,746 Gas composition (mole basis)
Chungbuk 487,678 — Water (H:0) 19.4% 91.5%
Chungnam 402,680 — Carbon monoxide (CO) 24.1% 36.2%
Jeonbuk 440,071 — Hydrogen (Hs) 20.0% 32.7%
Jeonnam 685,892 ~ Carbon dioxide (CO») 27.2% 9.6%
Gyeongbuk 1,286,222 ~ Methane (CHy) 5.5% <0.1%
Gyeongnam 698,316 — Other 3 8% C0.1%
Jeju 86,960 7
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Fig. 1. Waste forest biomass in South Korea

Table 3. Analysis results of waste forest biomass

‘ Hardwood Softwood
Proximate analysis (wt. %)
— Moisture 1.24 1.24
— Volatile 87.88 86.37
— Fixed carbon 9.81 11.45
— Ash 1.08 0.95
Ultimate analysis (wt. %)
— Carbon 44 .46 43.77
— Hydrogen 6.41 6.04
— Oxygen 48.35 49.35
— Nitrogen 0.78 0.83
— Sulfur - -
Calorific value (kcal/kg) 5,000 4,860
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Fig. 2. Thermogravimetric analysis of waste forest biomass
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Table 4. Biocrude—oil gasification reaction’®™""!

Reaction

CHi.9900.89 — 0.66CO

Tar crackingm'ﬂ
+0.23H20 + 0.765H, + 0.34C

Boudouard reaction™™ C+ COy —) 2CO
Water—gas reaction™ C+ HO —) CO + Hy
Hydro gasification® C + 2H, —> CHy

Carbon partial reaction' 2C + Oy —) 2CO

Oxidation reaction #1” CO + 0,50z =) CO»
Oxidation reaction #2'° H + 0.50; =) H:0

CHy + 1.502 —) CO + 2H30
Water—gas shift reaction™ | CO + H,0 (> CO» + Ha
Steam-reforming reaction® | CHy + H.0 (=) CO + 3H,

Oxidation reaction #3
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Table 5. Specifications of biocrude—oil injection nozzle

Cross section area of
air orifice

1.217 mm®

Cross section area of
liquid orifice
0.386 mm”

XA—-SR250

g -

Fig. 3. Biocrude—oil injection nozzle
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Fig. 4. Computational grid for biocrude—oil gasification reactor

Table 6. Boundary conditions for biocrude—oil gasification
simulation

Conditions

— Constant gas flow rate (9—13 L/min)

Oxidant Inlet
Xidant tniet | _ Constant temperature

Biocrude—oil | — Constant biocrude—oil feeding rate (1 kg/hr)

Inlet — Constant biocrude—oil temperature
— Constant pressure
Outlet .
utie — 0 Pa (Atmospheric)
Wall — No—slip condition

— Adiabatic

60 - xHAof|AX]|




o

| sbaleh wlol 09160 B9 FHe QLR U
e st B HoleUfel =
Tgstom Askle] £ AAG UL £E3] 915t

5_7{] S 9-13 L/mino =

1A
Jo
e}

rlo
H
=
i

~
B

oz & f N

'—g-'—?:'rﬂ,

S
s %bﬂ*H 7}*§} 6H A& 2351t 7}
A3} RS 1 973 KO B 1AL St 7]

Bl ¥He-2%= 450 COM u]o]él Ab)utol Quf Az
El Hpo| e AR[E Arleigint. ik violedwe| &
-3Fst4 E44L Table 79 x%a]gq olom X Al
A g-5to] uol 2. AR HAL 9l 728} vk 4]
. 53], vlo] e fo] AaiA] A uhg
BANE mEFGom, oS Bgdte] 7hAst kg

R(Equivalence Ratio) 271 AFSHA| FF#S A4t

o e > © 4 &
o
mlm
>~l

= f gy
o2
_O|L
R
T3

o Lo
R
L2

Fig. 5. Waste forest biomass transportable pyrolysis system

Table 7. Analysis results of biocrude—oil

Properties

Biocrude—oil

Ultimate —C:42.6%, H:7.0%, O : 50.4%
analysis — Molecular formula : CHj 9900,89
(dry base, wt%)
Total N, 0, H HO, C(S), CO, GOy, CH, Tar
components
Biocrude—oil Biocrude—oil
LHV 14.5 Density 1,200
(MJ/kg) (kg/m’)
Biocrude—oil Biocrude—oil
Viscosity 70 Particle size 0.7
(cP) (mm)
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