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EXTENDEDABSTRACT

Introduction

In recent years, operational costs for sports clubs, especially equestrian
centers, have risen due to increased energy prices, waste disposal costs,
and environmental regulations. Sustainable resource management and
advanced technologies for energy recovery from club-generated waste
offer a new competitive advantage in the sports industry. This study
proposes a practical model based on field data and Life Cycle Assessment
(LCA) to supply part of the energy needs of equestrian centers through
recycling horse manure. Previous research integrating life cycle
assessment with energy costs and operational consumption shows the
importance of combining environmental and economic dimensions,
applicable to equestrian waste for sustainable technology choices like
direct combustion or anaerobic digestion (Farahani et al., 2021). The
rapid growth of horse breeding and equestrian centers in Iran has led to
large amounts of organic waste (manure and bedding), which if
unmanaged, causes pollution including groundwater contamination and
greenhouse gas emissions. Horse manure, rich in organic matter and
nutrients, is used in many countries as a renewable energy source via
combustion or anaerobic digestion, but a comprehensive scientific
approach for Iran is lacking.

Studies highlight pyrolysis and microwave-assisted pyrolysis of horse
manure as promising for reducing environmental impacts and enhancing
energy production (Mong et al., 2020). Swedens example shows
substantial potential energy recovery from manure biogas, with anaerobic
digestion offering multiple environmental benefits (Hansson & Eriksson,
2015). Challenges such as high moisture content and bedding materials
influence energy recovery efficiency, but technologies exist to improve
this (Liu et al., 2021; Wartel et al., 2012).Research also supports using
Al-enhanced LCA models for more accurate environmental and economic
assessments of bioenergy systems (Omidkar et al., 2024). Despite
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progress, integrating waste conversion technologies with intelligent tools
for comprehensive environmental and economic evaluation remains
limited. Therefore, this study aims to evaluate the physicochemical
properties and energy potential of horse stable waste in Iran using Al-
based LCA to assess the efficiency of combustion and anaerobic digestion
for bioenergy production, contributing to sustainable waste management
and energy recovery in equestrian centers.Other related studies include
methane gas estimation from landfills (Ebrahimi Toulon et al., 2023),
thermochemical and biochemical conversion processes (Chung et al.,
2023), integration of renewable fuels and sustainable practices to reduce
carbon footprint in equestrian centers (Phong et al., 2024), and the role of
bedding materials on energy recovery (Kusch, 2013; Wartel et al., 2012)

Methodology

This study evaluates energy recovery methods from horse manure waste
collected from three equestrian clubs in Tehran. Physical, chemical, and
energy content analyses were performed on manure, bedding, and their
mixtures. Two energy conversion scenarios-direct combustion and
anaerobic digestion-were modeled and assessed using Life Cycle
Assessment (LCA) with OpenLCA software, following international
standards. Statistical tests examined data characteristics and relationships,
while Al techniques like machine learning and decision trees enhanced
pollutant classification, environmental prediction, and scenario
comparison. The study aimed to identify cost-effective, low-carbon
pathways for energy production. The LCA compared environmental
impacts per megajoule of energy produced, supporting informed decisions
in sustainable waste management and bioenergy production.

Findings

The examined horse manure has high organic carbon content and a high
carbon-to-nitrogen (C/N) ratio, making it suitable for anaerobic digestion
and biogas production. Although it contains a relatively high ash content
which negatively affects combustion efficiency, its heating value is high
and acceptable. Anaerobic digestion results in lower greenhouse gas
emissions, reduced acidification potential, and more efficient resource use
compared to direct combustion, but it produces more wastewater. Direct
combustion is simpler and less costly but faces challenges such as ash
management. SWOT analysis indicates that horse manure has good
potential for sustainable energy supply in equestrian centers, though
challenges like ash and effluent management remain. The findings align
with global studies and can contribute effectively to renewable energy
development and environmental management in sports facilities.

Discussion and Conclusion

The results of this study indicate that waste from equestrian centers,
especially the combination of horse manure and bedding, possesses
significant potential for sustainable management and bioenergy
production due to favorable physical and chemical characteristics such as
high organic matter content, an optimal carbon-to-nitrogen (C/N) ratio,
and a suitable lower heating value (LHV). Anaerobic digestion is
environmentally superior to direct combustion because it substantially
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reduces greenhouse gas emissions and produces high-quality organic
fertilizer. However, direct combustion, with its lower investment cost and
simpler technology, can serve as a temporary and feasible solution in
facilities lacking advanced infrastructure. Beyond technical and
environmental benefits, the findings offer practical management
implications for equestrian clubs, where managers can utilize renewable
energy technologies and green economy principles to reduce operating
costs while enhancing environmental responsibility. The study
recommends that policies related to sports and environment prioritize the
use of animal waste as energy resources and promote the development of
green clubs as innovative and effective approaches to managing sports
centers sustainably.

KEYWORDS
Calorific Value, Clean Energy, Artificial Intelligence, Sustainable Sports
Complex, Environment.

Copyright 2026 The Authors. Published by Payame Noor University.

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International

license (https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided
the original work is properly cited.

https://arsmb.journals.pnu.ac.ir/


https://creativecommons.org/licenses/by-nc/4.0/
https://arsmb.journals.pnu.ac.ir/

Lollad

S99 P 30 (S gl Sl fims

(V=FA) Y- F lio cuanty 5 obxty (ol psm oslass oadslas Jlo

& DOI: 10.30473/arsm.2025.75440.3986

E-ISSN: 2345-5551

P-ISSN: 2538-5879

«‘s.?&gjg: lao»

W95 9 GIHU Hlaw S dcgosmo Wlowy I (s ) (83 91 e W OISl
Egman 90 ¢ i (LCA) Ol 45 > ol 3 ooliiw! b !

Towlog (o i ' OLSNSGP B 315 8

SR
S ogy 3l odlaiwl ¢ Wjyg 3STpe oyldl 3 Jatecius; sladcacs o (g5l laania iuli8l & asgr b
onl sl o has bzl BByé &9y o & e Bpae (gludingg g Slowy (il (sl &gl
Bl ssilony I ;G551 Mg upde 5 aprecin) (B (Pl () Saa b adlas
SolRil copie sly il s G plgsar U ol 0l plosil (sl i 9 355 Jold) (5)8)lg
g 03b yglaer Ol el ) ) g oL aw | Sl slaodls 335 Zlae lpl 3 (B
b comizmen 285 plsl bodiges g5 g W5 ekl g )l ) o cberd Slagiile]
odls oSl ohan 4 OpenLCA Jldley o (sgiae Shgn » (ie ilodie J spSore
o9 Lot oSl .ab pbuil (ilon o waan g 5lynl oyl 93 b 45> s Ecoinvent 3.8
Pl S8 (ot ; Gl b5yl (giloding 5 odls (gairdind «(giludnd €83 290 4 (Eotan
53355 4 5 Cenn 9 2SS 3 Jg3slS WA S 33 b 258 o8 oo s Lol o,
Bl & Cuns Gilgnig pan le 4 Jdod 53 )l e 551 W Sl (alie bulyd XY/
3 {inlS 778) lie By 5 ((20lS TYA) (IS (slofS Liml inl 55 (syizg 3,5k spefinn
w0l yials |y Sllee sladsie Wlg o bagyolis cpl slal ¢ biye Copto Jaie I ob ol s
G 4y |y 120lSL yrno g LS S8 s Xy drisgs 4y cdd )] 1) ol8SL (gl (63l ghne
il Jlsen gyl

Sl slaejly

o jlagme lb (W)g dsgesme ¢ Louan hga S (65l (Il b))

wajlaze 5 Glyee cale 09,8 olutily )
RS oMol 3] oty 38 pe 5
oy

~FoelS sdige 095 55 ety ¥
A Kl g ol 2l ey
RPN IRYI

R R ey T
shkhoramnejad@jiau.ir :abbl,

VE¥/ 0N il ) g
VEE/ YA By g
AR TARVEA RO i v PO

:@lio ol & dliw!

(VFX) L ol 9 3155068 b3l 55p 5
loy 1 ) (8551 W55 (oo Sl

b ()95 9 65 lgw sl dsgecme
siwe (LCA) wls 48 > oo 1 olil
slogyingjy cole dolidias . gz yoon
OY=FN (YN (idisg Copdo 0 (35

sl 5 ol o805 s gl S35 VFoF © ool ] St & Bl chcs (gl L5 3
sl Jme g5 oyl 3 g ysie bl coley b g dlie 4 gusmo Skl p byyie )] 51 ()0 e odlitul gg5 4o g odd piitio o alsS cos dlie ol

Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/)

https://arsmb.journals.pnu.ac.ir/


https://doi.org/10.30473/arsm.2025.75440.3986
https://portal.issn.org/resource/ISSN/2345-5551
https://portal.issn.org/resource/ISSN/2345-5551
https://portal.issn.org/resource/ISSN/2345-5551
mailto:shkhoramnejad@iau.ir
https://creativecommons.org/licenses/by-nc/4.0/
https://arsmb.journals.pnu.ac.ir/

NG (a\ﬂ—;/\) \F-¥ ULMM) ‘aau_vlu &y D)Lo.‘f) NY-¥ le ‘Lf‘:})‘)9 wﬁ_\n ) ‘_5'.)).3)[5 ‘_glmu,“ms); ‘_;olf— aolilad

o Loy sl o Jls ol U taiims Liolsdl ], ¢ S S
2 Solgls clogy,di g oo N slaca w
S5 ) lod i 0a )y 50S ol gy 0, Slos
cBlye a0l () yg Co e 45 cowl ] oaims Lt
5 Siimp Lain U ol an |y (oolatil gblio 45 0L,
&S oJL:.; &m <\:.ol> olé)
oo o by slacyld il S35 4 ns
bl plpiean 35T ol g aily (6
b bl 51 (g plemunn 5> (ool g (20 85 ¢ D)9
3§ dangs ol slodaly 5 So blazbly S
.3._;‘9:‘;0 ‘u_wtmb Copdo Gyguo yd 4SS ol 0l
STl alon s jlae (Sdg Il 4y, e
gl sLajlS g o )Ltl (o tiojj glac]
Slg—s g 5yl cgodi s 5l Sy AS el 255 9
);bl_aa d‘)lb ol (b)]g_{l_'S L ols J._.;Lo) oy
=S 9 b <39 (o dly 2 J B
)l d)L_u.u D0 9o l_muf).»9 L)—’1 J_wl.,u.o
85— aio laisd o wldg S il dayg S
Gl o sle plaa 013 5 b 5l pi g
0=l L 93 610500 (SSls2 0 pmdh g e
Sl e g pela (09,50 o=l 3 08U Jb
a3l 5yl adgr jekaieds Lol ol 51 edlaul
lhm o (o)LSbl) p bl iagi ol sl
LS)K)]?—“’ )_ﬂ)A Jo 05.3.“_{ u_.aﬁ)lo L)—J] )I oalai !
Ol a3 2Ll g 0psite M (iluding adllaor
Sl el 35573590 )3 ga99,0Le 2L gy
oololy (6359, tadilony o pie 9 (5 HS )))
Sibwg 5 GRS Siyaeby lp Closs jos 43>
2 gl cllls (S aplatle goiin > <55
L 50 an ol i 5 ol Wiloiy g 000 05>
o bomrpe s (650] 4y sbashg, I eolil
W93 ol g ol ol 355 519950 35 (o) 2

.

4ol

(hiyg Sl (Jlles (sladiza ] laJlo )
5 sl GBS @ ) )lse STpe ohagn
(59, sshamoluns ) Cydgiome g Sl @8> 4l ja
5 @b Hlub Co e oyl cpl o ol dtsly i)l
NPl il Glp ng slayglis I el
Cose o leisds dbelfil 4 odiudy slasilew
GhegR d9d e zihae By Cele 3wl (1B
o gy 5 Sl leodly Sl gySose b ol
Se dly glpl @S (LCA) cls s
SiFl 5 edS Sy & e )68l
gl Slowy <8bil Gk 5l 1y Sle o) (80
S el

o Ly alio 5 (Yo7 o, Lsan o Slalyd
Sd—elip ) gy y—os A2 0 Sy
Srasgeome gly (65, Gl 9 SIS
S bl eledl gl ) eels <bplasbe
Slikes (5,3l Byae ()bl Jlos Ly (unj yoe
3y Sugy ol o a Sl gla e sl Jo s g
5 S ilae GBS mre—al )3 ohagd 4l
sl flojen ©yguods dST> o)y conl (golaidl
=3 sl 1) (55—l s ) Sos 5 Jazoc
Sl dallas sl 0p)LS 059> d 5T a2
2 gmeodls Jolid ol ol (ot )
5 ey ol S ol LCA - | los
3o ol iz (658 e M5 4 (3l ad
STy Slolay yas a3 oo 4 Lol s
09— () Al JLESl el (59, 5 ()l
sgxe Al-Jace dangs dlp 2linnj Slgioe (o5 5
sl (i g 03,5 oal, 8 OpenLCA oo
Ale gl slais)sld oLl jl Sl »
A8 Wl esln o mdn b maiine (3

csladlio ) (Y+¥0) g5 9 SLS3) plaul
339 Mgy 5l LS ST oly e e ou
aS Wdaixe Al S L ol ol olilue



0A el (55950 9 (65 )lgw (sla degesme Slowy 5l (6551 Mg (il 0ai] o g LolSe S

L (—dogdy 53 Yo VY) (hlSen o 9g5 (ol
UL“" )l._f u])_.uo LandGEM )I)_slm) )1 ool
a S woaby i mu,S by alj 8 o jo (sades
Sallj sjlon e w30 I ol B (25 LB poe>
Sl i Xg) 9 398 o0 Mg adlaie ()3 g0
ol Slaa ayluliw! oL gllas albj o8
Ol_§.o‘ 4OLL: )'lj d\fl_g e ).309)'{; cG)LJ uoL.ol).g
2313529 G g sl S cnl Sl ol e e
Mzl g g5 muie Glaisas lie 5B 51 ool colys
Sl glajls Lawl jials les Y yulas
b Copde Gl i gla)Sal) plysa
Ll 005 z oo dalaio u)l 5 Sl
4 dizyh pp Ogr e 3L IS 5l bsL
595 5l Gl a gy wilo Lol el 430 LB sswwas

9 Cupde dS A flaie (Y4IY) LooS dllis ;o
5 OgelSidy 5l (EalS wile (g pSoin (larzrociny

byl o)l mels LBy cldllas 345 ¢ Jbs opl b
sbe el 3957 ()l (055l 5 (plesd S 5 (585
Ee ol 5P g sl o S Jde drwg
Saa by Gadod ol oplple 050 jled 4
Jeili g (alerd (38 cla Shy (i
Lol olnl 6)8)lgw 315 53 cosl Slowy 2ljis3 5
5 3l G S35 W @l Ghe) 93 (larecin
ol 48)5 518 2L 3550 Slep 2 i

Olg—ie L V7Y o )LSen § SSgn alie )
S 3] s SLmgs a5 i
el g i Seelindge i (i slag)slid
o 2 yole oldllas jl S a5 €81 slassg,
Sl gy (2 sl Sloug 039581155
o el 395 Lo el bosdon 9 alendge
5 Sl GBCESS ol )9pe 5> Canl (555
S e 3 048 ool gl ooly lgisar |y 59w

3l olyon 4 (LCA) (S5 45 2 Jbos
el Alg5 o gy oyl a8 ol LS o prienis
ol g (el Ol Sl (gl )y (w25 LB
aS el o 5l S basl wsb awsh 550 Mg
l) ) dl.tbo.\_u\ﬂ ..\_u‘yuﬁ )_J9).u d‘LbL_i.uS;
LS ol Gilidl ]y S 6550 003l 5 00ly ials
S5l Mdgi 0je> 5d Clisiod asldl gl wlio lus
o 9335l s0 w8 gy 350 Silowny ) gt
slasyls g LCA Cople o 1y sl gly g cole
55 o 3 lisesls Juow 5 Al siile g3

sl 355 (Y10) (yguSy)) 5 (i Slalllas 5.k
rimhies sl pl g sy (e g B e )b
2 el Y8 [een dgas a1 (8,5 Jlas o Loy
WS o Adgi 368 9 (anlee V¥ 29 AVl Bgu
S5 JS 5l o Jolan Loyt & cyles a5 5
Jolis a5 )y (eoasie JareCunj Blgd Cuwl D58
s Sy 5=l adg slaslds lajls jial S
Pgden sdan o (b5l (pizmen g plidaod

sl 750> by V4V 1) hlSen 5 SSse
Sosliwl by gy Jolod Slomay ol (21381505)]
9 e i LS S gi o )6 & Cunl gag9 S0l
Ailge G0l (plend OloS 5

yols GBS 4 a8 05,5 oy (¥ 1Y) Ko 5 5
a5 et el 398 it Glysl o )
ol YL Cugb) dizpn il iyl (S8 o5
Cagby (BB 9 o0 Cgucme (il S (g 15+)
sobdn 35290 (65,51 lde g0 VY ials L
3 oo il 1) S g (6 iy STy (¢ pKedis
S sl yuito )b ol Slse 5,5 m (il 4y 1) o
O™V X AXO L5 Y)Y o5, (65,0 A Jolse
WhlbSen 9 J)lg) cosl 50js o5 o lil & sk
5 oid) A5 15 sl 365 51 B cslo clslS.S
.(Y’ \0 6OM)|



AR (b\“_;/\) V¥ ¥ ul.wm) ‘QQL;:L.J &y o)l.o.«ﬁ N¥-¥ Jl.w ‘uﬁ})g Cupde yd Lg.)).g)lf Lgl.muﬁz’g).o Ls"‘l'c doliliad

ik gt opl slaadl ailen a5 digy palalags
A5 LCA ol sy9ly 55 5YL cds cels

Ol L YY) oS 5 s ot i3
dwg )3 (g Bl yslid o) Juo (Shb»
09 Slsysls Cun)lS Jao lnl SBen (5555
Al by Ly o=l (GLSen (359 dags 5
oy s gisd ol bl wiled S sk sliesls
Xy Bl Jslse yaedle 4 S ol
e Ghigel Ale (olwdyenl (et sloadlhe
35 (o tiS s s o blSal g (g jlocSim b
o=l laasly 55> (ngi (6)9ld Sl S o e 3RS
byl o (B 5 ()9 dxwgi Jold w2 ¢ Jde
el el iy g (g5l
Bl wyp o clel b § Ohg 0 wlidss
e ladidos Ly Wlowy Jias slas9ls
Sodgn Lol U Loyl 58l g coul oad aslyy
o> adlie [yl @85 Iy B angi)g e teS
Sbdsgorme Slowy | (s S35l Wi (Aeiw Sl
Ol ad 2 Jlod jl ookl b cusd (8595 9 6)8 Mg
e egian igh 1 5 LCA)

DR (el 95
i oLyl cslaswgi— (60,8 jimg s ol jo
3529y Lo sl Wloay 5l (65,5 a) i o dise
et (g5l Jse o (il (il
Sy oKl dw Jolis (o lol dnels sl 43,5 & g0
0315 355 jl (albdsiges 45 0350 (lies )3 )1 )lgm
G ygao 4y 9d O—’] u_.f)Jso.\_wd)m).»_u»sw‘
s ooy JLanl oBislesl 4 g (gyglgen Bolas
(S (Sis Do gy wile) (S 5b (sla U]
JaS (bgy 0 IS 0395 IS I 00)S) e
colia g pH (o5l s oS b puwly 9 yaud
ablee L ol (S0l (83)]) 31 5 (=S sl
gyl o (85 el ladises 59y (SSYg

1. Semi-Auto Tuning

L o lis sl (160,88 yme Mlown G oyl
SilwsiB Lolon (Sl o 1 spSope &S
Sl a5l Ay Glali8l yopMe A Jlgi
hLoeb ise b cudlil Sl (il ite Jaomo s
LCA Lole 5,8 ssiad )l aalllas oyl a2 ials
Slony o e (sla g saelS romis gl
oS Sl elie (glan; 9 el (551 4 sl
o ols as p o jledlaiwl o e Baios
A8 o ol 555 s il glagy )l

Oy Lo (VoYF) phlSen 5 S5gd atlie
Ml sloag) 5 plihios s g jluaz LSo»
9 oS Pl il sl (205 i gl 3S1he
(83 )8 dy50 5 € azecins ; @il Lials
Mg &S () g 3550 S yd 4B )S )90 lanlllae
il b olyor cunl 355" (Glon 0 s 3250 51 ) G
Ol Beios ol sl 03,8 (cw) (38595 b i
YY/YVO 39a > Slg5 oo ol 3657 51 500 ddgs a8 0l
ABI¥AD Ly y5 JoLs 45 008 ass i o o
i plEdl b pizmen ol (3 sl OlgalS
g S Ol Gl LS )3 S g a5
1 ol 3550 oS AeeSlied YL Laml 5 7vY
2 S5 )l sdes LIS (328 Jbe .
2 Mol dws gy g e Ol Gials
98 sl g md 0 L (24 ]y ) )lgw Sy
dgud (o0 Dgme dodie )3 gpln GEBGT (B)xe Cu

Olo=is L oVYF) (hlsen o ,LS el 4l
Sy SeS' b jos ad > g (oolaBl- 28 L,
3 5L cou (T aols wlowy 5000 30133 51 opsiile
ols B Jdow gl e cdd )l (ol g € rudo
orle (6531 4y iy Lot oS 5 (LCA)
Somas b oo (583 dlin .Cunl oad odliiwl
sleodil (wpin slm (ANN)  ae &S
48,5 )5 4 GHG wile (ole adli 5 (g5 sl
a oliwd 4 3890 (g0l slmesls Ly 4 i
Cams Wl (ol yiol )b s 8 )5 .05 < /ARYR
031> Jae 4 (63959 anlteas LHV ¢ cugb, (C/N
s plai slaty) L ANN 5, Slos 5 a3



o dmoau Y canases clp dwdle (630l
o onliwdiz dmlie g Jaelunj slaadls
A9 s S S g paaiaeS by U Al 8
sl Jao jloslaiwl L cpiorod (s (puni (55 55]
sl )3 (S prenal 353 5 (Jad pd (g )5
sle oL » Jl>s RapidMiner 4 Python
5 (C/N) 0ot am (S it o iy
4 a8 ad plonl conlie Gl gw (oS g aed
o 0,5 SaS Lo o)l oy 9 85 (38l
I g5 g gl o (LCA) b a3 2
L-ilon o pdd g el Gl -l Silowy
5 Y/A as.s Ecoinvent osly oL 51 (650 o
3,Sdas anlg b )5 plosl IMPACT 2002+ 5o,
SSITL (S 35l Joile S Mg (Jeloo
2l 09y 9 (nl Olee 38> (slawalio b ad iy pos
S JolS o Sl gl 3,505, ol 38
hobe &g Jolye plod )3 gyl o oot
oo )0 diupy Slogeal 350l dy 5 didlo juuno
5 o K (55 155 5 Sloy

d’&g}g Sast
) ol Slowy olowd 9 (S50 sl Sy ) Jgin
B oo obis

el (55950 9 (65 )lgw (sla degesme Slowy 5l (6551 Mg (il 0ai] o g LolSe S

SSlype mmdh g peline Glynl Jold 6551 oS
oalawl b 0%y 90 s Ol 4 > Sl 9 04D u}‘).‘o
L ipen (cdpiy 50 OpenLCA Jljsle 5 |l
O—.’.l 51 eolaswl dl.:ob).,.:b\) ‘SWOT‘J}I}” 5! S S0y
35 L8 ey 290 Olrl 53 lewy
(_,’.Ou_aoy )Lo] )I oaly u}.uoy LS‘)’. oo L)il 50
o5 Jley 5 4 okl Jline Blymil 5 (5:Sile ol
o)) B pranl=Gg S 5 alsS y90il b oodls 595
L oad (g pSo0jlasl ol de dnlie gy 4,5
C)?")'T walizes 3Slye o duolie b x>y (sl lslinl
G 23lo o pite (o (Shusod 9 dlasly (o) 62
o923l il i)l g (CIN) japis an (S
(_,’.Al_ad A ealawl OIG— u_i._w.o.m w)_Ao
pLol Y8 s SPSS lisle 5 b o)lol (ol oo
OpenLCA _anass jliblep jl adllas opl )
A,S)_w b_wy:k_g.\_wo.)l.oa_wl YAY Y ase s
e g atbaswg ld] GmbH GreenDelta
ISO 4 ISO 14040 Mol -y (sbas,lslwl L
gl 2l g il e (14044
dLhuf)s) )_3093'1.0 ol 04 u’_'>l)L> ‘_,’.E.O:AW)
il souas g slagyeld daodly oo i

sl Wlowy (oloonds 9 (So3d s Shy Y Jgi

Slme 1,00l (o el 25k

64521 % g

355+ 18 % (TS)cSct ool

24312 % sk

348%1.9 % (TOC) J5 Ll o
1903 % (TN)JS i

23124 - (C/N) i

1824 % 146 me/kg (P) o

1125 + 110 me/kg (K) ool

S (o e ) S dlee Gk 3 ok )l U85 dnlone el F Joi>



) (OV=FA) VFF s DO gl F ojlos VFF Jlo (3)y5 Ca ot 1> @35 (slosingy sols dnlilad

ILHV( o2l () (53] anlre glajiel )l Y S

(%) 539 22 S 75051 (g, P
FF/A CHNS ;i (C) ons
KAl CHNS 3l (H) 090
A0 (A PWHEN (0) yis!
VA Juls (N) o395
gl o ol (riwcib ()55
KJ/kg\a/A- - Alalae b 4sulas (LHV) ol Sl i)
S0
(%0) 539 2oy SxSejul b, selib
43/8 CHNS ;Jul ©) omys
odd B )F o )3 gl 93 (Giludre cpl pamde B JbS Giledie p S lejall & Jgar
ol ol 1y Wlas 5)ly OpenLCA lblsy 5 ols

le 48 o 5 il Jde sla el ) Y Jga

Olaswin [/ Hlade Falyly
OpenLCA 1.10.3 S3le s
Ecoinvent 3.8 oaly oKL
IMPACT 2002+ <l bl by
SerSIL ) 51 M 3 Sles 25y
(Cradle-to-Gate)sjlys b o)lgeS 5| i 5o
Silgpig pan [ eiime (3] gy i
A o i | puiane oboly ey Gl dawlis s F Jgio

Gl g ilone man g)luw 9> <l 1, LCA

e Glal gilp g par daseeCum j pad LS

0/324 0/070 SIS el L]
(kg CO2eq)
0/030 0/008 O sl Janily
(kg SO2eq)
0/003 0/000 oI (Sogll
(kg NOseq)
3/43 0/34 aJgl (MJ) plie Gy
bwgie oS Sl oMo 48l
(pa e s jluzel

A2 0 djl)l l) Lg)‘s)‘y» LSLQDKM:L\ 2 () d)):l J.Jy Lf‘)" w‘ JJLQJ-M) )l ol SWOT JJDO A J9A>



Y el (593 9 (638 lgw (sl degatme Wlow I () (655 Mg (i) Sel oaily g (LdISe 5

d)K)I&” ek 2O o) djjjl .\:Jy dl)% cwl .\JLQM;J )‘I odliwl SWOT J.Jx 0 J,J-?-

Gxo bW
Bl ageste & (AVEIT) uSls (SYL olie O

A3 o yialS
Olipos sl YU s aup O
3 by sl il slogys bjgel 45l O
s S5 ol

wed bli
ol 365 (c3ke oS 5 g cawlia C/N s ©

Bl b 5B e s el canlie C/N e 9 ool (YL slgie O

Sbylas Slasl sl joilh 3929 pas O
558 olgieds oslazwl B O

an3e Ll ) 3lyisl 035l & (6lS w0 )lS15) Lign siam 3939 O

oy
Se S sloojon sly <ol 395 O
oo Slasyld 4 oyhrasseme 8Me pas O
qwe spplypas O
5 quo.bl G\mz.ocm.\.:) oMuie O
Sl el Copde ©y90 O

Lﬁw;&
2945 > )8 g slaasgore (BpS O

o oSl S lgiedy oKL Koy g Cute ol dbgl O
SRed B 5Pl g b g 4 (Siuly JRalS O

OIS gleps glp cll> O

el 9 (p)SokS 2 py5 oo VAY) i (VL p3lie
4 G 85 Slowy (pl 13) p SIS 2 )5 (e 1IVO)
YL 55l g conl il (o sl I (6)lews
Bylae ¢lp 1, )Digestate) b S ol 368
(YR gnge 9 OLIS) W3 e (LS (59liS

Slowy (2lbosd S 5wt gl Shy 550 ]
oS sl (2oyd /) T 5,555 ol s ke el
sobds g (30yd +/0) (555 355 3,555 (liee Sl a8
ol sl (103 + A L) Epe 355 5l a8 (a2 g LS
355 wSleey Hlinl el cage Coogad
by 22l @S 53 g 3ll anl$ 3(SO2)
D9 oo Cumjlame (4 (gl

ool 355 s paie S 5 soyn O Jgia ol
olie gl o) Slews ol & db olis
(223 ¥/¥) 03904 9 (303 YFIA) ()" (298 S8
Ol Gl OV om0 (et LA &S
4 Cad ol 395 ()5 Gl S (o Wl (LHV)
365 sl dY-YY) 00y Lawg snd byl olis
YIA 5 cpyS o3 Yo/ (g9 bawgio jobay &S (598
ol VL 2 LB jsbd sl (g)kn do)
Wle (alS (layia g4 5l (AU Baes Cglis (]
b a8 sl (&) g S)he 53 Sgpge oS 5 0,lSL

5. Kaliyan & Morey (2005)

90 Sl Sy slapile)l @l O Joo
ol 30 Jlesle S lgie o am o ot |y (g 2
Comd o ol fowl ool Cand 4 o yd YE/IA L plp
AMg) 039 YL H(aoyd Yo U YD) (595 3¢5 &
5 o)l wle (ngx sl jpa> ) (8L g (VYT
s Liall 4 yoie a8l sl 355 (S 5 0 oS
i 930 (LHY) ol il 5 5
285 039 VYV Jobee 35 (C/N) - 595 2 008
@ S 9 )13 )3 lon o wan (sl i 0354
(A 510) e aluls 5 (Y- B Y) g4 568
5 hgegisle Voot TollSan 5 (dng2) cosl i
Gl byls enmd sl el ol (VoY o San
2 1950 3Nes D90 g 48 Gl s alS
SOWE ARV
P o] lawwy > 03 (655 o311 2SS e
) Soie s 03 Y liws 45 cusl dops VE/Y L
g (22 MA) oS 258 lp ead Bl polia
Fbywed) Canl (loy Vel 2e8) ol Gluls
lp ogere Wgie Shy ol sz (VooF
o (Swe dlgo bl sl Lol ey ials ]y 5l
@ g L ofigd Db e Cgmxe Cuje (535l Al

1. TOC

2. Cherubini
3. Matsumura
4. Demirbag



Y (av_;/\) VF-¥ ulu.wo) ‘badl‘u Al o)Lo..«f’ NY-¥ JL» ‘gﬁ)’” Copde yd dbﬁ)g Lthwhg)J L;“"Lc aollad

ol 01 W 5 ) lites jlisee g5yl ]
b palS (SoS glacdgw 4 5l5 5 295 o0
Bz Jedod Jao 4 (9399 slajially O Joax
5 (A0 5l i) Siis osle VU dopd s 4 el
Sl o3 U (AYEIR) )8 do g LB g
Cool (2558 2 Joishs VA + d905) (VL (0l
b9§ ke L;ol.) slslows 51 gyl I e O..{] «S
ol el g (pSshS 2 JojolS Vo) o
Wl lp cwle glans 4]y cwl 8 Sk
Sl & 45 (oSg) S (o0 b5 it (315
YL e Ll 9,0 5L a S (glasy5ld 5 ool
w13 ol e el SIS (AYFIY) sl
NI b s (505 g 023k Wlise g 03,
L;b;’m J.:J.) L L5)‘9‘Q’u’ ok ‘)iia Sow )| Lk
(VYY) 355 & S dine o g T o3le (YL
g5 plassly 2 STl B g0 A5 55 (owlio 3 Slas
Iy @i Slols 5l e Ygems casl 355 51 S5
Sejls il cul e ()15 6olS 355 51 Sk
ol Cugby o PH dod aile olayial)ly 585 8
b il man p uaSB glisl B,
Olyied g oo an 10ld ol ol Jpazme 53,18
255 518 edlisl 3,50 (65,9l 5> (B3, L N ogS
Jss) adlae cpl )3 ons plol SWOT  ubos
Sy ol oy 5l (gl yosme a5 > o lis (0
(S gasz I 6)lgw Se )3 g 35 W
Ry BB wed bla b supie 5 e
O Slegen She alie slasl L & cwl
olo YL (glgizee clowny (pl g8 dlaii oy Sare
48 ol GT(CIN) (39 42 28 dinte S 9 ]
OlSen 5 ngyz o (VVT) "My clills gl L
e kbl pl el a5 (V449)
ool guad WalS (5,3 48T s g5 sloa] 3
(LHV = sy cnl @Yb )l 035 conpen
S35 35 A Cand (p)SolS  Jojoks VAL~

1. Weiland

505 pl bl g )8 g «g3lgho Slge (3958)
w3 e il ) Gl 35

Vb Olies scml 355 mre ol J1 (S
S Sle 5l a8l (1oyd YEIY) ] S
el S B ool lade cpl bl o yude (Ao Ve
o Iy ogde cdbjl BB Gyl Sl
o) ds30 b cuol 3l LB sole 5l Lan s LB
Sl 085 «agby g S Hlade Ml I e
2 JoiskS WA Ll Ll (LHV) ol
2995) (5915 D55 A Cumd &S A duwbxe p)SelS
SaS Slule g (pSshS o Joishs VF/ees
@t (pSokS p Jojsks VOfeee BNk
ol J58 6 5 sl

Lo s oLt adlas ol gl (IS j5ba
Slgze > 4 canl 555 YL S il deng
@ oS Plie Cand g Gl 9 S YL
sipl My clp oYL ewd b (C/N) 59,
Slsan Mol s b basl ol o) )l
(ol 0P ead dapadls (Bp > g il
9 b ldlawy plo 4 cuws gy 3Sles
P Vg & (egdge tmde ol (5)liS
sl syl a9 (655 low colRil ol o pie
S ol e QA ()59 Cexivo 5> pdpaod

sleoecan; ol Gawlis mls F Jous
Syl b awlie o (gilop o man o5 ob lis
Sl AYA U1y laldS bl Linl cpuiia
VS N S P R X VW] B W LERPEVO L SN ST S Y0
Sl el ol o el g8 TV LE Silsae
58 looanYl (ials ) gy onl pSada iy
9 0, (gpcms 3,Sles (gilgn o man wl (54
&S cuol Glpsl )i VA T NRYRO S lsee
sl Gioy ) G ple Olag W5 s 4 Baas
wan 3ol s 650 wle adgl olie G juas
59 g el Gl jl a8 VA Lys jlen s



¥ el (55950 9 (65 )lgw (sla degesme Slowy 5l (6551 Mg (il 0ai] o g LolSe S

o ol dSopel g Lyl )0 s (3555 sleofsy
Dgid o (Al e (e Cuo b
sl b iagh ol mlo danaes s
'sly (Y-+) pse 5 OIS Sl ) ol
W)L gladjlilinl 0g8 4 &S Cunl gumed Cogil
il il e olbs 5 (olaidl Gllug
)05 0 )Ll juS1E g Ol SEL o e

5 B slaair pogdle hagh pl slaasdl
Copde ) ok BCuwn)lS bl (et
Slowg Cupte cavlio (gy0ld Sl cwl L5,
g o3l sl |y olkily (Sldes slaaiyjn Ml
bl opmenamd (IE ) wle (5y90 50
oo pypal g Sy $B)l cage Hlul loogd
Ol g puslel a3 1y )l g g 0 Laelil
4 Sl GBS @l WS ol Jb
g Wojon aucaglgl (i) GhMScwle
omed 4 g 03,8 S8 lul slag iS4l
Cow 1 Db e ol dswg Blial L egls
S 5 e sl 590l slaoygs (Sl S
o3> a5, 1y aolSil o)l CutaS s Cu e Ao pd
ol > amdie Gl | oy oS ilie
sleal Cdgtue ()] el s ool jlwerly
anly 1y bAS)| Caghs 5 g JUizdl sl daolSisl
il oo wal )3 1) (oxo

sobse Sty carllae ol cloasdl 4 dng L
rad e S| Canss Coglgl )3 (658 lgw srolKaly
olatwl (5l Wi g Slowy Cupde clp loro
cage oo @li wleln gy onl Inj s
YA 5 slaldS a5 Liss] s )d YA dgus il
D9 g0 el (3] 4 Cond plie Bpae (gho)
P Sl mar Ses by dbul rioren
5 ldyy Wle) opee) il Sl ke el
3l cuopp oSl w8 e ool 1y (piale S
slooyg> szl 3yl e oald 55 1y (50 olile g8
Il Cope o)l playe 5 oluse lp a0l

1. Ecoinvent

Sllle ;3 &5 (p)SokS" p JojobS VFere d922)
IS 38 Vo) xge 9 QU g (Voo ¥) (blyed
gl sl el ol Vb Jomily ouimd Lt wons
g5 5 (AVFIY) juS s oV im0 (50 1
LE (p et ol sjlspia man a0l 50 Ol
sl bl ool Wlodd anslis b by, ol cinds
Sluls o)lys (ToYY) oL Kon 5 |ygogusle (claassly
&S Cowl ol dlow 0)lyd (VYY) LMy 5 olie
rad > odddg Oluy g il ) b s
Sipl de Sobpose el Elae T il
e 31y galatdl jlas I les S (Byme i)
e slp yosko )l g yieS plinl anje Jd> 4
sanie Ll wwl Jowle bhuge 5 SesS
sgae ) ol sllpe S g 5 VYL (5l
gl S aloy b sjlon o min ¢ blie ;> S oo
» tedi)l oy 5yl plojer Mg VL
5 ] Clstue (a5 5l 5 009 5 golaidl il

sl gogllas 5 St jlace

slogiagh b adlas ol aoecin) mbo
OhlSen 5 lhgaguile 5 (V+VY) 13y aiile Molliye
olysa 1y Gilono i &5 Cwl guen (VoYY
ST Wlod)S (Byme Slowy Copie Sl il
sl iy 5 Sis olo VL aopd Js ) sl 58
G4 Cand YL Gl Gl eojl silshe
sl ials s 4 jBan Ay )b sl
sl rde S @le bis 5 (IO gl
Cguwxe Hll ((B)s solRil ) Wlawy oy
P9 50

Sk lacwln b iagh ool dacus b jlae |l
s syl Sl gpSoe g slhl Ay
5 e OIS Lol sleasl g o)l s
S3Pl St Coenl po &5 (VeeR) gLl
Sy 5 SIS lajlS jlasl Gials >
Ot 1y Slasean iles S KR{Y i > ol
wlieo «(B3ys GolRil (sly s SHxy dswy



50 (a‘”_;/\) V¥ ¥ ul.wm) ‘QQL;:L.J &Y o)l.o.«ﬁ BARAE Jl.w ‘uﬁ})g Cupde yd Lg.)).g)lf Lgl.muﬁz’g).o Ls"‘l'c dollad

Olysd e SLolRIL drwgi 5 555l mle oy
59 Sy Capde 3 i3l g dlgly 63,50,
P Nlgee Ghaok cnl sbasl S 5 ki
Al 0 Bl (53555 (615 Gl 5 S o

L lg oo 658 )lpw laolRil lpte s
15) By Copia b lagsysls ol
g o ol ) Sllee sadije (Sloao wan
s Rl (50 2L lejen

ool caley 9 g 551 5 elatel e
5 Lollil Suniy (i) cege laprecen
5 Jb olels bl Qla 3 gl gl Gl
15 aalgs Ll sla s

sbaly (phb ae) Glagh @l e
e (il ()] sl (Siap g odjgel
S )lie g 18 (0 @l 3 1) L3559 5 Gloye oo
el > m g vl |y belSiily gl eloss]
Silopreas Cu Gl plyied Sl oo LAl
5 by sejsn incudyl @le Lanass )
D9y, @ Hlul drwy Blaal b guwen

9 N Sl Shy pelely gl SSE
5 (PCA) [lol sboadie Jbo I (amecan
DBSCAN 4 K-means suile (siudisgs slaeis oSl
OBL GGl ey 4 die 3,509, oyl b eolaiul
L Gilonce dige sboglo deniy 5 aigs slagsl
2 35y ool alie cale @ald ) e 3l
onlio 55 (Y+Y) oyKat g Sy (5l aallla
2B jemmeodhy oS MLy LCA 5 enlis] b &8 us
SiPlcm; Slopius » A Slashb skidy 4
SPEE S preal Cunl B ojlmetix (B9 cnl 392
S 81 gy s bl ()

1. Shahrokhishahraki

L Jb ol slodiu, oladl 5 <5, 5 Slowy
Ly sogld cpl &5 ololSil ¢y SUb slacuslee
Cony)lS JB g (los digej Wlg oo S (gilworly

Bolgiin 9 (S o dmid 9 Sy

Bl losiloy & a0 L Glagh ol @l
@ g bl yias 5395 cuS 5 ohgd ()l
Cado bl 0 olend 5 (Sod b Shy
S3Pl AP gl cupte  cun)lS gl YL
doyd &S Cwl Gl Gl (S b )y s
(C/N) (395 4 0y comlio s ¢ JT o3lo (YL
oy £33 cnl cogllas (LHV) ol Sl (25 5
SBsysld > 3 sl Vb Jewily b nte 40 )
D9y 9 Ol dulie 3wl 038 Joss 55 g
mad g et 3l g iyl cdbil Lol
J 4 Gl war &5 S paside «sjlaee
355 Mg 5 SIS bl Ll aag LB als
e 9 2 iy damecun il wuas b
Fowlie lanS olul gl 0 cwn)ls
Jo 4 s Glyl (Jle opl b ogd o gucne
(ks grw 5 jeS IS aloye slaayja
Flhe 2 12l B g cBge 55 S plgieds Algia
DS L8 e ad iy sl A8l

5 B oglair pogde (imgh cnl slaadly
0Pl b 3 s8ss capte Jhie jl e laecin
ey LSy Can)lS Bl g il Sldes
Dl pald ()l okl > 1) e
Soyld l gySopme b g She cal ol
el gue Slall ool 58 5 plisos 655
W)l e s ol gbanie el
s 3 g WS bl e @ phicdgiue
L5l 8 L drwes

€ WS Aoy GRagh ol oLl
5 iy sbeje b by slagliScwle
B slony Can)l8 S8 b jlaee



4 ol (59 9 B g sla degomme Slowwy I (s 65l W (i Kal el g bole 5

References

Asadian Ardakani, F., & Azizi, F. (2025).
Residents' perception of the sporting event
of horse  beauty  contests: An
importanceperformance analysis. Applied
Research in Sport Management, 14(1), 23-
38. (In Persian)
https://doi.org/10.30473/arsm.2025.71356.
3886

Cherubini, F., Bird, N. D., Cowie, A,
Jungmeier, G., Schlamadinger, B.,
&Woess-Gallasch, S. (2009). Energy- and
greenhouse gas-based LCA of biofuel and
bioenergy systems: Key issues, ranges and
recommendations. Resources,Conservation
and Recycling, 53(8), 434-447.
https://doi.org/10.1016/j.resconrec.2009.03
.013

Da Lio, L., Castello, P., Gianfelice, G.,
Cavalli, R., & Canu, P. (2021). Effective
energy exploitation from horse manure
combustion. Waste Management, 128,
243-250.
https://doi.org/10.1016/j.wasman.2021.04.
035

De Paula Salgado, 1., Conrad, F., Signorini,
C., Gunther, E., Ihlenfeldt, S., &
Mechtcherine, V. (2025). Integrating life
cycle assessment (LCA) and machine
learning for sustainable designs: a case
study on protective layers made of
mineral-bonded fiber-reinforced
composites. The International Journal of
Life Cycle Assessment.
https://doi.org/10.1007/s11367-025-02454-
7

Demirbas, A. (2004). Combustion
characteristics of different biomass fuels.
Progress in Energy and Combustion
Science, 30(2), 219-
230.https://doi.org/10.1016/j.pecs.2003.10.
004

Ebrahimi Toloun, S. A., Khoramnejdian, S.,
Zavareh, S. R. A., & Behbahaninia, A.
(2025). Assessment of landfill gases by
LandGEM and energy recovery potential
from municipal solid waste of Robat
Karim. Biomass  Conversion  and
Biorefinery, 15(2), 2857-2866. (In Persian)
https://doi.org/10.1007/s13399-023-05142-
4

Ecoinvent  Centre.  (2023).
Database version 3.8. Zlrich,

Ecoinvent

Switzerland:Ecoinvent Association.
Retrieved from https://www.ecoinvent.org
Farahani, A., Mohammadi Raoof, M.,
Shajie, R., & Maleki, A. (2020).
Comparative Study of Sport Governance
status in lIran and Selected Countries.
Applied Research in Sport Management,
9(1), 75-96. (In  Persian)  Doi:
10.30473/ARSM.2020.7097

Farahani, A., Wallbaum, H., & Dalenbéck, J.
0. (2021). A service-life cycle approach to
maintenance and energy-retrofit planning
for building portfolios. Energy and
Buildings, 240, 110898.
https://doi.org/10.1016/j.enbuild.2021.110
898

Fernandez-Corts, M., Revuelta-Aramburu,
M., & Morales-Polo, C. (2025). Integrating
Renewable Fuels and Sustainable Practices
in Equestrian Centers: A Model for Carbon
Footprint Reduction and Environmental
Impact Mitigation. Fuels, 6(1), 10.
https://doi.org/10.3390/fuels6010010

Hennessy, J., & Eriksson, O. (2015). Energy
and nutrients from horse manure:
Lifecycle data inventory of horse manure
management systems in  Gavleborg,
Sweden. Gavle University Press.

Kaliyan, N., & Morey, R. V. (2009).
Densification characteristics of corn stover
and switchgrass. Biomass and Bioenergy,
33(3), 337-359.

https://doi.org/10.1016/j.biombioe.2008.07.00
1

Kusch, S. (2013). Horse stall waste: Amounts,
management, bioenergy generation. In
Proceedings of the 2" Electronic
International Interdisciplinary Conference,
Sect (Vol. 18, pp. 423-428).

Matsumura, Y., Minowa, T., & Yamamoto, H.
(2021). Evaluation of the energy balance
and greenhouse gas reduction in food
waste biogas utilization. Journal of
Cleaner Production, 320, 128910.
https://doi.org/10.1016/j.jclepro.2021.1289
10

Matsumura, Y., Minowa, T., & Yamamoto, H.
(2021). Evaluation of the energy balance
and greenhouse gas reduction in food
waste biogas utilization. Journal of
Cleaner Production, 320,128910.
https://doi.org/10.1016/j.jclepro.2021.1289
10



https://doi.org/10.1007/s13399-023-05142-
https://doi.org/10.1007/s13399-023-05142-
https://www.ecoinvent.org/
https://doi.org/10.30473/arsm.2020.7097

2l (OY—FA) VFF o DO gl F ojlos VFF Jlo (d)y5 Ca oo 1> @3l (slosingy sols dnlilad

Mong, G. R., Chong, C. T., Ng, J.-H., Chong,
W. W. F, Ong, H. C., & Tran, M.-V.
(2021). Multivariate optimisation study
and life  cycle  assessment  of
microwaveinduced pyrolysis of horse
manure for waste valorisation and
management.Energy, 216, 119194.
https://doi.org/10.1016/j.energy.2020.1191
94

Mong, G. R., Chong, C. T., Ng, J. H., Chong,
W. W. F., Ong, H. C., & Tran, M. V., &
Shiung Lam, S. (2020). Hwai Chyuan Ong,
and Farid Nasir Ani. "Microwave pyrolysis
for valorisation of horse manure biowaste."
Energy conversion and management 220
113074.
https://doi.org/10.1016/j.enconman.2020.1
13074

Omidkar, A., Alagumalai, A., Li, Z., & Song,
H. (2024). Machine learning assisted
techno-economic and life cycle assessment
of organic solid waste upgrading under
natural gas. Applied Energy, 355, 122321.
https://doi.org/10.1016/j.apenergy.2023.12
2321

OpenLCA. (2022). OpenLCA User Guide and
Modeling Standards. Berlin, Germany:
GreenDelta GmbH. Retrieved from
https://www.openlca.org/documentation

Rout, P. R., Pandey, D. S., Haynes-Parry, M.,
Briggs, C., Manuel, H. L. C., Umapathi,
R., Mukherjee, S., Panigrahi, S., & Goel,
M. (2022). Sustainable Valorisation of
Animal Manures via Thermochemical

Conversion Technologies: An Inclusive
Review on Recent Trends. Waste and
Biomass Valorization, 14(2), 553-
582.https://doi.org/10.1007/s12649-022-
01916-5

Sheykhyoosefi, R., Azizian Kohan, N.,
Moharramzadeh, M., & Naghizadeh Baghi,
A. (2024). Designing a model for the use
of new technologies in the development of
sport for all in Iran: A grounded theory.
Applied Research of Sport Management,
12(4), 53-64. (In Persian)
https://doi.org/10.30473/arsm.2024.69743.
3829

Wartell, B. A., Krumins, V., Alt, J., Kang,
K.,Schwab, B. J., & Fennell, D. E. (2012).
Methane production from horse manure
and stall waste with  softwood
bedding.Bioresource technology, 112, 42-
50.
https://doi.org/10.1016/j.biortech.2012.02.
012

Weiland, P. (2023). Biogas production from
animal manures: A review of current
practices and  future  perspectives.
Renewable and Sustainable Energy
Reviews, 172, 113029.
https://doi.org/10.1016/j.rser.2023.113029

Weiland, P. (2023). Biogas production from
animal manures: A review of current
practices and  future  perspectives.
Renewable and Sustainable Energy
Reviews, 172, 113029.
https://doi.org/10.1016/j.rser.2023.113029


https://doi.org/10.1016/j.energy.2020.119194
https://doi.org/10.1016/j.energy.2020.119194
https://doi.org/10.1016/j.enconman.2020.113074
https://doi.org/10.1016/j.enconman.2020.113074
https://doi.org/10.1016/j.apenergy.2023.122321
https://doi.org/10.1016/j.apenergy.2023.122321
https://www.openlca.org/documentation
https://doi.org/10.1007/s12649-022-01916-5
https://doi.org/10.1007/s12649-022-01916-5
https://doi.org/10.30473/arsm.2024.69743.3829
https://doi.org/10.30473/arsm.2024.69743.3829
https://doi.org/10.1016/j.biortech.2012.02.012
https://doi.org/10.1016/j.biortech.2012.02.012
https://doi.org/10.1016/j.rser.2023.113029
https://doi.org/10.1016/j.rser.2023.113029



