b jlow S phas wilowwy (630w 5 g slxol 1 abiols> (6 30w 3 5 (635551 Jommiliy (U 3!

LoDy~ oo 59351, b

f}lglﬂ: )5).9‘4.» ‘rgadba Lo)nm ‘7555‘5}2.7%)93 (s> S0X0 c“_gu\.o."ﬁo‘ Cys>

w0l ! ol s dlsedal ol5T ol&izsls «liis g pole s ( SLilSo cwdige 09,5 ( paass (5550 (semiils )
hasan.amirahmadi@srbiau.ac.ir
m.nobakhti @srbiau.ac.ir (Jgtue odity53) -0yl pl eyl a5 ¢ codwl ol3T olKitils «ciliizes 5 pole axly «SilSe  pwaige 09,5 ¢ Lokl .Y
rezasalehi20@gmail.com .l 1l o5 ¢ oDl ol5T olSils (635 yo ()l a5 9ty «SilSa cmsdigo 09,5 « Lol ¥
Shahrooz.saviz@srbiau:ac.ir .l ! &l s sodbol oljT olSitils «iliims g pgle axly dowsdly G358 Slais 35 0 wliwl ¥

oS
<SSl odle a5 el 1y o bl Jolato (yailjges 5 oy 59,57 083 5 (3lucyg s wiile (s (sl SB9, BWS 52  Sliws o Sl (3Lujl8 a3
Ol )lo (S Sy Sluls ol allie )0 .05 00y dimw 58I gT0lg7 agi jslateds dlol> (g5t 5 5l aiS clo)l ) (oo ; slaslaitew
Jolse 53l Jole g oo wsiyl @ S bl il (i3I el Dl Ve Jaiie sl a5 Lewdlp-lde 5Ll oS, L ol (B 8
sl iz glales ;5 55Lails sl b 5leils ele 5 (5 lppcamdilagalily (2855 i 5o i b ol oo laay Lewdlm ol 5Ll 1551, 5y i
w5 CHy 5 €03 Hy CO £ ol (s5uml8 oaind JoSis slajls woyo g dd (s paic (pmyp 5 Jolos ol 5l alol> 5jl8 5 0 plxl 5lojls 55T,
SIYL Syl 55l des ol j aS s (62T 3lail s oYY 5 ws oYV Gl ani TS 5 4 H, 3 CO a5 i of 5 ciluaz ;0 Voo slos jo 050 F
Sris)l8 oy g Jedo 0 65 Jlws o> ;3 80, 3 NO, H,S aiile slaoan Yl Gimen aslhcass a4 0,55l 1 Jo5Ke AFYD (5508 bl
VA= B Ve glos ol 5o (il J13dla s b wilowy ol (3LulS il (Sisluaghs (ol silode imgly cnl pgs 3B 0 ad ovalis
Joe (Folas &y50a 38l 5 10 39250 sladsile b sl 5 (52 Bl s 100 S SES 1ol (5LslE slaos 13 05 plad (g o) (iloaz
Ol B ead S5 )00 ety99 b s3leil8 S um Connd 5 230 028 @l b as5 i @i L3I w13 3lo e ol ) Jol b o

D8)5 gy o prsd B iy S]]

N el ¢ Sl jlows Wil (63l jI ¢ 3y g’ (65 351 ¢ w3 1 guals wilals


mailto:rezasalehi20@gmail.com

doddio -
Slulbo e )o 6slen sbml Jemily s @ bapliv)lows 55 gads Oluls VAR 5L (oendlesS (g5 51 (Dl (3155 2 Lo
5 Ogaben Yy g oAl b ot 0,95 52 A1 V18 Jlo b Sl culage lojlo el Gabol 2 [V] 5,8 o 1,3 ST s
Sluls ades FoVe Jlo ,o ond iiin comwy byl b sllae [¥] wloas Mics joul 40 ,a5 58 Y8+ s90> 5 (o Coslon 4
LA B I A ERIR R R VR S VS SR LS Be

Tladly 53l 5 T Jglate (pilges cilony (30 5 (50,5 aymnsl) s3logygim b (Sliwjlon wlonsy sloxsl g s Lo 4o
2 odle BE] s @Blos Iom g o) ool (S ool g Jolhtin ailjgm 5 Siloms 588 3g, 90 [Y] 095 o Jlss
Sl 0sdise 5 (85,50 0glll mlie 8 jao Cely widls valys o )0 Slewy sbowl sl by, ol &5 aorecans ; Ol bl
oo e Sts Sl glgililgie GBS wam b sailoas alim 5l g ol (Sl acs cmle Sleys 515 1 sadiass Slals as s VO
0] 59 oo olaols (58 pealy (sllas S, laailonny (nl atis (555 51 (590 0 pie uns

o] ol 5o a5 48,5 IS ayed Blowwy sl (sl 527 LIS 350 Lo 5 il 59 e (i o Lonidly (s5lslS s,
L8] 55 ool ST lasfElagls sl ol 5,518 ol 5l el 00l ns sty 5 Cansl 0353 ol yod (SlodiiSs o5 slacd iy

2 S5 ol B 5| (G L Slals beil 1) sl s o (o o ool ploantisns T8 sslolls
saie L CHy 9 CO, Hy CO Jolss Bowes 5800l 0gd oo o g3 J5 a4 (Qogemdo 450 Qe A +) Yoane YU slalos
(oSSt ol anTb 05 sler ol @3Losls wnl Bl o s S an b 50 slag)So e 5z ke 5 ol (Sl L
IA Y] sl P elsl s B3 Gl & s pm

So gkt Ol plgiee w9 00 ) mlio ;o et oslital Clll mo luls (5Ll wl B bl 5l alols (g 8
2 gl Sl b anws 3i5 ln L] 0 o b a5l 5 Gl 0 0 ndy waas 551 ke 5 Sb ES g
ooy IFA e Glnl 5o pdy oed (295 Cod b AT )30l a8 5 & js0 Glnl 50 53y waes (6551 ple ogas
SlslEe 52V 60,00 b aS e T 51 (Sl VE- 8l @y oniich pai jluileta g ools olazsl sss a1 (65,0 oss
DIV VT 008 L dgab8a o581 cudybo sl VY sl )| e pdy wyass slaolSy i |

53903 &) 5 salr Al ail5 dsy pad o o5 Slailesl 5 (Sboge s Shonlos 1] S0 5 Juoye
pAS Ve 25 LS 4 69,5 Shgm 5 DleskS Ve 0l b peiiies 0l e b (Jgone slodly 551, 51 gy o0l 5o
Sl ol Caws @ duo 0 YAIR o $F/2 YE/D s 5 4wl )8 ool 5l alols gk 5N, g Hy €O polie .ol oolainl celus 5
Ve landly L3893, 50 sl alalsl b wlows 3L 205k php 5 oS 3590 50 Slidos [V ) 1Sen
SoDl 420 30 $yeh Slany (Jyoxs Lawdly (§3Lojl5 S3loon atnaye gy [NF] ghlsan 5 legs atslo juiis
Joe cpl o xsle,l 3 aw) o9 1) Shgs Lo sl ml bes ;o Ladly (g5l Bglidde S daalllas -l o acils oglate
odalive 9 0 (o) 2 (§ 75 S 5 59y 2 Lo SIS 2,1 jelareds oIS (Sl 4z )3 VB g Vele e VO 351, &)l a0
Jos&e £IFQ ¢ #1-Y DTV L plp sy 4 )l (o3l polae Jaw ol 0,5 sl a> )0 YRR Vo8 N0+ glos ;o 050
O 5 5idgily gl 0yl oo Cewd 4% oz (2 2 DlgakeS TYFO 5 YYVO YYOA (609)5 (55,11l Jhlie canSo 2o (iged
3 eolital Glial izsls Jojp 5955 Isilsle S il SIS e Slilen Slals @55 5, iy Dol

! World Health Organization (WHO)
2 Sterilization

3 Conventional Incineration

4 Plasma Gasification

3 Pyrolysis

¢ Reforming

7 Plasma Gasification Melting (PGM)
8KW per kg/s

° Guaatratiguera

19 Sa0 Paulo



@las,Sug) b A3l 3liml jgise oo G s Sln ) Sl len Slald 5l Lewdly (5Ll slaoliiws jl alol> (58
Ol 2o plial g oo saaliv Lidgily IS allislejl lows Slods ) S 50 0 (g sobamdl Plue 5 (Sealiyoge s
RSy i Y8l a5 sl bl (g yn S 5 lewsdly 5Ll ST, b (B Bl heige S oS 5 L oS el 039
Gyl 2o, 2STas ads ISl 5 el o S VAIOA Loawsdly 5Lujl5 Lol 48 el suionls oylas Seabusga s JLuloxigay o8
e S3lomily Doe oS 2t bles 1 salasBl Lo Sl rizmen 018 S92y (SIS Bl jige Lawg 9351 5lis e
Jlo ¥R e he 5 0 0dy O )go Skl (sla g Sl Lo sladllj (s)5lanz 4 pladl aziliz 5 05 walys Jlo 7 (g5LulS
sobiedy (5> b b agsilg Soe )3 alen yiSUl ag jshaiedy s3SI (nl 51 (g o0 &5 ey o0 S5 A (mien BB g walss

YRSV R PN A PWS,
Syngas

Exhaust
Gases

Electricity

Plasma
Gasifier

\ 4
l

A\ 4

Electricity
Distribution
Network

D] lsls 3l 550 5 el gilE (S 5 5k Sslas ) JSs
Fig. 1 Schematic of the combined design of plasma gasifier and internal combustion engine [15]
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Fig. 2 PGM reactor of the current research
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Table. 1 Analysis and review of hospital'wastes (Farhikhtegan hospital) [16]
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Table. 3 Analysis and investigation of gas synthesis at different temperatures
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Table. 4 Analysis and investigation of pollutants at different.temperatures
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Fig. 11 Hot slag removed from the gasifier



Fig. 12 Cooled slag
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Table. 7 Descriptions of modules related to modeling
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Table. 8 Chemical reactions of partial combustion
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Table:'9 chemical reactions of reduction
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Table 10 numerical data of synthesis gas compositions at different temperatures
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Fig. 15 Turbine operating conditions [28]
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Table. 11 results of numerical modeling
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Table. 12 Comparison of numerical and experimental values at,1000°C

CO (%) Hz (%) (MIKGIYL 55, 55, °C Lo
) oIy - AIA=0 Y

Y4/30 Yo/ . AUYE so%e V-
YIYO YIYY £IY (/) a3 ao s

VO



16
14
12
10 . ®
Z 3 hd
T
6
4
2
0
900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
(8 (Sluas 53) bes
Sras B YL S (sl 2,8 g goae laools anslia VY S
Fig. 17"Comparison of numerical and experimental data of high heating value of gas synthesis
Sguilso 0anlive S leie (S s3> 4 gy e 0y 5 (g9 sosls auslie Jloges VA S (o
it s
41
39
37
2
Y 35
g; 33
< 31
29 T
27
25
1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

(IS Sl ax3) b

CO 5,25 9 oue sbrosly dholas VA s
Fig. 18 Comparison of numerical and experimental CO data

G a9 (e -F

oolatul b (KB 18 oyl )low) Sl jlows Slasls g5lugilE ¢ sbxal (g9, p aliZe Sllas @lalos Ol il ingh ol yo
9 Jelo5 9590 0 (s Ol a2 )0 50 Ginlejl e Sl alol> (s S5 Cd S | BNeEs e 2550 L lie 4giST, ]
s S )l o3l e 20058 et Gles sles j2 50 )l saieo St izl e slaao )0 § C8F 15 )
il 25 TS A 3o (nl l ol @l ol 6 S eslal g Oggoar Shibee sles jo 0

Forfe g YV YPIV . polie ol il am 0 YA+ gV F e N eve glalos jo 49551 5l 2g 5 bgloes cuns JSus H, 38
Lol 423,5 595 4y (gogr0 Wi, Hy Jlade 45 w0l oo alax Do Conl ools plaisl g agly cesx>as s

VE[-0 g YAIO Y /AL polae of 5 il az 0 VA e g VFee N eve slalos jo 16351, 51 29,5 bglses cauds JSwsdV, 58
ol 418 )T 093 4y o3 Lo, W9, Ny laie a5 g co alaxDe .ol 00ls plais] 095 i) oz oo )0

Qo3 Y 5 ¥V Y)Y polie of 5 colo a0 YA e g Ve e O eee glales o 95T, 5l 29,5 boglows cains JSd CO 458
ool 48 5 595 4y (g0gr0 Wi, CO Hlais a5 gl oo abaxde .ol 00ld plais] o 4], oze

VIV o AUYO Ve polae ol S ol azy0 VA- e g VFee Neee slales jo 16551, 51 (29,5 bgle cnums |5 CO, 55
el 485 095 4y (G0g20 Wiy, CO; Slade a5 ad oo alaxdo .l 0ols plasl 095 as | ex>an,8

\#



VIFY o VYR AV polie of 5 bl a0 VA e g VFee Veve glalos (o 9551, 5l 29,5 bl onsms | S CH, 58
ol 418 )T 095 4y (g3gro Wiy, CHy Jlode a5 w9l oo alaxde .Canl 00ls plaisl g 4], cozx>as o

el 0> ;0 HyS 350, NO, NO (ygmad slooin¥T 5lo3l5 1olie g oo blowl ¥ g slacols 514 j5bylen
A3l 18 asrecn 5 e alads |

ULYD MAsbrpolin o 5 a0l 5 il as 0 YA« g Voo N eve Glales o dlol> 3w 35 b)) 55, o20 polie
39> il (s3gm0 W) SH VL ()l 8))) Hlade g oo aimle a5 el ools elaiBl o9 4]y @ SolS » Jo3okeS V- /FAV
Sy lere Wi cod (oledS 4 35 05 (00 395 4 s Foglhas Llyh alol> &)l az s AIBIL & cpl adl el a8 8
Ol 5 olie gl Lawdly (g8 Lawgs YL (8 yan a1 (651 p3line YU slales ;o Slbos 125 0Bl (6 55 ool 512
<l aales o8l Lawdl

polae oo iolsl el oS il o Ol Juds ol 5 il am o VA B Yoo e Sles o3b 5o (o yiw;l8 cus 58l
b dalgs ]38l CO polie g als walys anST 1Sy 0,ls €O, 5l (g i

518 o228 by S8 18 B 45 Bie % Sy b il 55 S 0z K5 sl (sih e 5] ol ol
YA 5 VY sl IS loges ;o .aib oo Ha's CHAWCO LCO2 N2 ol a5 (g w5 Lol 518 zy goue (g5lu o 5l Jol> polis
A5 (2 )Liel CO oo 0 9 Y (5l (0))] gous 5 (o225 polie

G B qaSeyie Ve e Sl GlgS e Ol eayst Su b Ll e oS L 4 S Ojse siludae elul
5,5 Jlamisd @y 2SI g5, SlolEa AV JISIVD o5k 45 oniass

e Cow 48 -0
sl $5)e
6})‘1*"‘2’ Cews ER
MJ/Nm3 ML s> o, HHV
MJ/Nm? (ol 5> o3, LHV
atm .,Lz8 P
CdleoT
m3 sp—?o V
KW ¢ )lgs W
&g e
lg/m® . J&z P

&l g olw -7
[1] N. Jafarzadeh, Introducing hazardous waste according to the Basel Convention and reducingtheir
effects using clean technologies, Sustainability, Development and Environment, 1 (2014) 31-42. (In
Persian).
[2] w. Bidlingmeier, Biological waste treatment and energy production, in: Sardinia2017-30th
Anniversary book, 16th International Waste and Landfill symposium, 2017.
[3] Islamic Republic News Agency, https://www.irna.ir/news/83893669/, 2020, (In Persian).

\Y


https://www.irna.ir/news/83893669/

[4] L. Gray, Plasma gasification as a viable waste-to-energy treatment of municipal solid waste,
MANE-6960, (2014).

[5] S. llyas, R.R. Srivastava, H. Kim, Disinfection technology and strategies for COVID-19 hospital
and bio=medical waste management, Science of the Total Environment, 749 (2020) 141652.

[6] N. Indrawan, S. Thapa, P.R. Bhoi, R.L. Huhnke, A. Kumar, Electricity power generation from co-
gasification of municipal solid wastes and biomass: Generation and emission performance, Energy,
162 (2018) 764-775.

[7] P: Basu, Biomass gasification and pyrolysis: practical design and theory, Academic press, 2010.
[8] R.F.S. Paulino,, A.M. Essiptchouk, L.P.C. Costa, J.L. Silveira, Thermodynamic analysis of
biomedical waste plasma gasification, Energy, 244 (2022) 122600.

[9] Z. Wang, C. Baniotopoulos, Thermodynamic analysis of steam gasification for syngas production
in Biomassrenewable energy using parametric investigation, Advances in Engineering and
Intelligence Systems;2(03) (2023).

[10] N. Mohammadi, E. Afra, Brickets and pellets, solid fuel from biomass, alternative sources of
energy, Scientific Journal of Renewable and New Energies, 7 (2019) 1. (In Persian).

[11] https://www.farsnews.ir/news/24020709000612/, (In Persian).

[12] V.E. Messerle, A.L. Mosse, A.B. Ustimenko, Municipal solid waste plasma processing:
thermodynamic computation and experiment, IEEE Transactions on Plasma Science, 44(12) (2016)
3017-3022.

[13] Q. Zhang, L. Dor, L. Zhang, W. Yang, W. Blasiak, Performance analysis of municipal solid
waste gasification with steam in a Plasma Gasification Melting reactor, Applied energy, 98 (2012)
219-229.

[14] N. Indrawan, S. Mohammad, A. Kumar, 'R.L. Huhnke, Modeling low temperature plasma
gasification of municipal solid waste, Environmental technology & innovation, 15 (2019) 100412.
[15] R.F.S. Paulino, A.M. Essiptchouk, J.L./Silveira, The use of syngas from biomedical waste
plasma gasification systems for electricity production in internal combustion: Thermodynamic and
economic issues, Energy, 199 (2020) 1174109.

[16] S. Saviz, A. Sari, Disposal of Hazardous Waste with' The New Thermal Plasma Technology,
publication of Rahe farda., Iran, Tehran, (2019). (In Persian)

[17] G. Su, H.C. Ong, M. Mofijur, T.I. Mahlia, Y.S. Ok; Pyrolysis of waste oils for the production of
biofuels: A critical review, Journal of hazardous materials; 424 (2022)'127396.

[18] K. Xiangdong, W. Zhong, D. Wenli, Q. Feng, Three stage equilibrium model for coal gasification
in entrained flow gasifiers based on aspen plus, Chinese journal of chemical engineering, 21(1) (2013)
79-84.

[19] G.C. Umenweke, I.C. Afolabi, E.I. Epelle, J.A. Okolie, Machine learning.methods for modeling
conventional and hydrothermal gasification of waste biomass: A review, Bioresource Technology
Reports, 17 (2022) 100976.

[20] P. Mondal, From municipal solid waste (MSW) to hydrogen: perfermance optimization of a
fixed bed gasifier using Box-Benkhen method, International Journal of Hydrogen Energy, 47(46)
(2022) 20064-20075.

[21] J. Kumirska, N. Migowska, M. Caban, A. Plenis, P. Stepnowski, Chememetricsanalysis for
optimizing derivatization in gas chromatography-based procedures, Journal of Chemometricss25(12)
(2011) 636-643.

[22] S. Saviz, D. Dorranian, A.H. Sari, Chemical and pharmaceutical waste disposal ‘with:thermal
plasma pyrolysis-melting, Journal of Theoretical and Applied Physics, 16(4) (2022) 1-6.

[23] H. Ronald, Dieck, ISBN10: 1-55617-915, (2007).

[24] H. Ghassemi, R. Shahsavan-Markadeh, Effects of various operational parameters on biomass
gasification process; a modified equilibrium model, Energy Conversion and Management, 79 (2014)
18-24.

YA


https://www.farsnews.ir/news/14020709000612/

[25] V. Messerle, A. Mosse, A. Ustimenko, Processing of biomedical waste in plasma gasifier, Waste
management, 79 (2018) 791-799.

[26] A.A. Erdogan, M.Z. Yilmazoglu, Plasma gasification of the medical waste, International journal
of‘hydrogen energy, 46(57) (2021) 29108-29125.

[27] E. Fermi, Thermodynamics, Courier Corporation, 2012.

[28] M.J.T.1. www.turbomachinerymag.com.

14


file:///C:/Users/pars/Desktop/www.turbomachinerymag.com

Evaluating the energy potential of gas synthesis
obtained from the destruction and gasification of
hazardous hospital waste with a melting-plasma reactor

Hasan Amirahmadi?, MohammadHasan Nobakhti®!, GholamReza Salehi¢, Shahrooz Saviz®

2 PhD student, Department of Mechanical Engineering, Science and Research Branch, Islamic Azad
University, Tehran, Iran
® Assistant Professory Department of Mechanical Engineering, Science and Research Branch, Islamic Azad
University, Tehran, Iran
¢ Associate Professor, Department of Mechanical Engineering, Central Tehran Branch, Islamic Azad
University, Tehran, Iran

dProfessor, Plasma Physics research/Center, Science and Research Branch, Azad Islamic University, Tehran,
Iran

ABSTRACT
The gasification process of hospital waste,-unlike traditional methods such as sterilization and burying waste and

conventional incineration, has the ability to use the resulting synthetic gas to produce power and electricity in addition to
satisfying environmental standards. In this article, theidbiomedical wastes of Farhikhtegan Hospital in Tehran were gasified
with a molten-plasma gasifier reactor that has a 90 kW torch.-Three parameters of equivalence ratio, temperature and
gasification factor are considered to be effective factors on theimolten-plasma gasification reactor, by keeping equivalence
ratio parameters and gasification factor fixed, the gasification process was carried out at different temperatures for the
gasification reactor and the gas synthesis resulting from It was analyzed elementally and the percentage of gases that
make up gas synthesis includes; CO, Hz, CO; and CH,4 were determineds At the temperature of 1400 °C, the amount of
CO and H; gases were measured as 37.1% and 32%, respectively, and at this temperature, the high heat value of the gas
synthesis mixture was 9.635 MJ/kg. Also pollutants such as; H,S, NO, and/SQ3 were@bserved in a very small amount in
gas synthesis analysis. In the second phase of this research, the thermodynamicequilibrium modeling of the gasification
process of this waste was investigated with Aspen Plus software in the temperature<range.of 1000 to 1800 °C. All
gasification sub-processes including; Drying, pyrolysis, partial combustion and regeneration were modeled in equilibrium
with the modules in the software. The results of this modeling of the gasification process were in very good agreement
with the experimental results. And the next part of the gasification model was combined with'the turbine; to check the

amount of available electricity.
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