httos://doi.ore/10.22034/irenew.2025.218214

g5 o 18 -8 o o 1404 jlinw; 5 55l cpgo o leds (op05lg0 Jlos

1403/04/27 w23l s 5o 9 9 e syl sole aob fuad ‘ R
jrenew.ir %

L LA
Online ISSN 2676-2994 Print ISSN 2423-4931 R

e¥°
G

403/08/25 oy &)U

S 39l Wlowwy Sy poo liwly 40 3B g (559LS 1 (5590

e;eZ‘s-:SLé ‘5°L“ ‘IO)M‘ ‘SMS ‘)‘b)

Oyl el (sl Bizes olRails ¢ rnds b 5 (55,5LiS 0uSLiils (pimmgy Sl pwdiges 05,5 (5 250 (gl -1
Ol syl kool Baze olSKitils ¢ cwdige 5 (8 00SCisld (SilKe csdige 09,5 wliwl -2
hghaebi@uma.ac.ir 179 «Joo,l #

oduS>

2B 5 ool lad o)l (g ien (5551 4 5l 45 Cumez (y538l30, 0y el (Rl Sl 50 i 138 5 DT 65l Lol cumaz (5338l g, Ay 4 4z L
Jo 5o s & 55,5laS slosilony Wi walie slajls sl 65,58 SV pame g (b ps dsde Ll anlss sl 5 a5 e sl (b 555
395 5 iler (o an Wlewy (nl Sopde Slaty; n g 5l (o)l olren ] gousite slasaly (6559liS Sladilony palie a5 ool (Al
ol 515 00 0dgi Jonily (o) 2 4 455950 G095 0l 50 8L (ond SS9 sl (orilin 230l Wlgi (o0 &5 Sl g a5 SL CS g
S5 Jouily (5110 (55)5LaS” (slasilonsy ams oo (LS gl el ol il SlOLS slajl8 JLasil 5 (Bras (6551 el o 5B g il «(55)9LaS
5 shed CE g Spas a5 s @ inlaln wes e 8y (L lacS g Sras B by (Bras 655 (el ool (Bras 55 B
5 9l anie ( Brae 6550 Gl 5o s 5l SFose b bioe 28l (65,5l 5 (55l S 93 8 50 SIS bl jLasil iileny e Sy e
G g el iy 05 )18 oolial )50 S g sl (S35 Dlsie 4 Wl oo 3 s g lyz 50 0wilegdl pde il o by 5551 B
)l Ceslame (Sogll 5551 Ol J 0 s

63098 Wlomy S oo Gl g (St S g pdynand (5551 1B Slgunls

An overview of biogas technology in the direction of agricultural waste
management

Zahra Vahidi-Ezmareh', Hadi Ghaebi>

1- PhD student, Department of Biosystem Mechanical Eengineering, Mohaghegh Ardabili University, Ardabil, Iran
2- Professor, Department of Mechanical Engineering, Mohaghegh Ardabili University, Ardabil, Iran
* P.O.B. 179 Ardabil, Iran, hghaebi@uma.ac.ir
Received: 17 July 2024 Accepted: 15 November 2024

Abstract

Due to the Ever-increasing population growth, the demand for energy, water and food is also increasing. The ever-
increasing population growth and energy demand puts a 2024 of pressure on natural energy reserves and causes them to
decrease. During the production of agricultural products for food needs, the production of agricultural waste is increasing
rapidly. This huge production of agricultural waste has many consequences. One of the most effective methods of
managing this waste is anaerobic digestion and the production of clean and renewable biogas fuel, which can be a suitable
alternative to fossil fuel. In this review research, the potential of biogas production from agricultural wastes, the potential
of biogas in providing energy consumption and greenhouse gas emission have been investigated. The results show that
agricultural waste has the potential to produce biogas and energy consumption. Providing energy consumption by biogas
reduces the consumption of fossil fuels. Therefore, due to the reduction of fossil fuel consumption and proper waste
management, greenhouse gas emissions are reduced in both the energy and agriculture sectors. By using biogas to
providing energy consumption, the cost of energy production and consumption is reduced. Digestion residue during
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biogas production can also be used as a fertilizer for soil improvement. Therefore, biogas has an important effect in

solving the energy crisis and environmental pollution.

Keywords: Renewable energy, biofuel, biogas, agricultural waste management
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1. Biofuel
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1. Anaerobic digestion

2. Anaerobic co-digestion
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1. Liquid Petroleum Gas (LPG)



s sola oLl oz a)

Ol b ol 3,50 Lo s el SlgskS 7110 x 107 5850 ol5e
SIS 16531 Jlo cl po 5555 (ol Bt By JS i (5558 g’
S5 Wilgs so Ede (nl )0 odel Cows 4 e ol by sl 0g el
O oy 5l Yl cizmed ules uali 1) (8 pan 5 liwe o0l 5143%101
500 (6 S ol> rhadl & (S ST 68 Jolee p,55LS 1/075 x 1010
144] sal o, sy 055 0,56l 21648 x 10° Olyee

Bsm ety 5 soladl (o3l bl Lo 5 (SlawsS
aihio ;0 @b 55 3p b (iRl Syge 0 1) 55 095 5l ead wys
Er o onl 5o WSl s n S)9e S9Nl 635 e oglr (I sen
adlllas ol 55 0 ooliul o8 055 o ,55kS a (glil 4 52 36 Eams 035l
LW 55 50 g5 055 a4 Ol (40,5 Lol b (09,9 sl dlge JS cdale
ax ;535 sled ;0 5 0ads puole olKiws 3,15 bglsts s ol s 4 9.
oy y) o1 o5 2715 4 o8 058 522156 51.0,5 yass 4 g9, ol Sl
S5 Ol il 5l ead aelg G el Cey s ceSe e 8122
Gy ol Gl @55l Jlaie pl el cele Slggls 195017 454,
S5 55 el SlyslS VOA- & Ly, o sl 31 0lgils 5053 glaails
Syl 5L B e el g s sl 3, 4o el Syl 1154 5 laasls (4l
Gy S, a5 dile e S| By 55, 50 el BlgslS 368/4 (ol L
Wses sl o3l o oS 055 plos ST S eolizl o1 51 Wlsi oo g
181771 35, 1o el S5 4918 o0 sy 3yt Sl e85 o0licil
1 5lel cygeben 13 (65,0 i3 co (55,50 cpl sl Jlos jo ceelos OIS
b oS 05 e 6109 5 sdial Joae o5 5 el 35, s il
o b anlllas ol sloazily olol sl S J5 o5 Oysabeo 2123
AT 63 Jolro (5 O1T8 b 1) Jlail gy ol 50 g oS98 S
g o3l wle 5B (3l ploie 4 Ban ST abe 5 (S
Slgs og walys Jlo 1 5 sekes 3184 (o S5 10 (37 adpo e
355 lp alaldl 5 05 59, o (Sush, 793) (5 4912 55 ead 0y
9 el 9 ped (g w8l (3L s3se Sl sl olegs al ool
i st |y ST (g5l Wil o a5 ol JTELLS 5 ol cypizman
ardg ) qyradye b 5 Sl @ ooy Bl eslanul & 50 5o
Ml IS5 3ol Ansy ek i 4013 058 aill 5 o 51 (sln (o
ey a8l o 5 90l dnrs, 725000 & 60420 o aslgls ya
syl Lals g eols el 1) b cige cloli S I eolizal
[45]csls walys o o1y 6550 ol g lond g

Sl Qb0 S sleslital b s o ) Ser 5 Geliger 0Bl
(Gl so b dw anlllae ol 4o ol 3 anlllae 5,00 1) cyadp o 4o
SIS Sy adal (g9 s ag (Al S (03,5 CwgeeS
Soslaer OB Sy ke w88 )13 kv 5 428 9,90 o o)y
o i a8 ceans o5 34000 o el 0 2020 Jlo o e
9958 ol s ey ol 0 o] i alyp Sl Ban b ears
o Gl b Sas ool bl s 7315 liee 4 mades SpeS sy
oyl il el S,y gilsn wian sb o 720 ke 5,Slee
adg anTp b bs e Shlaml 4 4295 b ol Lo iy 5l sl

2 oolad <12 550 <1404 ¢ 535y gl il (ale 4y s

C P A GeeglS g o5 4S5 (93 005 gl 285 18
AaSs g o3 05 (Jlo 4o o5 oerkee (111/97 (78/38 209/95)
Slows 9 Jlos 0 05 (ygubken (56183 6/82 AT12T) s 5 33 g dihsS
359152 Slomsy 05 Gl Egomme 50 Ablie Jlo 50 o5 ke 515 55ub
(1275110 2638/45 24010/17)s 5 4 jgubo ¢ 9 3tiussS ¢ irngls
Lo (sl VSR 5 oI5 s b5 sl o Jlo 5 cre e y3ekes
S e seke 27923172 w¥lu oJg Jeuily 2018-2019 L
50 B om Glime onl 510yl (sald Wilows o5 Cyguben 486/72 51 5500
2018-2019 Jlu ;5 el cawsy SisIl olgs Jlo 5o casles Sl
nlpls el oo 5155 el SIglKS 70533 oMK 40 G Bpan
B2 3170 L sandllae cul 53 0 9,500 e Lamgi 00 058 3
odg a5 was e lis ul WS e el 1, 2018-2019 Jlo y5 8 jae
L1 il addss ase (AN )3 Sl laally leslizad b 5sn
3hoolatul (opioran ans o G1aS (b slacsgu Slsjly 10,5 Sgaome
el ]y @liws; 550 Grae (G wg sln (S Bsn slaolSs s
Dehen (29748 re (5551 P9d Sy )3 plabieg) auia )3 g wad s
i bags (fasjosS Jlo 53 5 Ggekee 291232 sgam inl p epdle
Shoads adgi sm conlnln 09800 asi (ool 055 (5 ysekes 232177
slp oly 9 piynaas 6551 Ay e e 51 (S0 Wl e el Bluls
142] sl (30d8s 45 Sle sbadilons o pe St

ST alS 5 s 355 w555 9 el ey (o 5 5llsS
Sype 1 orsesl ailalalss ;o0 ol5 LS o olF LtS wlawy sl slayls
2,5 5lS 688755 sgam 4Vl a5 ols jlias anlllae oyl isls 3wy
G Miboe Jlo 50 canSa 510 206/63 <107 Lo ,i5 wilowms o) (sl9m0
37192717 5 55, y sl SlyskS 1018/98 55y o5ee el 51 Lol
Rl W5 YL a5 e 05 5,9l Jlo 5 ol Slssls
O oS J85 cobs s (oo 55 Lawgd ool B yae (65,0 5 21178
ezl as o)lo 1) Jowily cnl iloaigr mola conl pogdle w398 J5935 o
ool Lzals Jlo 10 00,5 oS 60 Jolae 05 952/4 B 1, slailsdS slajl8
a0 S adg S i 055 a5 5k 4318479 aVls
sl Jl fae 53 9 S o a5 (551 9 (S 355 o0k Hlade s5l9n o
143] sas o a5 551, lasldS slals

5 30 sl Jesliy 33510 opas 5 slasllan ol San 5 ]
o3l U 1) glaildS slagls Lassl fals o Lé o o5 Lets g als lals
ol Oluls adgs Limgh ol Ho wisls plodl wieiign Glwlre SuSS
sl alS Gp wy Jeiln Gsn adg codb daols las sl
O5l59 9 85,9MaS 9 138 O l5s 5l als slass slmesls .ai 08 presd slaslslS
olge Hlgie 4 el dilomn el Cews 42020 52010 Jlo 5l pls g DM
w85 0 e 8550 adg slp plB oole lgie 4 soliiul 5,50 I
Jl sl 5,8 slaalls IS e 2020 Lo slaosls ulol .0
Olie cnl 5 oad adgi Ben 5 Jlo yo p,Seks 4205 <10 2020
ol 3l Jeols G adgs ¢ el oS e 61792 x 107 Joleo wilews



53k Wilowy o ke gl 50 585 (5558 1 (559

[42] 2792372 million 9 5 pls ilowwy 486/72 million ton
m3
[43]1 206/63 x103 m? (35) 25 ,leiS ailews 688755 Kg
[45] 812/2 m2 o12715 ton + 45 555 22/56 ton

Ql'ﬁ.o..x;'sa.:.w\;m‘Qpbﬁ&gblw#wulﬁ.mww”@
@y el Slysls 20273 Sy o5 e sl @ s 5l a2 g
dlio el Cowd 4y el SlgglS 23471 ooy o iy S0 05,2 (3l
el Sl sy 98kes s b baije slagy L o5 Sl plas IS

B 5l 655 adg Juamiliy -2-8
S Joily sl (65,9L88 Silows 5l ol B9 6 Jguo 4 axg L
ol 53 090 (Bran (6550 el sl

s 3l 6550 a5 Jemiliy 6 Jgu

Bsw 5l ol (6551 Joily S35 05 slp (Brae B
[36] 343/86 Mj 15/63 m3
[371 35505/07 Kwh 9343/44 m3
[39] 6/99 x 108 kKwh 117/272 million m3
[42] 50 Twh 2792372 million m3
[43] 371927/7 Kwh 206/63 x10° ms
[44] 7/11 x 10° Kwh 6792 million m3
[45] 1950/7 Kkwh 812/2 m2

Sl 65,5La8 wilony 5l ool oy (s oot aieioy & ez sl b
oS Jl5 s S le S Gozmen (e gl b (030l il
S5 50 @Yl iy ool om0 el 2 ogdle sl J39318° 5 005
dolo s b e o as pSU adgs 4y azgi b o o &)l g iy 2]l
STl s 4 g 0 (5,55l 3 JUSl Ll Sl s y9liS” oy S
bl (65 Sl alidl ey i (e GlacS g 55 jene 4SS
(hras ol Gile)S sl wlgi oo 5 s 5l el sy )l 55
sl Gy 3 gl Gale)S dadlals (b S dagsfasls ol S
el B 5 eoliinl b ras o3l omel 5,08 )3 solil 350
Sls el da Sogll 5 oad (Lowd slocsgw Bras 5 azadye
Sl s e zals 1) o] 5l el dase Gy SIS g slaldS
Gl @5l adg anse (5,9laS Silewy 5l Jol 50 b (e gm0
DRl YL Co B b (Lend mlis (sl 4y Ceod 51 adgl ol 5l ool Ll
S 990 (g3 azxsg (g Shally 5 (655l g anpe alS Laes
Sy e iy nl 4 b GhalS B 6550 el sl
lor 8l 55 0ad B pae 65 JUL3 50 63l plesline

Slalds b5 L -3-8
Slas 1y wlowy S pie s 0 lABS olalE Lassl e T Jgas

AR o
SIS glajls Ll 7 Jguar
sl 518 Ll Al e yrann
[36] 105/6 Kg COzq (o 355 5 g5, LIS 264 Kg ) yail;gm

2 oolad <12 550 <1404 ¢ 535y gl il (ale 4y s

52 @yl 4 5,8 aST g8 Jolee p,5 LS -140/1) lullS slaslS
o i 612 (255 ST (63 Jolao 0, 5L 16714 5 550 610 S
Jobee 2,55k 4910) oS 5y 19,5 CusgpaS &1 o (B 95 51 L3
5 oA SLal oo e onds Hled s S asiils (S aunST (6o

J46] weals 1) adsl sl o5 5o 45 65,50 ads lime a5V

Ozl 59 3 g Arwgd yruno &lgo =7
e B s 6551 6T (B slo i 53 ou il | Blisdod 4 4z g3 b
3929 b 3ls (ame o sla Sogll 2ol g 635 el 3 (VL
295 b Sl gngy (Hlse b olnl 13 5B (6551 axwgi 0l S8 Ll
S poe glge s Jle (ea g (o Lawgi ol ploxl adlllas o
5l el Ske Gl 0 SBsm 55051 s To e

olrl s 635! oos O3l -1

235555 e (sl LAt gaae § a2y 250 -2

poye 0 &8 Lo 4>y 955 -3

S (pjgel 5 o5 25T -4

b bl 35005 -5

Sz 3 Sbldlcwl o3¥ il )3 s (555l anwss sln conlple
14700 1235 il 8 5es dnoss omms 53 008 53 @lgo (3,5 ol o

S g gl -8

639U Wiloussy 31 3 g ddoi Jamniliy ~1-8

loy5iS plo Geizmed 5 Glnl 53 (55,088 slasilony S Jgoz 4 4z b
el g iz 9 Sb cS s 3y sln S el Il

S35t Wlowns 3 5 5m 0y Jeuils S Jgar

Ko oy Jouily s sy £55
[36] 187/56 m3 13 365 g iy IS sLla 264 kg
[37]1 9343/44 m3 ol 355 53/712 ton
[38] 32/4 million m3 s2ls 555136826 ton
[39] 107/49 million m? sl 055 8147 x 108 kg
[39] 9/998 million m? wling, piu s slews 76/91 x 10%kg
[40] 69/629 m2 355 5 (130) (o) s gy 828/615 kg
/70y 45
[40] 76/281 m2 o5 545 4 (/40) a5 5] wilowy 840/448
kg (/.60)
[41] 111/95 x 108 m3 <5 355 43 million ton
[41] 487 million m3 olig, pivds s wlewy 11249 x 106 ton

1. Life Cycle Assessment

15



s sola oLl oz a)

G5 ez -9
B 5 ol sy pl SLolis (el ams aiz )5 Comax (938l Ad) 4 4255 b
Mg g hed oS Brae plply ol Rl e s
Ol 28, b 5o 2lie slasls 5 6551 Geel sl 5)9laS DY gae
Sy ST 4 e (d CE g Bpas GlEH Ll adl gl
Sy Gl 4 e (55)0laS DY game o Gl g oollasl (laroee
Lo sy i ge 3l (o el oad 151 (226 sl (Sogll 5 (65,5LaS wiloy
Ay g Slows (2l S3lso (2 a2 «(65,5l8S Slanilens B0 ol
Olye & slon o i ) e oy Cel g pdinand 5 SL 655
eized g (hed ($551 Bras Gl Wl e Rl G5 e S
ol ams 1alS azy BB ol & |y o] 51 56 SLlanl g b Soyll
«550S i Slaailons 558 g 0 Jeily 590 (w2 @ S2295
Sl ol jLasl 5 5 890 (Brae (6551 el 50 B Sl
bty (535S slacilonny s so i gl ans] 42315 3 T 51 ol
Lol (5555l o1 5l sl 3l s bl |y 55 (s S g a5
a2 5l s 6551 Slapt Sl s dnngcol ez 02, 45, 655
Sl g 03ls I (e (6551 (el el 155,9LiS lowy (551500
b (Brae 551 (el ams oo a5 L) Slo)ly 3 g (e sloc g 4
5 w0dd Ld bl gn Bras 0 p92dd 0 el e 5l colail
5 dols e a3 S g SIS glajlS Ll da Sogll cprian
sllasl &g (65,58 lasilonsy 10508 Bk 5l ans o rals | o]
D5 e peail 5 )ls SRS I (gl ke (ilige o) 955 o e
395 g gme e ;0 Silowy (pl jlosliinl b cosds plowl (o) a2 g b
4 Slows o yob @80 5l 86 sla Sogll 5 (IS sloylE Lasl ¢ g
6553158 Slaailony 51 B0 wdsi (cnlply 8l falS (6 pSatz b
il A 99 0 50 GBS slal jlassl palS (6l o B 0055
Cemgsloze (Sosll 5 655l Ol Jo 00 s B 5 005 5505LAS
Fol B b ol (G5l 5 (hed @lie jloslital 2alS b oS oo L
2 odle oo 2l 5 (65l B pan 5 wdgi 4 e i(55)sleS wlaws |
olge syl wilo co (Bl s ades ainl)d j0 a5 edd toal S 8)lse
a5 a3lor IS 5 nlo Gz 5 ey hed (03955 Jols (sdie
255 B esliinl 3590 S ols St Sl (355 Dlgre 4 Wl o
5 oolal Sjso 50 0iS o en e (YU Jeily 4 azg b
Orizme g Sl Zo pate Lol 58 B9 05 sl (65,9l8S slasilony
5 P Ghasn GRIBl Ae) 5o Sdsd st sl 655 4
omaB 3l 6L Glie 42 4988 (slaling; 53 (6551 Bran San b 0Vl
ol 3 56 Gla Sogll 55 ()b Sl vy mealss S e 0l 5l 655
5o el pialidlhcdl walss pals oo s 10 Co e o 4 wilewy
B9y 9 2ol Gl crge csudys Wam (talidl 5 ogdle y5i5 (slabis,
salyz o j0 ) Ly (sadgh cunle 4y 05lgd iS5 5 ol Liwg (soladl
loels s Blbl sblie o Jlzsl 5 golazl 3, anls (ol ply il
6ok e il B g sl B SlaolSg s 09 etles 55
28 Grizmen g ol s (nl wlows el inlply 09 wialys wiley

2 oolad <12 550 <1404 ¢ 535y gl il (ale 4y s

16

[36] 0/937 Kg COzq (21> 955 5 gy 2dS 264 kg 5 55

gy 828/ 615 Kg 51 5550
((/70)55 555 5 (/30) e
Slows 840/448 Kg 51 515 g0
((160)l5 555 o (/40)asls 5, 51

[40] 0/316 Kg CO2q
[40] 01236 Kg COzq
[43] b lax als s
952/4 ton COzeq ((415) 28 ,las wilowsy 688755 Kg 5N
[44] b Lexs pals
1/075 x 100 Kg COzeq

s
(&5 ,1aS Silews 41205 1010 Kg ;)

[45] b Ll als Bom

6/78 ton COzq (45 555 22/56 ton 4 o127/5 ton ;)

[46] -140/1 Kg COzq (350 Syl ton) 5 s 5l atews 2SI

e SN S5t (gl 250 S 5 1 jlesleal T Joor @ azsi L
8IL1/1 b 1, sl slajls il icemgaS slo & o 5| Jol>
B oy (mizmen wmd e 2l ()5 ST (63 Jole o SoLS
sl ol puilism sl (ol 055 5 @i GHS bk p,55ks 264
SlS T 0S| g Jsles p,5slS 1041663 U 1, slailsls slayls
2,55k 828/615 31 Lol> 50 slailsds slajls Lawl (liue 05 o
5 55 055 p,55LS BA0MAA8 (rizman 5 (el s Sy 5 55 355
oS aeST 68 Jolra 05515 01236 50/316 s 5 ar ails 5T dilowy
Jobes 0,555 1/59 sle 518 slaslonds slols jLecil a5 o o sl oo
Ol oud oy g & Jyge 50 alple wBbge ()5 ST (50
585 ol alilacl 51 5ol Jlews o) 51 dol> @l jlacsl osd ale 518
15 ,1aS wlawy 0,505 41205 <1010 51 Jol> 5 ss 09 sals> mbe
S olalE Leil e (655) alF LS wilewy p,55LS 688755
pSsks 1075 x 1010 (s 5 a4y o (sl oo ol Lactil b anlio o 1,
w3 o LS 58 0T 65 Ul 03 95214 5 ) ST g3 Joles
@ 1y S glasl8 Lasl s g5 098 (5 22156 51 oo adgs g
@l argi b sedoe SalS S ST s Joles 5 0178 (5
Sl (hed SlaiS g b aalie ;5 550 GRS bl Lasl ol
Rl 5 s adsi bial) )0 wlens Sy bcnlpl ool S0l
FB Ol @ Gl lajls jLasl Gl B b (nd slocS g
b ol x5

S8 gm adgi wiaT 59 53 suilendl puin -4-8
had (59 Jold ke Blge S B g adgs 2 )3 eniledl e
23355 Olgie a il oo a5 ol ST SlaS 5 plo izmen 5 el
plosl slas g1 gl [45] 15 )18 soliul 5,00 S5 oles Sgutp (sl
pSshkS 291232 ls> 565 o5 osbe 23277 pans )l wad
4318419 (s5) a5 lsS wilows p,55LS 688755 51 [42] sinyso8

ol oas 0y [44] s 3055 5,55k 21648 <107 a8 lics



53k Wilowy o ke gl 50 585 (5558 1 (559

[17]K. Harshwardhan, K. Upadhyay, Effective utilization of agricultural
waste: review, Journal of Fundamentals of Renewable Energy and
Applications, Vol. 7, No. 5,7, 2017.

[18]R. Ennetta, H. S. Soyhan, C. Koyunoglu, V. G. Demir, Current
technologies and future trends for biodiesel production: a review,
Arabian Journal for Science and Engineering, Vol. 47, No. 12, pp.
15133-15151, 2022.

[19]S. Nanda, R. Azargohar, A. K. Dalai, J. A. Kozinski, An assessment
on the sustainability of lignocellulosic biomass for
biorefining, Renewable and Sustainable Energy Reviews, Vol. 50,
pp. 925-941, 2015.

[20]A. Meyer-Aurich, A. Schattauer, H. J. Hellebrand, H. Klauss, M.
Plochl, W. Berg, Impact of uncertainties on greenhouse gas
mitigation potential of biogas production from agricultural resources,
Renewable Energy, Vol. 37, No. 1, pp. 277-284, 2012.

[21]). Mata-Alvarez, J. Dosta, M. S. Romero-Giiiza, X. Fonoll, M.
Peces, S. Astals, A critical review on anaerobic co-digestion
achievements between 2010 and 2013, Renewable and sustainable
energy reviews, Vol. 36, pp. 412-427, 2014.

[22]N. Rasit, A. Idris, R. Harun, W. A. W. A. K. Ghani, Effects of lipid
inhibition on biogas production of anaerobic digestion from oily
effluents and sludges: An overview, Renewable and Sustainable
Energy Reviews, Vol. 45, pp. 351-358, 2015.

[23]1D.Nemati, GH.Yavari, N.Karimi, F.Foroudi, and S.Yousefi, Study
of Causes and Abstacles of Utilization of Biogas Energy in
Livestock Farms in Iran (Case Study of Shahr-e-Rey), International
Conference On Applied Research in Agriculture, Pishtaz Iranian
Science Cooperative Company, Tehran, Iran, 2015. (in persian)

[24]S. Abanades, H. Abbaspour, A. Ahmadi, B. Das, M. A. Ehyaei, F.
Esmaeilion, M. El Haj Assad, T. Hajilounezhad, D. H. Jamali,
A. Hmida, H. A. Ozgoli, S. Safari, M. AlShabi, E. H. Bani-Hani, A
critical review of biogas production and usage with legislations
framework across the globe, International Journal of Environmental
Science and Technology, Vol. 19, pp. 3377-3400, 2022.

[25]N. Scarlat, J. F. Dallemand, F. Fahl, Biogas: Developments and
perspectives in Europe, Renewable energy, Vol. 129, pp. 457-472,
2018.

[26] A. Adeli Gilani, F. suri, and M. Pour Ahmadi, Application of biogas
technology in the villages of Iran; Estimation of energy savings
resulting from the application of biogas technology in Galesh Kalam
village (Gilan), Journal of Housing and Rural Environment, Vol.
145, pp. 111-123, 2014. (in Persian)

[27]A. Mishra, M. Kumar, N. S. Bolan, A. Kapley, R. Kumar, L. Singh,
Multidimensional approaches of biogas production and up-
gradation: opportunities and challenges, Bioresource
Technology, Vol, 338, 125514, 2021.

[28]M. R. Atelge, D. Krisa, G. Kumar, C. Eskicioglu, D. D.Nguyen, S.
W. Chang, A.E. Atabani, A. H. Al-Muhtaseb, S. Unalan, Biogas
production from organic waste: recent progress and
perspectives, Waste and Biomass Valorization, Vol. 11, pp. 1019-
1040, 2020.

[29]R. Hatti-Kaul, G. Mamo, and B. Mattiasson, Anaerobes in
Biotechnology, vol. 156, pp. 195-234, Switzerland: Springer, 2016.

[30]S. Bhuvaneshwari, H. Hettiarachchi, J. N. Meegoda, Crop residue
burning in India: policy challenges and  potential
solutions, International journal of environmental research and
public health, Vol. 16, No. 5, 832, 2019.

[31]Z. Gao, K. Alshehri, Y. Li, H. Qian, D.Sapsford, P. Cleall, M.
Harbottle, Advances in biological techniques for sustainable
lignocellulosic waste utilization in biogas production, Renewable
and Sustainable Energy Reviews, Vol. 170, 112995, 2022.

[32]N. Nwokolo, P. Mukumba, K. C. Obileke, M. Enebe, Waste to
energy: A focus on the impact of substrate type in biogas
production, Processes, Vol. 8, No. 10, 1224, 2020.

[33]A.J. Ward, P. J. Hobbs, P. J. Holliman, D. L. Jones, Optimisation of
the anaerobic digestion of agricultural resources, Bioresource
technology, Vol. 99, No. 17, pp. 7928-7940, 2008.

[34]1H. Afazeli, A. Jafari, S. Rafiee, M. Nosrati, An investigation of
biogas production potential from livestock and slaughterhouse
wastes, Renewable and Sustainable Energy Reviews, Vol. 34, pp.
380-386, 2014.

2 o ledi €12 050 <1404 ¢ 555 una3 (gl i (ale 4,08

17

WS ol 3 1) gol; ol 8l sl saie) Wl oo o8 g, alisee sla yise
gael Ol oo s adgi (6l p (65,58 slasilony 5l eoliiul &5 5o

8090 5 5 atily g olatdl 5 Jldl o Sogll (o550 slagylym a5 og
tlge 4 azgi bl plaey) a4 dilate po e (sl goladl 5 cloixl o,
698 bl 4 olows )l 3925 ol j0 JBan dnwg w0 a5

e 5955 Jlged g lse (nl 095 wiie Saz 3 (Sl ol g

=10 -10

[1] N. Gontard, U. Sonesson, M. Birkved, M. Majone, D. Bolzonella, A.

Celli, H. Angellier-Coussy, G. Jang, A. Verniquet, J. Broeze, B.

Schaer, A. P. Batista, A. Sebok, A research challenge vision

regarding management of agricultural waste in a circular bio-based

economy, Critical reviews in environmental science and

technology, Vol. 48, No. 6, pp. 614-654, 2018.

A. M. Salem, H. S. Dhami, M. C. Paul, Syngas production and

combined heat and power from scottish agricultural waste

gasification —A computational study, Sustainability, Vol. 14, No. 7,

3745, 2022.

D. Neupane, Biofuels from renewable sources, a potential option for

biodiesel production, Bioengineering, Vol. 10, 29, 2022.

0. Khayal, Advantages and limitations of biogas technologies, 2019.

O. A. Towoju, Residues to energy: A study of improving the

renewable energy mix in Nigeria, Journal of Energy Research and

Review, Vol. 10, No. 1, pp. 47-56, 2022.

A. Negm and N. Shareef, Waste Management in MENA Regions, pp.

149-169, Switzerland: Springer, 2020.

E. O. Diemuodeke, K. Owebor, C. O. Nwachukwu, and M. O.

Ukoba, Agricultural Waste-Derived Management for Bioenergy: A

Paradigm Shift in the Waste Perceptions, in: E. Jacob-Lopes, L. Q.

Zepka, and M. C. Depra (Eds.), Handbook of Waste Biorefinery:

Circular Economy of Renewable Energy, pp. 13.345-13.367, Cham:

Springer, 2022.

A. Pandey, C. Larroche, C-G. Dussap, E. Gnansounou, S. Kumar

Khanal, and S. Riske, Biofuels: Alternative feedstocks and

conversion processes for the production of liquid and gaseous

biofuels, Second Edition, pp. 3-43, London: Academic Press, 2019.

M. Zupancic¢, V. Mozic, M. Moze, F. Cimerman, I. Golobi¢, Current

status and review of waste-to-biogas conversion for selected

European countries and worldwide, Sustainability,Vol. 14, No. 3,

1823, 2022.

[10]P. Sarangi, S. Nanda, and P. Mohanty, Recent Advancements in
Biofitels and Bioenergy Utilization, Singapore: Springer, pp. 1-25,
2018.

[11]0. Awogbemi, D. V. Von Kallon, Valorization of agricultural wastes
for biofuel applications, Heliyon, Vol. 8, No. 10, e11117, 2022.
[12]C. M. Hussain, S. Singh, and L. Goswami, Emerging Trends to
Approaching Zero Waste: Environmental and Social Perspectives,

PP. 133-151, Amsterdam : Elsevier, 2022.

[13]A. Alsulaili, K. Elsayed, A. Refaie, Utilization of Agriculture Waste
Materials as Sustainable Adsorbents for Heavy Metal Removal: A
Comprehensive Review, Journal of Engineering Research, 2023.

[14]R. S. Riseh, M. G. Vazvani, M. Hassanisaadi, V. K. Thakur,
Agricultural wastes: A practical and potential source for the isolation
and preparation of cellulose and application in agriculture and
different industries, Industrial Crops and Products, Vol. 208,
117904, 2024.

[15]A. Demirbas, Waste management, waste resource facilities and
waste conversion processes, Energy Conversion and Management,
Vol. 52, No. 2, pp. 1280-1287, 2011.

[16]R. L. Skaggs, A. M. Coleman, T. E. Seiple, A. R. Milbrandt, Waste-
to-Energy biofuel production potential for selected feedstocks in the
conterminous United States, Renewable and Sustainable Energy
Reviews, Vol. 82, pp. 2640-2651, 2018.

8

[t}



s sola oLl oz a)

2 o ledi €12 050 <1404 ¢ 555 una3 (gl i (ale 4,08

18

[35]D. Tonini, C. Vadenbo, TF. Astrup, Priority of domestic biomass
resources for energy: Importance of national environmental targets
in a climate perspective, Energy, Vol. 124, pp. 295-309, 2017.

[36]M. Khodabakhshipur, M. Mohammadi Golangash, and M.
Khodabakhshipur, Environmental and Technical Assessment of
Biogas Production using Rice Straw, Journal of Environmental
Research and Technology, Vol. 4, No. 6, pp. 5-11, 2020. (in Persian)

[371H. Moradil, H. Mobli, A. Jafaril, and M. Khanali, Potential of
Biogas Production from Animal Waste in Rural Areas of West
Eyvan County, Ilam Province, Journal of Agricultural
Mechanization, Vol. 4, No. 2, pp. 101-110, 2019. (in Persian)

[38]G. Zolfagharil and I. Vaezi, Biogas production capacity from animal
waste (case study: Joveyn city, Razavi Khorasan province), Journal
of Environmental Science Studies, Vol. 9, No. 3, pp. 9225-9234,
2024. (in Persian)

[39]S. Zareei and MR. Maleki, A survey on potential of biogas
production from livestock and rural wastes using GIS in Kurdistan
province, Journal of Biosystems Engineering, Vol. 48, No. 1, pp.
173-178, 2017. (in Persian)

[40]Z. Vahidi-Ezmareh, T. Mesri-Gundoshmian, and A. Mirzazadeh,
Biogas production in northwestern Iran: from the point of view of
life cycle assessment, Journal of Environmental Science Studies,
Vol. 7, No. 3, pp. 5339-5346, 2022. (in Persian)

[41]M. Falah Nejad Tafti, MA. Abdoli, and F. Golbabai Kootenay,
Investigating the potential of biogas and energy production from
biomass resources in the villages of Iran with a sustainable
development approach, Environmental science and technology, Vol.
18, No. 2, pp. 387-394, 2016. (in Persian)

[42]S. Y. A. Siddiki, M. N. Uddin, M. Mofijur, I. M. R. Fattah, H. C.
Ong, S. S. Lam, P. Senthil Kumar, S. F. Ahmed, Theoretical
calculation of biogas production and greenhouse gas emission
reduction potential of livestock, poultry and slaughterhouse waste in
Bangladesh, Journal of Environmental Chemical Engineering, Vol.
9, No. 3, 105204, 2021.

[43]T. Kefalew, M. Lami, Biogas and bio-fertilizer production potential
of abattoir waste: implication in sustainable waste management in
Shashemene City, Ethiopia, Heliyon, Vol. 7, No. 11, 08293, 2021.

[44]B. Afotey, G. T. Sarpong, Estimation of biogas production potential
and greenhouse gas emissions reduction for sustainable energy
management using intelligent computing technique, Measurement:
Sensors, Vol. 25, 100650, 2023.

[45]K. Kusmiyati, D. K. Wijaya, B. R. Hartono, G. F.Shidik, A. Fudholi,
Harnessing the power of cow dung: Exploring the environmental,
energy, and economic potential of biogas production in
Indonesia, Results in Engineering, Vol. 20, 101431, 2023.

[46]A. de Jesis Vargas-Soplin, A. Prochnow, C. Herrmann, B.
Tscheuschner, U. Kreidenweis, The potential for biogas production
from autumn tree leaves to supply energy and reduce greenhouse gas
emissions—A case study from the city of Berlin, Resources,
Conservation and Recycling, Vol. 187, 106598, 2022.

[47]M. Gholami, S. Khosrooyar, and Z. Hejri, Biogas in Iran,
applications and challenges, [ran National Bioenergy Conference,
Hamandishan Energy Kimia, Tehran, Iran, 2013. (in Persian)



53k Wilowy o ke gl 50 585 (5558 1 (559

2 obad (12 053 <1404 ¢ 55t slea S el 4

19



