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Hoje aF FEkE H7ES] 50% oS Aeh, GAEAE sk T2 A1C® A)EE T gt o]
23t BAE dlldst] 8l Hold> 47, vwis, 71A1d Mg 5o W o E AElEa Qo PRI v A
FOoE g, o BAS wiEdts sHAF EAIS SN Sk AR A o A W
He 8l A2 49, F497ks 9 ARl 22 FE8 Ao R AL S Qe w2 A7eME Co,
ZIRbel|A] Hlofhg: S| ARsliste] aeEe HyE ik 3788 ARSIt ARk 3748 th 3WAlE ¥
ok, AA, XY @ Holdg co, 71Nk 3k Ni/Sio, Fvll a8 Wks-2 Fall 7k 9 QESA-E ARSI EA,
AE AERE ARAA DEdl 1ES9] R oz AARESItE nixete ®  FAI7EAE WGS (Water-Gas-Shift)
4l PSA (Pressure Swing Adsorption)s &3l 1552 H,2 A3} 2 AollM= Aok 2749 dusl d4E o
HEAIRQD sl 271”1 71 N, 718 Gl A¥e} vmaigict. AlEeold A, ol 500 kghs GE3l Al N, 7]
oM 2,933 kmol/he 1% H,E, CO, 7WHlME= 3.605 kmol/h &) 1525 HE A4t 753tk O, 714t o]
W Gisfellx] co Ato] FE o] HFAH 0 H, Aite] SuiE At =&t et Hold 4wl Al COo,
ZekelME 3 4 FelA wiEEE CoE A F EE3ho s, N, 7R dEsle] vl Cco, MiEE-S 89.8%
Y 5 39lth AT AHE viEe R CO, 7oA ] ARl L Holg Alggy HEY] AFAA 4 A
Aolehs HEE 2% 4 ol 3o R JdiE

Abstract — Fishing net waste (FNW) constitutes over half of all marine plastic waste and is a major contributor to the
degradation of marine ecosystems. While current treatment options for FNW include incineration, landfilling, and
mechanical recycling, these methods often result in low-value products and pollutant emissions. Importantly, FNWs,
comprised of plastic polymers, can be converted into valuable resources like syngas and pyrolysis oil through pyrolysis.
Thus, this study presents a process for generating high-purity hydrogen (H,) by catalytically pyrolyzing FNW in a CO,
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environment. The proposed process comprises of three stages: First, the pretreated FNW undergoes Ni/SiO; catalytic
pyrolysis under CO, conditions to produce syngas and pyrolysis oil. Second, the produced pyrolysis oil is incinerated
and repurposed as an energy source for the pyrolysis reaction. Lastly, the syngas is transformed into high-purity H; via
the Water-Gas-Shift (WGS) reaction and Pressure Swing Adsorption (PSA). This study compares the results of the
proposed process with those of traditional pyrolysis conducted under N, conditions. Simulation results show that
pyrolyzing 500 kg/h of FNW produced 2.933 kmol/h of high-purity H, under N, conditions and 3.605 kmol/h of high-
purity H, under CO; conditions. Furthermore, pyrolysis under CO, conditions improved CO production, increasing H,
output. Additionally, the CO, emissions were reduced by 89.8% compared to N, conditions due to the capture and
utilization of CO; released during the process. Therefore, the proposed process under CO, conditions can efficiently

recycle FNW and generate eco-friendly hydrogen product.

Key words: Waste-to-energy, Fishing net waste, Pyrolysis, Carbon dioxide, Hydrogen
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Fig. 1. Overall flow diagram of the fishing net waste pyrolysis-based hydrogen production process under N, condition.
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Fig. 3. Overall flow diagram of the fishing net waste pyrolysis-based hydrogen production process under CO, condition.
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Reverse water-gas shift reaction

jmm———————
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(b) CO, pyrolysis
Fig. 4. FNW pyrolysis mechanisms under CO, condition.
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Fig. 5. Process model of the fishing net waste pyrolysis-based H, production process Aspen Plus V11.0; (a) under N, condition; (b) under CO,

condition.
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= 98 U=+ steam®] -2 S/CO (Steam/CO) ratios 7152
Table 1. Proximate, ultimate analysis of the pretreated FNW
Parameter Value Unit
Moisture 0.0 %
. Fixed Carbon 0.3 %
Proximate X
Volatile Matter 99.7 %
Ash 0.0 %
Carbon 85.7 %
Hyd 14.3 %
Ultimate y rogen ’
Nitrogen 0.0 %
Oxygen 0.0 %

Table 2. Composition of the syngas under N,/CO, conditions

Pyrolysis gas under Pyrolysis gas under

Component

N, (mmol/h) CO, (mmol/h)
H, 77.15 38.50
(6(0) 0.55 57.85
CH, 9.40 8.95
C,H, 20.20 18.40
C,H, 7.65 6.40
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Table 3. Model design parameters of the proposed models

Equipment Description Aspen model
Temp 35 C
Pressure 1.013bar
Washer Water to FNW ratio 1:1 Swash
Liquid-to-solid mass ratio 0.05
Temp 35 C
Shredder Pressure 1.013bar
Reduce the size of FNW to less than 3mm
Pressure 1.013bar
Superheat 40 C
Temp 600°C
Pyrolysis Pressure 1.013bar
N,, CO, FNW pyrolysis
Temp 600 C
Combustor Pressure 1.013bar
AFRratio: 1.2
Temp 210 C
LTS Pressure 8.7bar
Steam-to-CO ratio : 3.0

Temp 40 C

Crusher

Dryer Dryer

RYield (Reactor)

RStoic (Reactor)

REquil (Reactor)

Pr;gfﬁss Pressure 8.7bar Separator
P Capture efficiency : 90%
Temp 40 C
PSA Pressulje 8.7bar Separator

H, purity : 99.999%
H, recovery : 79%

27431 TE. S/CO ratiodt WES-oll AFEE] &= steam®] %2} CO2
Ook/] HIEE, AFEE 0 F 247 A3, o] 7)ol wa}, & A+
o A= LTS HEg-of] AFE-E 1= steam®] 32 32] S/CO ratio™ A
;ﬂg]_oir/]_

upA ko 2 3155 H, -2]E 913 PSA @I Seperator B3-S
AREFLO M, PSAE F3F H, 3582 79%% A7 SIITH 18], W&
o] vt off-gast combustorZ 5017} AR E AMLEH T TS
TARCE 525 CO, 7Rt Flod dwsl g ] - oa%gﬂ%

A @ WGS T oA HHEE]’_ (0[0=; EZ] 3= A+ Separator
RS Al on) THES 90%E AT 18]. Aekst &
7 Bl A 2712 Table 33 2T},

I
1z

4. 20t 3 =2

A7k F5rol whet solge] el Ak, & 7S
A7) el 9 ARKE S s Bgsto] 5147k el
e A}eﬂqﬂ?—é AL 71 700 ek 3 9 Akl
AL Nz, A AR CO 247t AFeISieh, 1ol
% 71 AH%M?E Astol A7k FRel WE H, YN

ul w3t

41. AR 1: N, 7[9F H3}

HAGE N, 7]kl AN 49, FA7F 14.6% (CO
0.027 kmol/h, CH4 0.452 kmol/h, C,H, 0.973 kmol/h, C,H, 0.368
kmol/h, H, 3.693 kmol/h), EE—%H 85.4%2] A7} ¥ &5}
=gt A GiEal o] A4 DAlelA 3,876.9 kWe] Aellyv=] &
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Table 4. Specifications of the streams in the proposed process under N, condition (case 1)

Stream Fishingnet Purge gas (N,) Pyrolysis gas Pyrolysisoil WGSin ~ WGS out PSA Off-gas Air  Combust out
waste (101) (201) (204) (205) (305) (306) (402) 404y (501) (502)
T(C) 35 35 600 35 35 210 40 40 35 600
P (bar) 1.013 1.013 1.013 1.013 1.013 8.7 8.7 8.7 1.013 1.013
Flow rate (kg/h) 500 664.9 1,164.9 418.8 717.9 727.9 5.8 723.0 7674.2 8,105.7
Component (wt%)
CH, - - 0.43 - 1.00 1.00 - 1.00 - -
C,H, - - 1.56 - 3.74 3.74 - 3.77 - -
C,Hy - - 0.58 - 1.51 1.52 - 1.53 - -
H, - - 0.23 - 1.02 1.02 100 0.22 - -
CO - - 432 - 0.09 0.02 - 0.03 - -
CO, - - - - - 0.11 - 0.12 - 16.58
N, - 100 57.88 0.02 92.64 92.58 - 93.19 76.7 72.60
0, - - - - - - - 0.00 233 3.71
H,0 - - - - - 0.01 - 0.15 - 7.11
Oil - - 37.52 99.98 - - - - - -
3l el T3] He 5 STk ol % A E 7k F Co kwel defuA)7h Z e skgitt, ths o2, A&l 214 B WGS
2 B89 F/H102 H,E AN WGS B, N, /ISl A o) % 23184 keho] COZH IS 2 b 5] A}
ol Ao CO7t A% YA o] WGS BAE £3F 71 H, 5= ol §og 283k 54 71nk co, A L 4.1 MY/
ko] wimlslgict. 71 A3, N, 7|9kel| A o Al_keh uls 283k kgCO0,9] oA 5 2| gtch22]. webA] viEH COo,5 E-8hH=
24 sl RS Foll F 2.933 kmolhe] H,E WAL 4 9L #190] % 2,638.2 kwe] Aol Be R 0T R (23], ARah

ATh. Table 4= N, 7|RkelA 8] Hojg dia 374 W 5552
d& VR

4-2. AR 2: co, 7|8t Hn}

CO, 7|Rtol| A Ai-a)) A} g 7h2 22.7 wit (CO 2.783 kmolh,
CH, 0.429 kmol/h, C,H, 0.884 kmol/h, C,Hy 0.307 kmol/h, H2
1.838 kmo/h), G230 77.3 wi%eZ} A= Qleh. d8s)e) A=
3 AA A 2 v eSS ®, CO, 7IREA CO2) &2 0.027
kmol/hol| 4] 2.783 kmol/h© = 1008 o1’ F7FaF3ltt. o= A7}
22 FY Cco7b dal whg-ol Fofdto] Fig. 4°] RWGS
(Reverse Water Gas Shift) HF-5-= -8} o] 7142l COE
K7 WRolck, el A E AR 0] Ak vl 4] 3,681.8
kW2 deUAE D& 5= Ut o sl 2 olr= 3714

A Al A HoAE FHlojd sl 9 co, 23 #ell
o] R AU o F A H 7k W) COE WGS vt
= B3l 96%°] MEEE HE FUHO0E At 7bsgion, 1
Az} Atd FHL 53 3.605 kmol/he] H, 2 AL 4= Q19ic)
T3, Aok F oA A8 CO,= 2,318.4 kg/hd ol vEs) o]
W AR o] H 23 CO,= 1,049.6 kg/h=, 571491 €O, 79 9L
o] FAo] 4 7k &RlskIth Table 5% CO, 714kl A 2]
o d¥a 34 ) EE59] A4S ekt

4-3. ARl 1 & 2(N,, CO, ZR H|w M

7k Al el WGSHHA] A5 g7k 224 A vk Fig. 67 2T
WGS W] 4 o AiEslE 3 Hy, COSJ AT N, 7HkellA
H, 3.693 kmol/h, CO 0.027 kmol/h, CO, 7]WFellA] H, 1.838 kmol/h,

Table 5. Specifications of the streams in the proposed process under CO, condition (case 2)

Stream Fishingnet  Purgegas  Pyrolysis Pyrolysisoil WGSin WGSout CO,capture PSA Combustout CO, capture Captured
waste (101)  (CO,) (201)  gas (204) (205) (305) (306) (404) (406) (502) (503) CO, (505)
T(T) 35 35 600 35 282 210 40 40 600 600 358
P (bar) 1.013 1.013 1.013 1.013 8.7 8.7 8.7 8.7 1.013 1.013 1.013
Flow (kg/h) 500 1,049.0 1,549.0 416.5 1,3304  1,3304 175.6 7.3 7,832.4 6,580.4 2,318.4
Component (wt%)

CH, - - 0.44 - 0.52 0.52 3.92 - - - -
C,H, - - 1.58 - 1.86 1.86 14.10 - - - -
C,Hq - - 0.59 - 0.69 0.69 5.25 - - - -

H, - - 0.24 - 0.28 0.68 5.17 100 - - -
CO - - 498 - 5.86 0.24 1.81 - - - -
CO, - 100 65.28 0.20 79.60 88.43 66.99 - 17.76 2.11 100

N, - - - - - - - - 71.46 85.05 -

0O, - - - - - - - - 3.44 4.09 -
H,0 - - - - 11.19 7.58 2.74 - 7.35 8.75 -
Oil - - 26.89 99.80 - - - - - - -
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