Ve Ol oY o lod (w3593 0,99 ¢ Jaxe pole dolilad

YeO-YYF

&

R 93 Glglpw Ja3ad 51 (65551 (515320 322 (Eeiw i Uy
Ol ad b3, 5509, b cud,
29 She 230 9% 505l (s3] e
ul).»‘ ‘UM ‘U)L’f oKisls sgb...b ('::L..A oSl o) Ja.».?m N g l"?lc 05;
VWA AN Vi o0y o VWRA/ BTN sl s s

Ol as > b0 S0, Lot b 5o lle Jdasd 516550 (6500 50 e (s Junily N Ee e ')9:‘,&1‘1"3'&‘&5‘5)‘ v
FYE-Y0 (Y)VA U.la.ou ‘a5lc aolilad

Sz By (e 3 (S 0gbe0 s S Gl 0 s o Sogll ol (938l o Lo 55 dilawny (80 :Bam g All
el g Il et Sz (LCA) Sl a3 2 o5 sloazis aulio g anulons ¢ Ldod s jlame sl (liee o) 2
Pty e 53 Olol s JBod B Co e Glidee sla by, (olaidl GllaMe 5 (st o sl 51 bl (ogi cnl 5l o

S9d s Gyl o) Sl o e (295 25 IL B Sl v @ (e N F 1 Lo

Jbo Olgear VFY Jlo gl (55l po a5 0l a3 S L5 55 5 kw99 e Judad slayls Lasl (liee (eSS S ot g Olge
5 (s VEYY JLa 1) %00 Jlo ¥+ oty B o a5 8 090 sl 59 5 0 458,515 45 L3 5 Jo o e by
e djlse (e, b ol bt Como g ab 00 wess LandGem 133l o5 5l eolaiwl b Judadd glajls Ll liee 05 (5l 0 0
S 055 55 S a5 5 Sl 5 oslinal (S g 4y Ul S i Sl ans (sl LOA adllas i
@iyl 0 See sleanl @ Glyiear hdodd 55 oo g Jdad jo ally cnlil cJdad 4 sl ailewy JUiil 285 plxil openL.CA
Sy (S danzme laazin ;3 RIS 25U @ a2 b alied Sy e anl g el ad Sl o fagh (pl o Sl a3 >
S g ELCD V2.3 o0ls oS0l j0 09290 (sloools o Madliyn jlasil ol o dandGem 1581 o 5 gl 5ol jlaics o aslllas

Al oolatwl Bl as > bl o 92w bl Lassl ol

Veber PP b A b )0 ol s U Jlaie pgs g Jsl (sgslew po a5 ol plis Slewlre mlis w9 gl
LYY L ol gadss olio Jlade gim i 50 py2 d5lse g, 4 Cows LandGem 1580 o 5 s sl lade yuize ol p SIS
S el ABBS 50 e D VB ¢ bl Jaugie jsboas am 4 VF e Jlo 5l pg0 5 sl syl po Jlasiul 55wl 51
A Slgiday YO L VIV 5 PV adgl b b i 5 a0 (B 3l 530 bagd 50 adgi 9 Sl (g, 99 35 S e
Las ol lis Ol as > obs ) asdllas ;o doviw Jloz om0 A 05900 Yo e AVA 9 YA L ol cos 5 a5 bagyT 4Vl a0
S ap S 1Y ol ay oS Glo Giale S by (I35 Gl y5ise bwgs 55 adh 9 S8 (6559555 50 (655 S

* Corresponding Author: Email Address.Orkomi@guilan.ac.ir
http://dx.doi.org/10.52547/envs.35875



3ot 5165l (6510 0 0 (s iy

5 4 e S8 g 18 5l eslil wly Sl (6l Jolae (S anSTise 5B Ll pline 455 sboty by o RalS Judodd 4l
g Jemily rigren 0 035 (eS80 ) (639)9 Al o5 S il & (S anSTes 0 S okS YYVF 5 VYN YYFO L
S0 cdle g0 50 i Hlade i it Jhews (Al p SRe SO sl 4y Joles Ll 0 F6lS < 1Y) 4l Cll> o slendiond glaoains]
S 0 cpl il i S8 5l eolaial g 4l Sl g0 4y Cond g 5SUN oy Sl o ol gl Jeedly dsmin jlade Lol ool

ol QS S e Al w2y il Y alss sl o5 el

oz by (nemibie Slyieay L 5l sleygise L iy pSUl adgs e golail b)) g LCA (slaazeins &) az g L g S dmys
Gy el Dl VYo v v lie a0 al¥lo o Sl Giole )T doiw 0 Ve alS  e38l aS il ol Ve Jle 5l o 38 Co poe
ol iy s )3 s Fre e g S s 00+ ¢ e 5 VL e (Silen Jolno (oS (e (il S e g8

S35 ge o plyedy bl S8 Sl @ 4 L
SasiglySS jleslinnl b ol oo chilioe dy S5
gl bddad 5l 6551 (g S polie ol
oo )5 o egs 51 S5 (Safari et al., 2009) s gl
sl @t S 05 g o ) eolaal o Ldadd 58
25 J3aid 5 S s slaosn TVD Sl s 453 shoay
ol 5> (EPA, 2020 s s plaisl el sl 4y 1S el
Olyeds Sl 4385 850 S95LsS Dlalllae 5 s
I ods mlis byme 1 (3358 Milich (1999) aiges
ORlS Sz 89y 65 S T o & (s e
33 0l 5B Sl g 03,8 (B adl 5598 (b s

63 oy ez iale S
Glyp sy 90 oo o> Mosher et al. (1999)
ey ededad o ol I lal i (650505l
Sofsatayi .assls sleaias 1y ol 51 65,1 db b cqe
o 9SS Aby o8 slaojs> (e 4 (2010)
iz saSaly 5l (2,5 s 5l 5l Jol> b
L aizmen ol il ledial b dlby 99 0j9>
slSal> 29,5 Ban Co i S0l 5l eolail
e by s laojer Bsn aVl oy walise
Scholl- (5,55 Joo 5| ol gl b g )51 1, ool
lawgie jebay aS ol lis gl o S 4 lie Canyon
oess B s aSe o VY VLl o5 e

LCA LandGem « |80 « Sl iole 5 :s0.dS" (slaosly
oMo

byl ol darwg 5 Comex Gl a4 azg L
o b oy 4L w55 f5m 5 355 o0 Shor ey
ol Wilowws (fF O )Lks V/F 090> 40 (g0Me Y- VO
(Turner et al., 2016) o oz jwlpw ;0 (5 4
9 SR (SAD A dw 4 il (S5 5k
(Noorpoor et 85 co (s3upands SU s glaall
ci)S by a5 el ol 4 5¥ @l 2013
Syl o jere el = ol calag plole
ST USes 4 by slaally a5 ol s slaws Jlas
i)y 455 b iy el 0l S wisihgo g0
Ol 5l L5 anwgs Jlo 0 g b yiny ola)elS i
oolitul el el Wlewy S e )
it 33] s a5 colazil gla g2 ) Sy oS oo
S35 o 3l ol po e cond JSie cpl S sl 4z
Silop e w2 sloanlyd jl gl O g0 a5 col
(Ahmadzadeh et al., 55 oo o] dul> wilow
dod Ve b e 5l belxe Juls Jdasd 515 (2014
(CO2) (pSanSlss doys 00 B0 (Lo ooy
S 5 bl 5l 5zl lake vl by oS i
;| (Talaiekhozani et al., 2016) sl JT & ¢ JI
Sl YO sgam inlaS ol 55 slalsdS il as L]
) e glrasly Wlgi o el COz 8

asl ansls Jsa |y S b 3 alex 5l gL

VFee el oF ojlods ¢ m23595 0,9 ¢ Jaors pole aclilad

v.s



)%&.Loj‘_ga.o.?l

sl oo (oS Ve s> laugine gboay COgq ,Licl
slal8 Lasil Geds Caz 35290 Alide sla e
ot 5l ol JLazsl olsee LandGem 153l o5 ¢ Jdocd
(Thompson et al.,, oS o s im &y <83 L 1)
o oad by ol yg391 .(2009; Sil et al., 2014
2 Sl ai wnlp sewjhon lafl o)
sl sy p Baa L LCA Cldlae (i
w35 plonil 5 wlowsy Sl a2 2 JS 50 (S jlame
Copde calizee glagiunns (oo ol drwgi 5 ol
(Cherubini et al., 2009; &S’ oo dwslio oo L 1, all;
Hong et al., 2010; Ghanbarzadeh and Sabour, 2010;
Rahimi etal. (2019) Ll, -l ;o (Marashietal., 2019
@S Gk 5l wlewy Copoe it g5l 4w
Sls oles b T 3aios gl 5,5 duslie oo L LCA
PSPV FCRC UNAA R SVA R\ S I
Wl CesgeaS a5 sl s i 4 ol
55 )8 ool 8,50 Judaid 53 5B 5 (s34 bl
393> LCA ;5 (cwyp 3590 dmiw (b awgie polie
2 3 olamdl Jhis il gl cnl g Wb oo a5 VY
(Rahmanietal.  yoocen 0,10 650 S50 (o3 ke 9o
L1y el e Wy Sy e 3 39250 (52 5L (2019
9 590 Ay b3k Jol &5 o0 (oleiiy (552 Lo 4
P e 6B b s Jdad 5l (65,0 alicews
53 @l 05 Awlie IWM-L Lol anls (ass
Ss>g0 (Sg,lw a5 ol lad LCA gleasun oo

O 2 &5 eoleiin (90)b 9 (Sh e (S50 )bw (n
ConguaS &l )5 a0 o] 70+ g0 «2dlbb silows VO
9ly 5l (295 Wlowy olyogpy (Siule 1Y 5 050 Jiiie
w9 Jie 6551 (Gbib b (b Jdod 4 CengeeS
bl o)l LCA glaazw Jlate 3l 1) o Slee o s
Moy Cu e aliSie (g1l gy () Lo sl ]
(S5 Bran amis my 85 LA 0 L 0 0
a5 5 (s (Gl ¢ g Slo g5 slALS Sl lS

!y Jow s gls Scharff and Jacobs (2006) .l
G Soslail glaools b1, Ldasd 518 jLacs! e Cg
B bsF bl s T anylie ( Ldod aw jl ond
@bl 5 0 Sl i 5 iledae G SL;
59 0ad g pSeilal mlls Sots ;o Al sla Joe
05 Slgning 5 350 Selite JulS yshoay ln Jood S, o
S0 sl Joe olei iy slodls 3l (6 So,0 L aS
,o Bicheldey and Latushkina (2010) .5ge3 0,5 |,
S9ST 0 odls i Jdadd g0 0 Sl adlllae SO
w55 958 @ b lagl jLasl Jeily e
2 B Sy B ols 8 (o 3550 [y o oo
sladle ;5 (S y8ls 2be)S 6551 algs cuz b
soliw! L Boyaghchi et al. (2013) .oisS™ s | oo |
CO2 e sloyl5” olie Jl 4530 055 (25 Joe 3l
—waq.e‘?ogfoljkjﬁ_éad)olj(SOZ) 38 SauSlso g
Wl lis sae] Cawday el Woy e (65l 4 2L
Jlo Yo b dad ol o eads 0y slasls JS oo
MLQ.A Oy R X Q)ﬂi)a u.wia).uo 05"1"" YyY
oo a5 3l Glis oy Wilge B9y @l b Joe bt
A lie el lie 38 gl B4 e sl slyls
s J 7S 5 oo S e o gl slasls o s
Jolee pSannSles S8 gawe £F s 5l olis
ol Rezaee and Abolhasani (2018) .cuils (COgzq)
s S s el 90 0,leds Judold 6Lm)’lf WY
oS Jol 4 0 25 o leslitul L) (6550 (b
2305 dulie g0y dijlge B9y L 5 1) Joe s i
ol bl aes o Hlid | (sae ) YO i glas oS
Jdod G GRIFIL g ey Jsb pe g8 Gl ol
4 00l 0 dgi COzg (e S5 (pytien 5 Whee 2015
S VTAF Lo ;5 o5 YAV: 5 05 10+ Sga> 45 cas
5008 TP g WV sgam 0 s a lagy] lade (o pieS
ul.m.: LQU—‘ @Lu oo Sl 00 ‘))51)1‘ VFYF Jl.w

e (Jedadd 58 S slaghs, 5l xS b ob

VFee sl oF o lods (om3598 0,98 ¢ slawme pole anlilad

Y-v



3o 31 (8559 50 0 o sl

G )0 )l |y oySles e LS 5 3 Gloyes
sl o ;0 LCA Slalas plxl pus 4 azgi b Lol>
az > IS oyl sBaso b oIS liwl jo ailewy 480
Sz es JpuS Bl g 3g g dlewy Sl
s St LOA i oz (o S Cy g
oolaial 9 90 (bl 5 Ca e () 99 oo 550k
ONlig 95 99 (Bod 5l (6,500 i po s S I8
Olyeds Jodod 5Bl eslanul g (Jrie) 5o e
b 55 goladl lae 51wy 2SI adgs sy 3 C g

Db dlie S0,

L 99, g dlge

dalllae 8,g0 adlnie

VO alold ;o (gl (S dilaie ;5 (gl B0 55 1
Jlo 51 85 sl o gly o) o 5l (6 yioskeS Yo
YO 5l o g ool el T jo all; ods cudlad VYEY
0557 lasilony (85 (salls oo (lgicas a5 ol JLo
by 0sipdy 99,5 (o0 )18 o3litual 890 il (635 50
lra i e dsego (LA (Gagd (Il slajpcd
S S Gl Sy adbe liici) 5 GlbazsS

W PR 00)9T \ Jj'-)" o U‘j‘)“"" O.ég)

10 w2dlsl 1V0 solgiiay syl a5 Ol las )
@ 52 90 Slasilony JEl 5 jom ally YO g
Supde Sz gl (e Olped (Sblag Judad
(Zazouli et al, 2020) coul ;5 o 0 Sloww
31 eolaul L <Wanichpongpan and Gheewala (2007)
;5 LCA adllae ;5 (GWPL00) bz iole ) ami
ST aS Bopw; el ol 4wkl j5iS sla Jdodd
sloanie b Sass bl praiz 5l esliid slre
Sz O Sl g Sl 55 Lol S o8 Jis 5 o
Sz oleyS bl sl soliiul atuy iSUl adgs
s> Beylot et al. (2013) .cuils walys (6 5SS L
o ,l8 (o e y9au) Judadd 58 o e calisee >
losliinl g Lo S 5 3 Olojor g5 (slp 51 5l ool
laazin e 1, (Gupgl 3 S g plyear Bo
olo lis oy s 9 20,5 aslis po L LCA (il
looains| wly ety Sloamio i 5 o
(rylaoe Soew 5 (S95055 (PO) (oloontisid
e sl 5l (n yeS adis Jlug S g (lreas ool
3 (OD) (5l Y adss il sboasw o 55 b 1,
GileS (S pde (g a0 Sles (Silb w8 Canons

a5 gy GWPL00 aoxiw e 3l Jy ol U

(Pirooz et al., 2010; Sabetraftar et al., 2010) Silowms 25 5067 5 lglpmr (435 3510 S0 SS9 -V Jgo
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Fig. 1- System boundaries and processes involved in life cycle assessment
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Table 2. Time series of all counties’ population
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The counties’ wastes include both urban and rural areas
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Fig. 2- Emission rates of the Saravan landfill biogas in the first senario
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Table 3. Emission rates of gases from Saravan landfill in the first and second senarios
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Table 4. Summary of economic implications of two proposed technologies
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The annual cost of three 1.2 MW engines including the maintenance cost of biogas hathering and flaring system is equal to 18000%
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Fig. 3- a) Global warming potential, b) acidification potential, c) photochemical oxidants production potential and d) ozone layer
deplesion potential for three biogas management cases
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Table 5. Relative contributions of diffent process in LCA indicators (%)
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Introduction: In addition to causing pollution, landfills also produce greenhouse gases. One of the best
methods to assess landfills' environmental impact is to calculate and compare life cycle assessment (LCA)
indicators to determine the relative stability of systems. The purpose of this study was to evaluate the
environmental effects and economic implications of different methods of Saravan landfill biogas management
in Rasht from 2024 forward to determine the most sustainable method for Saravan landfill gas management.

Material and methods: Two scenarios were considered for biogas emission estimation from the landfill. In
the first scenario, the landfill will be closed in 2024, and in the second scenario, the landfill will be in operation
for another 20 years (until 2044). LandGem software has been applied to estimate the amount of biogas emitted
from the landfill and the accuracy of results was assessed by the mass balance technique. The LCA study was
conducted for three different control situations, including an uncontrolled base case, flare utilization, and
electricity generation using internal combustion engines in openLCA software. Waste transportation,
landfilling, and biogas management was considered in the system boundary in the life cycle assessment. The
leachate treatment process was not investigated because of its negligible effect on the studied indicators. To
estimate the emission rates of wastes to the atmosphere in the life cycle assessment software, the LandGem
simulation results, international emission factors, and data in the ELCD v2.3 databases were used.

Results and discussion: The results showed that in the first and second scenarios, the total amount of biogas
generated in the landfill was over 6,600 and 10,500 Gigagrams, respectively. Also, the relative error of
LandGem in predicting the generated methane was almost 3.3%. The extracted gas flow rate in the first and
second scenarios from 2024 was about 1500 cubic feet per minute. Two flaring and electricity-generating using
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the internal combustion engine methods have been proposed for landfill gas management with capital costs of
639,000 and 7,120,000 U.S. dollars, respectively. Their annual costs were 18,000 and 918,000 U.S. dollars,
respectively. Examining four environmental indicators in life cycle assessment showed that by applying flaring
and electricity-generating using the internal combustion engine, global warming potential (GWP100) was
reduced by about 30% compared to the uncontrolled base case. So that, the equivalent carbon dioxide emission
was almost 3,245, 2,311 and 2,276 kilograms per Mega grams of input solid waste in the base case, the flaring
case and the electricity generation case, respectively. Moreover, the photochemical oxidant formation potential
in the base case (0.7-kilogram equivalent ethylene per Megagrams solid waste) was much more than that for
the other two cases. Meanwhile, the ozone depletion potential was equal for all three management cases.

Conclusion: Given the LCA indicators and economic implications, internal combustion engines have been
suggested as the most suitable option for landfill gas management after 2024. It not only reduced about 30%
of the global warming potential, but also produced 11,000 megawatt-hours of electricity per year. This is almost
equal to the average annual electricity consumption of 5,500 households in Guilan Province or 4,000
households in Rasht County.

Keywords: Global warming, Landfill, LandGem, LCA, Solid waste
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