Nowigh (s Jao b dmulie g Gaos (6 p53L 1 0olisl b (5 p0ew Silowmy Mg5 (65l 2900

Oy 15 9 cpiilo o (omas A
Tobeyd souyS St ) wlis v ye

mary_abbaSi@Sshu.ac.ir ..l < « iies b olKEI cangjlass 5 Ol o) yas swdige 03K (655> 1 Jgiume oy
O] e e i e ol o jlaro g ol Ol yes (owdige 038D ()l i )8 (gomiils ¥

ouS
g 2 e Sty lasl ctul 6 b Wity (05 iluduio 50 Wieligr Gldue 8 Slos dmslio g (o) B9T (2 5 S
Gl e & o 33,5 (55l a0 ghad g Ao &gy oLasdl (Kb b cwlibled (ooloiz! (o ldl o Sledbl Jold wilow
WSS o 550k 9 Olaiiy 1o p (blo (e gan (mas ATl wiebigh o ool elitwl b (3l 45 e 5O (5 e ilowmy (05
9 g 5 ) Joko 1ol 4 )5 Az ooy ool U85l Jie b sl 438 )5 5158 oy 1 0 )90 LT 5l oukel iy Slallas g g g s
SWolas g byl Gobul 5 .aad0 sas plagil a6l g iyl [y MAE 5 RMSE iy yitiiens 5 R2 o1 yiaS o8 s s dSnds
S gyl 5105 Cble Joo (Bras (SOl a4 (had 0595 50 o0 9 Ailblo 0590 ;0 o0 4T U Juol> Azt (l osel iy
0393 30 o a5 Ol Joo g iy 10y rblo Juko il g8 Jas 380 (53l 30 (g Sy 4y (BT 30 9 (Fgiuan (omas
o Pl 4 ol sualine pB )l ailale (g3lw Juw jo .aigld ol ool b Juwo oo jo 1) bl oS ailale 0,90 j0 oo 9 Lad
o had silwdae 53 Gree 6 50L Juo ogdle 4 wBjlo (g i Bl g W0 e K0 3l Gres SOl Juo bawgi oud
Al giluduo 3l ohad il das 1> Gaas gyl o PRINES CalySS 4 o3¥. 00,5 Jos o GialojT slo e K0 51 5o
Sl (P o S (o0 JUis ) (had 98I g WS (o0 et (Slad g dapiion Wilomy (359 pd )t 00,5 Jos 380
SO o 4 i (Jhad giledue 50 o ouslivo g oud (i I 9 WS 0 Jos yup (had 0590 50 L Jue uulh 4385 A

ST

Cmiilo (6 ;5 0L ( Jguol C g9 o ilownny ddgi & 5 (Bunos (6 35O (5L 0 (6 el Wby il o 0z gulS (slolg



doddlo—)

Gyl ) ntins clie glacd by 350a 5 Bl Sy Sl dngs Jlor 15 (sl s  la g IS & & yzln 2ol 3
Aol W3l lae Cu i (M (ol (3T 5 5l (S el 00l o g 555 pl sl (S90S shany OIS aely 500
ahal g o Sl Lol nalidl sl 0050 Cuzr sited Wl Capiie St Gy ik wSlise Ly 455
2l o0 Wlowy e Sz 5 Gallsd (sl Oy s pslann gy et g0 sly S 4 el il

anging Conar o b, olib (e SISl Anngs Rl 5E5 1 satps G 55 e Wl oo
OWS delr Wl olgs o it 3l 280 g anal 4 5L aS el oad (6508 Wlowy (635 polae slul 4 e (golaiil
Sl 5 (Sdermn B 4 (s iz Slml Sl 039 509, Slg B Wi b0 jlgen cdrngi Sl )3 (sla)edST o la el
W55 355 3ol a2 AT S 5105 1y 055 ol e (T 15 alad o Jelse IS 5 oy 55 (Kol o
BT s s ol 2515 Sl o gl 585 5 o dalipy So (el (61 pa3 (sl IS 555 (s0L5 Slilas L) axslr cuodles
S els cals g o7 el sels aslySlye Coanl Sl Sidslsn 5 sl (Kiped dnizr dns | Sy oS 5 LolS
oy S5l 55 s L Gl Dt Sl 5 b ) 55 ot sl 8 ol 515 Slye (slo T
)18 555 9 8lge (b3l Bl 5

Jo 59 5 438l anass slagsS 5o Jashsh) witlls Cuslyl 5 (3l sloasdy o (53 l5e 53 a5 CnS (s
NI hko ys 02 (ren 2 s SBL ol il 2L 10,55 2 (6 i el 51 A5 o Al LS 4 s ctrogs
ames ol e ol yed coalio ST 5 pailesles cabs o L JUiil slaolSinl Jma,s 0 05 By yls YT rile sl
S5 85y il b Sl (oog solatil iman I L5 aile e ploson b s sl peine (o s
Bk diedgs gl Wlay o e slals) @l 5o Wi oo wileny

oo S5 5 solail elatxl ¢ Staes o lanmee ol o sonddl 5 sloailge ol Yoone wilomy Cu e slaay] )3
G pyye slo (b9, Sl ealiinl b 3le e 5 s i il 6l 6l oz S g glan ] i ool
2ol Wla o OIS Jo 51yt (2550 (Slomlons 50 Koyl 5 (o 5ino Gigo SlocSss sl ctuns 5,53
osld g Comhad pae Cu i g, 5l (6 S0l (ateinl OMSCEL b dilie (o chian gn ailos gl Caws 4y (g lls

"5 slate 5T L 0,85l 0 a3 e ¢ | (Lgan (cmac aSD Ails coiae (heasla Joe sl 03 dl IS a8l sla
[1] Sl 1zl Sy g otz lBALEl cui S (aseiel MU o co il
ilgl oo Lgan smac A0S sla Jae (Jle sl oyl ], 03 pgad 40 Sled’ coian yhga jlazli b Jos ye
2 Sy sl ools o poe slp iy o (Eoan (masdS opl podle i bigel i g (somdids gl |, lasols
U"‘“’“) » os)l.c ..\..4‘5.: ° “_g)’l.é S‘E"“’ o dSle ‘°)-t-"> 6“" Ao Qg oolawl @Lﬁ‘)p 6L‘° LJ;U 5 lnL?;I‘ 9 S0 (5L'3|)'*'>
50 a5 Wy ool Gl e SO b s cpl oS S s |y Gladl Yol g Bl gl Ol Sledlsl oL
potie oS5 o 5ol atile ¢ LolSS slapis oSl ¢ 00 (sgm 51 [1] 80 &l S Slo Sy 9Bz Slhes Cupoe
<* obu‘ OMGHJJH.) .’a.t‘).w w).s.\.a ‘5‘).‘ L_A.MJLA.A L;Lmolo L}J)—A-Q) ul.?b.»‘ la w C.’Lu u\))j—‘ Cowd 6‘1.1 ‘) GL..JG g.)l?u_v‘

Ean Joed p (She o Jae ipgu e Slawle SIS slacugaze § (eaian Sise slasgld B i, dasgil

1 Artificial Neural Network (ANN)
2 Genetic Algorithm (GA)
3 Fuzzy logic (FL)
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3 Artificial Neural Network (ANN)
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1 System Dynamics (SD)

2 Gray Model (GM)

3 Chhay, Reyad, Suy, Islam and Mian

4 Forrester

5 Waste Electrical And Electronic Equipment (WEEE)
6 Material Recovery Facilities (MRF)
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T Municipal Solid Waste (MSW)

2 Life Cycle Assessment Of Integrated Waste Management

3 Sustain Ltd

4 Department for Environment, Food and Rural Affairs (DEFRA)
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(R?)’ RMSE" MAE" Metric

Rl

_0.566
01517
0.6
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R2 RMSE MAE Seasonal metrics
0.765
0.803 253 198 ANN
0.847 223 182 SVM

N o 154 Deep N

! R-squared
2 root-mean-square error
¥ Mean absolute error

\Y



Prediction

Mean squared error

Waste T - Regression 1e8 Waste T - ANN

751 R2=08
7.0 4
s
65
®
&
6.0
5.5+
550 575 600 625 650 6.75 7.25
Observation le8
fad Waste T - NN Tad Waste T - SVM
7.0
65
565
S
6.0 1 ?
6.0
5.5
5.0
550 575 600 625 650 6.75 7.00 7.25 575, 600, 635 650 695 755
Observation Observation 1e8
e
Fig. 6. Predict to observe plot of sea
Learning curve Learning curve
— Train — Train
0.04 1 —— Test 9:02 —— Test
< 0.020 1
0.03 2
Q
®
% 0.015 4
3
0.02 A g
=
$ 0.010
s
0.01 A
0.00 1 . . ; : ; T
0 20 40 60 80 100 100
Epoch
b gils e $lale (gilo Ju

ad (g3l 9 alale 53 le Sk (605 Az 55l Joko (6553l e Y JSCib
Fig.7. Learning curve of monthly and seasonal modelling

\Y




I i) 5 308 c..JL»J c..b)w (a8 y9d /SB 9 &,’i Q«g‘ﬁ.\a 9 djlwd.\‘o Q)-AM-; /O‘)m 9 Js‘ bM,J \R4

23585l Jol @y gL g o (400l ilonny sl g8’ Ol (59801 9 Jobo 42 (69959 Lo piol sy 1l i polo Joho oSyl a4y a9 b
ol dallls alice omac aSd Joo gl g dodiad e y1lw b wilouny ol oo oof b a5 ayline linios 53 Comad

O 55 5 46319 39 ey liiudig 410 39 il b i ooy axdllan (L Joo St - o0 dxdllae Joo o [FF] coivls Iy s oy yiaS
B CIR| WE PSS SPRLN-RY

& 325 aomii- ¥

Ols e Bledbl 51 Jowo byl cga s 5 &)l wilawg adgs (Lad g ailals g3lidow cga b pul> Jow SO cadllae ol o
Slowg adg Jad 5 ole ol Jolis Lo adlge daslllas ol )0 .Cewl Fgo wloww adgi (g5, (goanin sl i1 0l oolazul
Conar Jols S0 3 hilya AT 151 (ST s Jal soliatl ailn o Sl sl cslos Jols bl i adlgo
W8 Ol 5 g 0 Cameleils ol womer Joli cloix! ddlge g gziils Comaz (6, Su F 00,5 Juass
Slaidu 58,5 s w03l Gl cde sl suds (5,915,560 50 5 bgs o il ol SBGL SIVYAY LYY Lo 5l lasols
5o alale 5 lad &0t gudss glBdleany gl 9 o,eiS1 51 G o bL | fad cpl jo 0l o YYAY Lo sl olhes ol
Slowy 38 9 abgye Jole 8 bl lieools (@bl s Judoo b ide 2 50 g odd (o) alBTax AFAT-YY . glo Lo
6558 Slownss yuoss caalllacs jgato b ol Sl Slde sl oals &8l tonlionls islad o 0 a5 Kiad Cu po a4z g3l
oy S8 a3 iy A LS gz e 52,8001 2 350 sl lalis ol ol 53 VYAY Lo
by lony o5 Siladoe ol 0 SRl Sl S (5 pslann slaania alS g 5 slans CoisS il
gl o oo 8 St 5 455,55, 50 Brne (650 i385 st o ntle cipmar ¥ o5t smme e slo Jo
MV

Sl Jow 4 Sl (55 0, es (Lad 5 wijls ool Bllar Las gile Jow S 5o ez sl souis cols lis aslllas oyl
G50l g Slamay oy uile Jaw ad gile Jow jodcwl oologlis ]y seS gllas b g 5 5ds mls 5 atily aslals
Joe 5l lad (g5le Joe 5o (Eoian (omas 4K Lol ailos 5] cowas 1) B 2 SSO05 g e dlabe g5l Jow wilen Baes
s @l HsemesS 5 Joe ailale s5leJae ;0 45 S50 )0 o)l (6548 (sl g Cunl 03] Cawty (65 Bls LS (50 S
5O Gy 2bley dialign sbd Jus plo a4 Cond Baos (6,50l v ,ofl 08 T am S lei o Coles jo oo plis |y 68
20 g oo dlgiin. gl co s osls pl (gilw e slp |y amil 5035 g7 5 38 g 3,10 dilemy CoeS oy
oaliol odd (B yme 3] &S Madgn s Jde b g gasin claJde 5l esliul s 2alS o 558> s 9)0) canty slp 5T Oladss
)8 (yp Jhe dgme lp GlFor 4 (6503 Jalse g 298 oolitl Juus 9535 9 (890 @yl I U387 (35 Ao sl iomen 290
25lo 0] dlgs )3 Wlow M5 i Bres (£550L o dlwg 4y (5l Jte 5l o3kl b .all; g dunw < jguo il ke 4B o e Jolge
hd 9o 4 Jse Jele Giagh cnl 33 205 M |y g58y 0lo ) Slewy Copie S5o )l guSicnginn ) Ol wed 435

85 a5y st Spgo |y Jelgs ISl gl ey sl Gl load 2857 las

Referencs

[V]K. Yetilmezsoy, B. Ozkaya, M. Cakmakci, Artificial intelligence-based prediction models for environmental
engineering, Neural Network World, 21(3.(Y + Y V) (

[Y]s.A. Kalogirou, Use of genetic algorithms for the optimal design of flat plate solar collectors.(Y * * V) ,

VY



[V]S. Roy, Prediction of particulate matter concentrations using artificial neural network, Resour. Environ, 2(2)
(2022) 30-36.

[V]E. Agirre-Basurko, G. Ibarra-Berastegi, 1. Madariaga, Regression and multilayer perceptron-based models to
forecast hourly O3 and NO2 levels in the Bilbao area, Environmental Modelling & Software, 21(4) (2006) 430-446.

[5]M. Cakmakci, Adaptive neuro-fuzzy modelling of anaerobic digestion of primary sedimentation sludge,
Bioprocess and Biosystems Engineering, 3.7oV-Y¥4 (Y.« .V) «

[‘7]M.—G. Chun, K.-C. Kwak, J.-W. Ryu, Application of ANFIS for coagulant dosing process in a water purification
plant, in;"FUZZ-IEEE'99.:1999 IEEE International Fuzzy Systems. Conference Proceedings (Cat. No. 99CH36315),

IEEE, 1999, pp. ) VYAV VEY

[V]H. Niska, A. Serkkola, Dataanalytics approach to create waste generation profiles for waste management and
collection, Waste Management; 77 (2018) 477-485.

[A]N.E. Johnson, O. laniuk, D. Cazap, L. Liu, D. Starobin, G. Dobler, M. Ghandehari, Patterns of waste generation:
A gradient boosting model for short-term waste prediction in New York City, Waste management, 62 (2017) 3-11.

[‘\]C. Estay-Ossandon, A. Mena-Nieto,sModelling the driving forces of the municipal solid waste generation in
touristic islands. A case study of the Balearic Islands (2000-2030), Waste management, 75 (2018) 70-81.

[‘ * |G. Di Foggia, M. Beccarello, Designing.waste management systems to meet circular economy goals: The Italian
case, Sustainable Production and Consumption, 26 (2021)11074-1083.

[\ ) ]C. Ghinea, E.N. Dragoi, E.-D. Comanita, M«Gavrilescu, T. Campean, S. Curteanu, M. Gavrilescu, Forecasting
municipal solid waste generation using prognostic tools and regression analysis, Journal of environmental

management, 182 (2016) 80-93.

[YY]1.S. Armstrong, Evaluating forecasting methods,Principles-of forecasting: A handbook for researchers and
practitioners, (2001) 443-472.

[\ V]R. Noori, M. Abdoli, M.J. Ghazizade, R. Samieifard, Comparison of neural network and principal component-
regression analysis to predict the solid waste generation in Tehran, Iranian Journal of Public Health, 38(1) (2009) 74-

84.

[ ) ‘°]M. Ali Abdoli, M. Falah Nezhad, R. Salehi Sede, S. Behboudian, Longterm forecasting of solid waste generation
by the artificial neural networks, Environmental Progress & Sustainable Energy, 31(4) (2012) 628-636.

[\ o]P. Sukholthaman, A. Sharp, A system dynamics model to evaluate effects ofssource separation of municipal
solid waste management: A case of Bangkok, Thailand, Waste management, 52 (2016) 50-61.

[\ ‘?]S. Xiao, H. Dong, Y. Geng, X. Tian, C. Liu, H. Li, Policy impacts on Municipal Solid \Waste management in
Shanghai: A system dynamics model analysis, Journal of Cleaner Production, 262 (2020) 121366.

[\ V]D. Ju-Long, Control problems of grey systems, Systems & control letters, 1(5) (1982) 288-294.

[YA]L. Chhay, M.A.H. Reyad, R. Suy, M.R. Islam, M.M. Mian, Municipal solid waste generationsin_China:
Influencing factor analysis and multi-model forecasting ,Journal of Material Cycles and Waste Management, 20
(2018) 1761-1770.

[‘ ‘l]J.W. Forrester, Industrial dynamics: a major breakthrough for decision makers, Harvard business review,36(4)
(1958) 37-66.

VO



[V +]B. Dyson, N.-B. Chang, Forecasting municipal solid waste generation in a fast-growing urban region with
system dynamics modeling, Waste management, 25(7) (2005) 669-679.

[V \]N. Kollikkathara, H. Feng, D. Yu, A system dynamic modeling approach for evaluating municipal solid waste
generationslandfill capacity and related cost management issues, Waste management, 30(11) (2010) 2194-2203.

[\' *]C. Lee, Ki'Ng, C. Kwong, S. Tay, A system dynamics model for evaluating food waste management in Hong
Kong, China, Journal of Material Cycles and Waste Management, 2, ¥87-¥YY (Y+13) )

[V “]M.A. Babalola, A system dynamics-based approach to help understand the role of food and biodegradable waste
management in respect.of municipal waste management systems, Sustainability, 11(12) (2019) 3456.

[V \°]T.M. Mak;P.-C. Chen ,L. Wang, D.C. Tsang, S. Hsu, C.S. Poon, A system dynamics approach to determine
construction waste disposal charge.in Hong Kong, Journal of cleaner production, 241 (2019) 118309.

[Y A]Q. Guo, E. Wang, Y..Nie, J. Shen, Profit or environment? A system dynamic model analysis of waste electrical
and electronic equipment management system in China, Journal of Cleaner Production, 194 (2018) 34-42.

[V ?]S. Ulli-Beer, D.F. Andersen, G.P. Richardson, Financing a competitive recycling initiative in Switzerland,
Ecological economics, 62(3-4) (2007) 727-739.

[Y V]M. Sufian, B. Bala, Modelling of electrical energy recovery from urban solid waste system: The case of Dhaka
city, Renewable energy, 31(10) (2006) 1573-1580.

[\' /\]D. Inghels, W. Dullaert, An analysis of household waste management policy using system dynamics modelling,
Waste management & research, 29(4) (2011) 351-370.

[Y “]A.C.H. Pinha, J.K. Sagawa, A system dynamics-medelling approach for municipal solid waste management
and financial analysis, Journal of Cleaner Production, 269(2020) 122350.

[V . ]J. Den Boer, E. Den Boer, J. Jager, LCA-IWM: A decision support tool for sustainability assessment of waste
management systems, Waste management, 27(8) (2007) 1032-1045.

[V ) ]R. Freeman, L. Jones, M. Yearworth ,J.-Y. Cherruault, Systemsthinking and system dynamics to support policy
making in Defra—project final report.(Y *+ Y ¥) |

[VY]S. Zhong, K. Zhang, M. Bagheri, J.G. Burken, A. Gu, B. Li, X. Ma,/B.L. Marrone, Z.J. Ren, J. Schrier, Machine
learning: new ideas and tools in environmental science and engineering, Environmental Science & Technology, 55(19)

(2021) 12741-12754.

[VV]V. Sagan, K.T. Peterson, M. Maimaitijiang, P. Sidike, J. Sloan, B.A. Greeling, S. Maalouf, C. Adams,
Monitoring inland water quality using remote sensing: Potential and limitations (of spectral indices, bio-optical

simulations, machine learning, and cloud computing, Earth-Science Reviews, 205 (2020),103187.

[VV]C. Bellinger, M.S. Mohomed Jabbar, O. Zaiane, A. Osornio-Vargas, A systematic review of data mining and
machine learning for air pollution epidemiology, BMC public health, 17 (2017) 1-19.

[Vé]Z.M. Yaseen, An insight into machine learning models era in simulating soil, water bodies and@dsorptionsheavy
metals: Review, challenges and solutions, Chemosphere, 277 (2021) 130126.

[V‘?]A.I. Dounis, C. Caraiscos, Advanced control systems engineering for energy and comfort management in‘a
building environment—A review, Renewable and Sustainable Energy Reviews, 13(6-7) (2009) 1246-1261.

\#



[VV]X.C. Nguyen, T.P.Q. Tran, T.T.H. Nguyen, D.D. La, V.K. Nguyen, T.P. Nguyen, X. Nguyen, S. Chang, R.
Balasubramani, W.J. Chung, Call for planning policy and biotechnology solutions for food waste management and

valorization in Vietnam, Biotechnology Reports, 28 (2020) e00529.

[“/\]K.G. Roberts, B.A. Gloy, S. Joseph, N.R. Scott, J. Lehmann, Life cycle assessment of biochar systems:
estimating the'energetic, economic, and climate change potential, Environmental science & technology, 44(2) (2010)

827-833.
[Y4]Y. LeCunsY. Bengio, G. Hinton, Deep learning, nature, 521(7553) (2015) 436-444.

[‘° * JH.Zhang, H. Cao, Y. Zhou, C. Gu, D. Li, Hybrid deep learning model for accurate classification of solid waste
in the society, Urban.Climate, 49 (2023) 101485.

[¥VY]A. Xu, HfChang,"¥«"Xu, RuLi, X. Li, Y. Zhao, Applying artificial neural networks (ANNS) to solve solid waste-
related issues: A critical review,Waste Management, 124 (2021) 385-402.

[H]M.T. Munir, B. Liy"M. Nagvi,sRevolutionizing municipal solid waste management (MSWM) with machine
learning as a clean resource: Opportunities, challenges and solutions, Fuel, 348 (2023) 128548.

[‘W]O.B. Sara, Mathematicalimodeling to‘predict residential solid waste generation, Waste Management, 28 (2008)
7-13.

[‘°‘°]G.Z.M. Jalili, R. Noori, Prediction of municipal solid waste generation by use of artificial neural network: A
case study of Mashhad, Int. J. Environ. Res., 2(1) (2008) 13-22.

[¥o]H. Adeli, X. Jiang, Neuro-Fuzzy logic model for Free Way Work Zone Capacity Estimation, Jornal of
Transportation Engineering, 129 (2002) 484-493.

[\°‘7]M. Abbasi, M.N. Rastgoo, B. Nakisa, Monthly and seasonal modeling of municipal waste generation using
radial basis function neural network, Environmental Progress & Sustainable Energy, 38(3) (2019) e13033.

VY



