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Abstract

One of the newest methods of waste management is benefiting from Received: 20 April 2022
thermal plasma technology in gasification. Plasma gasification is a Accepted: 5 September 2022
complicated process that requires much research. Plasma technology, Page Number: 110-120

meanwhile, can meet the energy and waste management needs of several
communities, but the experimental study is not always feasible. In this
study, an Aspen Plus model based on Gibbs free energy minimization is
created in order to assess municipal waste and biomass as feedstocks.
After validating the model, important parameters were examined which
showed that increasing the amount of municipal waste in the feed can
help improve the quality of syngas as the product of this process. The best
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steam to waste ratio for generating the highest amount of hydrogen Key\_NOrds'
production was obtained 2. It was also observed that the effect of Gasification,
steam-to-waste ratio on hydrogen production decreases with the increase Aspen Plus,

of temperature above 800 degrees Celsius, and the increase of Thermal Plasma,
temperature in low steam-to-waste ratios has a greater effect on Synthesis Gas,
the amount of hydrogen production. Simulation
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1. Synthetic Gas
2. Slag
3. Tar
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1. Process Flow Diagram
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Table 1. Characteristics and structure of wastes used.

Elements Biomass(Wt%) MSW(W1t%)

C 37.6 76.23
H 4.2 5.22
) 31.8 8.02
N 0.2 2.31
S 0.2 1
ASH 26 7.22
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Figure 1. Process flow diagram created in Aspen Plus software.
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Table 2. Relative error values for synthetic gas species.

Component Janajreh This model Relative error
H, 29.64 29.70 0.002
CO 38.39 35.70 0.075
Co, 0.05 0.08 0.375
H, 7.76 7.74 0.003
N, 24.12 25.90 0.069
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Figure 2. Comparison of experimental data with created model.
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(\&-Y) i 9 s 9 3w 0 ) leud — PIETTENeY Jw = glyal (Sead wdyo A puins




SeaSgige 025 9 (hoskee (RS 5 wmSlg0 S Gl g
DS 8 el o SThss (oS 5 eelal e b oS 295 e
i Sl g Loxul 55 oniaST (639)9 e Gl
Sg- oo Sael &5 Cunl (39,00 g e (FF g wiile la 25Ty
Sl ez g was Cewd Sl 093 ()l )1 s 5B
5 (0) Lo St (los Dolis boee 098 o0 wnSl53 005 35
Sl (5 dlown JLSLos )3 (05 fdn jlade 925 oty (F)
993l (BLS i gm (sl oninnST jlade 955 o0 crge oS
3 el ol 95 e wdgi nSTe0 (S (65 Hladke (lpliy
Sl 0081 e ol (8) US40 il oanline L5 () S
9o s 45 Sl (SLS (155w Lo STy 69ty

S 3gi (6 ydan dg,y b awnSTgo S

——H2

60

50

B
o

Molar fraction(%6)
w
o

N
o

10

R A A A

——CO

3 L e A B AR §
S 9,5 Gy (g Sty 5L il b oS 0nl ln
el oni ST oL pyolie a5 o sl eyl o0ieaST i
9 955 deSlg3 ()5 aile GlaslHS ae slagls adgs
Sl amd oo s Sl 052 (Gl A5 g B iz e
A Ggendis A0 V0- 98T, (sles S (pl (o 2
S 5 Sl gl lewdly il 0l 8 o 4T s ad S
DS oo s VB oY 5l aileng 4 Caslsn >l jo a8 saslS]
43S Sl 50 ) g+ [0 dilews & 0395y S 93 sl Sl
el oaalie JoB (F) 5 (0) oS jo ol jay gl a5 ol
S Sl (pl 28l 0 Gl oo poa 99 dulio Sl aS page BT

g Sl o Lo ) B0 ) G b dilony it ol S

= CO2

0.1 0.2 0.3 0.4 0.5

0.6 0.7 0.8 0.9 1.0

Air to waste ratio

10yl ys (5 e dilacy 4 00 §3Cuas ) Canenh (5 y3 (5 i JIS (5130 y wilacay ds 198 Caseas il 0 Jsud

Figure 5. Effect of air on syngas’s components with biomass to MSW ratio equal to 0.5.
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Figure 7. Effect of steam to waste ratio and temperature on hydrogen production with biomass to MSW ratio as 0.5.
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Figure 8. Effect of steam to waste ratio and temperature on hydrogen production with biomass to MSW ratio as 1.
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