Assessment of bioenergy production potential from agricultural residues in Markazi
Province

ABSTRACT

The depletion of fossil resources and the environmental impacts of burning fossil fuels have heightened the importance of
renewable energy sources, including biomass. One effective way to harness biomass energy is through the simultaneous
production of electricity and heat from agricultural waste. Given the significant amount of agricultural residues and their
inadequate management in the country, it is crucial to assess the potential for bioenergy production and analyze the
distribution of this renewable resource across different regions of Iran. This research aims to evaluate the bioenergy
production potential from agricultural residues in Markazi Province. Data for this study was gathered from relevant
organizations, library sources, and agricultural statistics covering crops (2016-17 to 2020-21) and horticulture’(2017-21)
over a five-year period. The results indicate that the annual production of crops and horticulturgyin the province was
1,194,134 tons. The theoretical biomass potential, theoretical energy potential, and available energy from these residues
were calculated to be 910,069 tons, 15,424,483 GJ, and 3,340,869 GJ, respectively. The energy‘petential and the‘electrical
and thermal output of the CHP (Combined Heat and Power) system from the\residues were estimated at 263,449 MWh of
electricity (37.65 MW) and 406,994 MWh of heat (58.16 MW). Additionally;ithe global warming potential index was
estimated to be 181,954.54 tons of CO2 equivalent. Based on the per capita electricity consumption of 6.218 MWh in the
province for 2021, the electrical energy generated from these residues could meet.the electricity needs of 42,369 residents.

Keywords: Renewable Energy, Biomass, Agricultural Residues, Combined Heat and Power (CHP)

S
5



S5 30 bl 53 (53 59LS Sdilows 3 (s ) (55 91 W & (B Jailiy

oNS>

4

OBl 1y o35 (6550 dlex 3l plinasg o gl il ) oolital coenl da] gl (SU datecw; Gl g Juwd @lie Codgie
SV e & 2295 b sl (6y0liS slasilony (351 5 )l g B plojen M98 0395 Cunj ) 53l Wy slvol, Sl (Sl ool
2 s qie ool (SuSTy s g e 551 AP Jeuilty Sl (6950 098 )3 ol e Capde pas g (559l slasilony
S5y il 53 (6559l (sloilonny Sl st (551 W5 (Ao iy Ban b 3a5 cl nlpla 565 )18 (Gl 390 ol BliSee (3lolie
— (WAA=VFe o) elys OV gamo (6555l (sladalijlol g clalulS” mlio casy6d (slagylojln ;I addllae (plas bgs o leMbl .cd )8 @)oo

Id})}‘ AYe. JL» Bel
Sl



LPR YT
(shend @lie Cudgame Cusl A3 4y g) Cuo puo dy 6(6y9l8 Cd i g Cupmen Bl ASle (LY 4 e 3 (5 Lol
aloz 5 phinasg clags il oolinl g Lowd (6550 B ppan (ialS O g day] pdgw 56 asecun s Iyl
(e 0 Jo3ly askee 8F) 2o pd VY dgds 0dgiCun; (VF oo ) Kad 5 (gdidin (5) 3yl o bl 1) o
5 4 pe > s plis cplynyaos slas il glie glgl e )3 bld ol 3l g sl 028 el |y e 4l (5551
G55 G 0395 5 0iguidy s mlie I (S Sl (6550l g i 43 Cpezmed (TUrsi, 2019) wil o 1l 1y adsl
oS calord el iyl )3 o3gicun; @l lold Juwsly 349 .(Banja, 2013) sl )13 Sl ped ol 3 5y
Jlao gll 3 o395 (6551 Sy 258 @l b Sl dlge el jl (o2 iligm 5l e 4) (o351 Jlaal 9 308
Y 98 ¢ 559liS slasilowmy Jold calisee molio moaw o (! pd &S" A 3)91).3 WAY Jlo j0 pbb e cpigyaudes YYY/Q
2 598 sl | (s 55 MWy (i Jeily dine) ) (e Sllllas (VTAYTL b M 52) Ly oo
odlazol 3 ylpl cud b lgie b (claddllas ;5 ol oaid o,Lil )] diges x> 4 deldl )3 a5 ] a\:.e{’ C oo S 5 o)yl
sy odb g Ol g (6j)slaS Y game (Sbley (5] Egemme oS spgld ) ool R aLS (LIS,
o Jeilly 090 b )Sd s > (IWAY (e g &50ke) Waideel 1, )55 (555] a0 YooY
W Slead adgs lowy (55 (ygsben OFYY Sl cpgs s e g gl o) > ceslio (6y5liS” (slasilony
claaly g 08 s Sii) sixuo G guazs (gladsle SBLS  uo el )d 5 5 g0 paiS) O Lol Jguaco
g My lp Jhainl BB Slows (5 Ggdes WY gliee Tl (Lo 5 )51 counm) (£b Y giame g (429,
b ohsle 5 )8 coliunjss laglinl 2,8 A S s caflerto 3)kbo YN0 lgiee ol 5148 45 25l s
C g oul W g B Jgl ololr ) o A ) oo pls (el VOV g VPOIFY YAOVA 05 Jouilsy
Mg Jeasly b))l olyie b (dingly 3 (VW8 cllens 9 aophle o)) 2385 )13 (5yolisS” lalonsy I (s
g WEAVD. Cspa ol oM Jlastiw] b8 Slakly JS S jlade clpl 13 o oMe o 51 cwwj 555
355 Jomilty (5508 g oo A5 35 \erSafle (g ASFIFA S5 ) 4Vlo Al Jeilly § o5 TIVEAY
(w5 Nopaw) EBIF olaid] CBSL po yadeo YAIVY o YOV/Y yoolio b (glails &yd 5 paS & ity B
bl plu g (gxo dL‘“«‘M e Slow> 365 «(£5y0liS” gladilomy | (65l Adgr Sl o liwguin jouiS™ )5 (VF-Y
Jade Wl igia > (caallida)> (Ravindranath et al., 2005) w5 35905 g5 (Vo) 1551 0/0F Jolse VAQY Lo
Slaisly ) Llgs o ASEUE 035 (eSS dilale )3 () AV« e e dgds )3 (4y9liS SV guame I ol adgl AVl Lilowsy
S g0 odgudimmm; Jedlaiol a5 ol lis b oo puls 08 )1)8 edlitwl dyge ylis g G Glojer Mg (gl SosS
Algieri et alyd ol (ol lojon jgb 4 1y Jlgils WA=+ g VS ee Csyay (S0 5b g ylys 5l cal B
3 oad Wy Sl (e (sl > 55ygliS Glablony I G551 Wy Jeuily plyie b (oS > omieen (2019
Syge > b 35l o5 selee TIA () S g oSy @iy )d dhgus ki) 50 ol odes (o) Y guamo
Morato ) . saled aJgs lglie YYY les b caclu Slglys ¥/0 Jolee (6550 o galee YIY) o plasl (s 5 ealisl
Oligw ¢8> JUis 0 & idlagg 9 (Jarecann OIS 503 (9w jl g 00 ploxl @lie 5550 4 4247 L etal., 2019
Caz 2 OlPe sl Glailony 3l s (6551 15 b ol 93,5 oo ST ablony o e gy
@ dgi b pimen il p pB Hlul drwgi 4y s 4S9 laldS cbalE Ll g dad mle 4 (Sisly ials
O 9 ) S5 Mg ey ol 23 el )3 03955 (655 058l by 1 (5)5liS” (slosilony SV o



P Jpnily Ban b 385 ool ulpll 25 )18 (2l 3)9e olnl iz sblie )3 piinied aie (ol (SWSTn
o pdy ©ygo 535 e Gl 53 (65y5liST Sl I s (5551 Mg

T FELLNTY

adllan 8 30 dilaio (IS pi> Cutd g0
55 50 3 Ly g 03l Lapass 395 4 |y 458 Cnlue 5l do > VIVA (i yoioshS YAVYA Usleo inbus b (655 50 ool
Job ad83 ¥ g > OY U add 0F 9 a5 0 YA 5 Jlad 15,0 a8 Y g ax 0 YO U addd YV 5 o )@Y (40 o)y
(Vv pbn) Conl o BRBly 5,5

38 8590 S 5 35T 0
olejle «s5yslaS sl ©lig Slbls)l g Gledbl (5)gké 39 50 Jobis Lo pigslalojlo jl adlaligplas o leM]
5 lbls glie ppizmen (W) Bp 5551 o000 9 mdbenos slacsi Miglojlo 538 o Gl (65,5l Sle
Al 0 0y S5 glp (VFo=ITAF) £l g (WA-F) — (Vo= W) mel ) %Y gase e )glisS (slaaols, Lol
OVF N AYAR JFAN YA (0l ) ol 0 (5 9l@e

axdllao g0 adlain 40 (Eb g (51, WY gz SN
sosls g 5 5 VMY g5 e g S TEY YD (6 S0 yliol B Y gz S 315 ks YL oo
a5 s B &1 535 0 il ] 05 3,51 53 FPRUE VGRSl PYOYY it 2Ly gm0 ol 3
b SV gae A5 (e g 9)k gdaw Llod @ 5 Yoy W as) Qs sa (W o WA (o)) OV gaze g8 (liee
C8 s ug) 50 o pAiS faalllas Cpl 0 (W v ol o) Cusfooly olaidl dgs &y yodS (0 1) V8 9 VF as, (V)
(Bl g 9530 eglls 5 5l s 5 (15 QI N gt lgis 4 ailgiin 5 003 (SarsS (ojias IS
(V¥ plig) SaBais)S s )3 il (S pasls G pane plgis 4 Ul g 935

Wilow 31 (559 5 (ouims Jami by
d> o )3 ab plonil alss dw g ildnle (£ g (o) SV pare slasilawy | (35l W (o Jusly jolatods
855 Jomiliy po alopo 3 SUTEP) (g)las (g5l Jruily Jlade pod dlyo 13 (TBP)' (ki 0355y Jrwily sl
A dple (AEP) Jlascinl 15
S5 03 gicums § Jawily
2 &S Milie &5)liS SYgaxe laslowy I Job 4Vl g odgicum JS 5le (6)la0 o3 Jeuily
il S o g5 (M) Jgiae Casho) g (RPR)T Jpase &) dilowy Consd sy Jpamme 5)Skas ke
(Avcioglu et al., 2019) &b duwl>es (V) alasly 1 oolatwl b (g, 0395 ;

[100 - M(i)] () abl,

100

S

n
TBP = Z CP(i) x RPR(i) X
i=1

ton

il o Jpanma ,Shae 4 (L) Slowsy Cumss RPR 5 (%) Juazxo Cushy M (F20) Jpuanca 5,Slae b 4¥bo (515
500 adhaie U glaghaio I LG 5l oolaiwl 0950 (picmen g (65,0liS Ollos (Kios g £95 1 dogi b Ll odgiCunyj jlade

1. Theoretical Biomass Potential
2. Theoretical Energy Potential
3. Available Energy Potential

4. Residue to Product Ratio

5. Moisture Content



S 3l =l ¥ game RPR jlade yusi (ol adllas opl 5o .(Avcioglu et al., 2019, Singh et al., 2015) cuol cgliis
YA oy Sen g yliel) 5945 o dpwlre (V) alaly 51 48" ws ol (HI) sy (adlis olaie b g pe asls
(1-HI) (¥ abasly
HI )
0 les Caws il sl et L ol cailby (adls HI 5 Jaae 3,Sdas 4 (L&) Sl Cwnd RPR ] j0 &S
o) e a8 395 o ol (0US (olapluil oles y59 odimd L) (So5olgm 5,Slos 4 (0gs0 b o2& cild Jusd ) Jgammo
bl (S g 2Ls) ogee (15> (o Slles I Jol (oo (Ll olon

RPR =

e (H1) el 1 pasl game
(YA (o h)San 5 g0 0lam) £f o S
(WYY ¢ JS ) 0 w2 |
(Y o), Ken g (sas) Y ]
(WY o )h)San 5 JueS) \rg Py >
(V) ohlar g (s g fo o s
(W2 oy San 5 (Se) ¥ w2
(VWA o Kan 5 L) P 4 Lo
(Y45 ¢, San g  olaw) ¥ VTS
(YY) ¢y San 5 o) YA s
(W7 el e 9 (oxgl) ve )
(T syl (ot 5 5 e) v P S
(ITAY (oS 5 lisel) 55 S
(7R oo 5 JLoS) 50 algain
(50 55 91 Juuily
:(Avcigglu et al§2019) D94 oo Ao (V) dlayly 1 s Wilowny 3 Juols (gykas (65 ,) Jumnily Hlade
N (¥ e
TEP = z TBP( X LHV (i)
i=rk
s &) Bl Sl LAV 5 £ 1 S kes b Jpame 151 Jeols (s (5551 Jumil TEP o 5 8
Jlasul BB 5 51 Jawily
(Avcioglu etal., 2019) 35 o  yeuss (¥) alaly jl odlatwl b £l g ol)5 &Y quame Jlastusl LB (65 5] Jumiliy jlads
(¥ aai,

n
AEP = Z TEP(i) x A(i)
=1
b Jlaxiol o fiso A 5 ()T Stlad b Jpaa 1 5] Juols il 6 (5551 il AEP ] 5 o
ol (] bl (1392 oy
Els =hi Y gae Slawy Jlaxisl Gy g onl il 00))] casb) (g oy o po ke (V) Joi>
(Avcioglu et al., 2019) Ja> o s |,

1. Harvest Index
2. Available residue ratio



EU 9 155 OV gazmo Wlowwy JUassiw! cu pb 9 Gl (5l (9] Cush ) (Slgine wilomn o g lale Y Joua

A %) Jlasiusl cops ol il 053] Cagh) glyiowe Slow gy Jypasw
LHV (GJ/ton) M (%) RPR

=
A \EIY WY \YAR% & puis
10 VBV W VNS o2
\0 VA/D W VYA o
W W ¥ wa s ”
'O \AS o VYY ! ‘
0 VEIY ) /YA o2 .
0 VEIY ) VYA Ly
A \ldle ) AN A8y
\0 NA o Y/ov N s
A V& Y. AN o)
o Vo ) Ay S5y 4 oS
o VE/Y 5 . /oY oy
o \F/Y b2 -Io¥ wlgain

Eb
A /A ™ 4 AR "
A WAY ¥ 4 AR sla
A Y ¥ AR s y;
A YA 0 -/¥Y 5951
A VA/D o -I¥¥ Ay
A VWY o .15 el
A \a o -/¥f 9,5
A \Y/A £ A )u

\

aafllan 8 590 O gamo i g 9 5351 59T 2

Y gas (slaslows ‘(l)* Gl Joliio CHP (sladilobis jl oaltwl cdilows (55,50 5l yjlis 5 30 lojor Adgi jolaiody
B! sgisad oy 9 JBon Mg lp gy e st Gl man bl phesdon b o))
olge 4 ghidials Golol g alesdgey Joas silshosiSd Gbli ly omopan D930 a8l (ICE)' Lo
@ b cpl 3 2gd 00 4l US)3 0ad (pp Sy g LSl Jols bl I Gl Jlasil sl p oslhae ()9l
S 5 e sbygise 9 I b iy ol Sl () SR Sladilels 4 Cuns S auia 9 SYL (2L
5 55 yeieyd Oygo & Sl g By plojen A5 (sl Wl o (ORC) N (60 S ailolis b 0355y (slo gy
.(Gonzalez-Salazar et al., 2014, Yue et al., 2014, Algieri et al., 2012) aib (63,55 5 Ao S5 wlido 5o

b dlxe (£) 9 (B) kel 5l o i CHP wilobs 53 (g ()l 9 (S8l (65,3l e

X1 AEP(D) X a X p (0 dla),
Eel - 36

5 Sl o33k B Syl odjl @ (MWh) s 5l (6551 Evn (MWh) (dgs (oIl 550 Ber ol 2 oS

1. Internal Combustion Engine
2. Organic Rankine Cycle



ol &lolr IS 035L

_ Ui AEP@) X B X u (5 das,

3.6

3l ygge 4l » CHP alls ()l g (Sl oajl colyj laslows (551 51 @)l g 50 lojer Mg sl
Sy JI JSew by 5 CHP &ilbob )l g (o580 035 (2L slalony (sl g 203 ¥O o ¥+ ity J5Is
(Algieri etal., 2014) us a3,5 ,lai 13 00> AD ailolws S 033L pmicron o yd FA 5 VY s ey
N & Sl ol s sl gly CHP Gladibols (sl sl Vorv bl ()5 ploj e (38,5 Jlas 3 L
(Algieri et al., 2014, Algieri et al., 2019) sel cavdas (A) ¢ (V) Ly,

Etn

E
P, = Tel (V i,
Eth A alsl
P = _t ( 20y

Al (1) o g5 Wl 5,55 1 g 5> plgs (MW) Py (MW) e sSIEE5 Peye] 55 o

(6325065 (Slbilows 3 (st 5351 W5 53 a2 e Sy tasxocuns 5 S BB it ot o
Galyd oS b ) @51 Mg 5l ol Sl glajls Ll 5l aURlen (iale)S [y dvlone (gl
CO2 Joleo Cygo &y (glaSl5dS (slal8 S «CO2 p,56kS VY 5 ¥V e ) Joleo 54'CHy M0 CO; a5 W5
el 0 1) (1) Jgier yslilelS gl 5T S, o Ll ol 505 druslvo

\
SIS 15 L) %lr‘b A APECS
CH,4 N.O .~ CO,

- RENRPR,
& (@kwh)  (gkWh)  (g/kwh) 20 8
(W& ol Shle 5 aby (ggwge) AT AR YW/YE b 5
(Anonymous., 1997) LNEE o eVY YA/ (8l @Y guasre wlowy) CHP
(Belik and Starodubets., 2016) NSY:! o] ooty B (s=ly5 &Y gae Silowsy) CHP
<oy g baidl

2l 3 o815 Y pae wilowd I ol Juamciut 6 (5591 3 6 85 (5591 Jawilis 518 03 gicamy 3 3ol
(sl dlansy | Jlail TR 51 Joals 5 65 6551 gty < 85 0355 sy (30 1) callae 155
55 w5 T (T TIH) 13 e ey SYpamo ((VP-VYRA)(VF- - 1YR) Aoy 455 (S
bl Lol Jgae \561)4 Sloww Vo W5 lise lomn cops o818 5l odliwl b ely; Jiso )3 wdgicun
b JLSEUE 551 s 5 U5 sy 5551 olime dolany il (555 b3l ey 31 eolizal U 5 13 b3
A5 dwlee FAY-VVF Poleo el oV gmmme a5Vl JS g pwSole ¢ jidgss ol 3 b 03] cpess byl o yiwd
ol 3 ()5 SV gaze 15 (1Slee Sl 00> VY 9 ¥F (o5 WAMF e o YEFANOY ags (S0lo b e s g2 9 a5
G5 o ol o cuiS BB Lol Colue (p i &S Cul cpl dawly 4 &5 o> ol cpl ol (oladl dgs 4 1)
dg2g0 0395 Cumj JS 5l o3 FF 9w 0393 ol gt 93 92 9 pS cplply sl 4Bl polaidl g g puS 4
W8y Y g ase o5 b LS (gas) el B bl jd dlie gladlas s o Sl 1) ol (6550 Slaal gl y
OlSer g Glitsel) Lt J3)55 2 63Vl 4VLo Mg 5:Sibie Sl i 4 o g2 9 (SpeasS (ol op B (ol paS
M5 b i g 5 g2 o085 5 Apwloxe 5 AFSUA il 3 50 155 0355 IS (5 Jpuslty (IYRY
Jeilly aaze .28)3 J118 pouw U Jol sloady o Cuiyi 4y SUid 0dg5Cuun ) Slowy o FFAAY 5 YIVAYY SAD-Y-
il 15 (551 by 5 33 03} (0035 J53I55 VEVVPRVS Jslan «s]j e guaen sliblonsy (5,85 (55,



@3bj Cmnl 3l 53550 Gl )3 ol)5 slatilony el e > 2 g pAS Ll 1S )50 Jg3IKS YYAYAYD
Sty ol oy 5 )52 DAY Poleo ol); &Y guamo g5 lime 4S5 55 alie (cladlllan p3 aiil o )l,65 5
Ol AFAY 5 WWEEY YYYVIA Wei b cud b 4y g5 5 &pd palS A dewlors 7 52 OF Y8 odgicunj JS (ks
Tl BB (6551 5 (605 65, il o 228,513 s b Sy (5lody 53 &5 5713 (Wlow) K035 Can
» J(Avcioglu et al., 2019) 1 duwlxe Jo3l5 YAARDD 9 VAN Joleo i yay (£ly; GV guase slaslows |
Roberts et ) sl jolaid! 55 a4 adlllas 390 SV gamo (po 3 |y oo Cpyiiin bgw sbla ooplyl jo dmg
[(Forster-Carneiro et al., 2013) 345 )3 g cbgw Sl 51 Juols Ll yidis ( bojp 50 (sladllas jd picmen .(al.,2015
55 (sl Aol 31 Sl 5 (655 a5 (6155 (651 Sty s 55 0395Cumg Jymily oljzm sl
oy 3l odlainl b wodgicum j (65,0 Adgi jolaie 4y (T Jodo) M dwlee (£ Y guazme (Ve o= VYAF) dlupy Ao
ol 5P GR3)) eyl jloslital b g ad oLyl pasls (Sl Jpame Cutn (gl Slowy SV W9 glita blony
OsSls Sl 0F TVFAY S i3l 53 b 03] (e ol Jlaseiaol B (5551 5 S sl e Bilowny
Lo W g VY (Fr i iay AIFA gAY+ AT Wdgr (Sl b oo 5,0 )61 g LBl 8l Y 9o 0] g5
Y guazs 1 Sid 0395w j Mod ( iww sl jd .00l olaid] des 4 g liol jo L oY sl g .S5ko
45y 3 4Vl A5 5:Sike 5 5l cupar JUT g oIS 93,5 ¥ gz G, lil Gl B jed a3Ls L
dple (5 PAVFD (il 3 0ad W55 0395Cua ) S 58 Jeily (VAP qghBan’y (SLlE) 18,515 pgu U 3l
N3 pgw U Jol sloasy )> St o3g5Cumj Slowy (5 BAVIR9 VITY FANTUIS L o iy a9 U1 501 0
2550055 3 (63b5 Capenl Sl (635 5o Gl )3 (£L slaBlu Elsil o S 5 U] eI GIEL (e (Ll 185
il 5 (655 Syt 5 35 035 3pu55 J53155 VAVIRY Jie 2L (sloslonsy (6,85 551 Jpuslsy, gymne
oiou Blg o bl (asls b &Y g sLla 5l eolail &0 Lis puls ab duslbre g5 KS AOADY d0as
Cawddy (5 150 V050 Joleo (2L &Y guasme Clialgs 48 5 5 alile (slaslllas )3 oles ol ) (550 316 51 e B
Slony g5 L 5l 485 50 (a3l (£ Jpdimo da A5 Ao (5 )l5e TN odgicuny; JS (6ol Sty ol
(05 sl3 ATY) )93l g (05 )l WYY 0ogis or TITA0) (3433 b & (e bl I Jols Suid o35 )
ety 5 J53l5 4 ¥OF B puasmo oo (55,1 (65 Jumily izpad 38,5 )5 o b gl oo,
(AvcioglU et al., 2019) 1 03; (yeass Jo3l5 FOFAY Uolro o yiwd )3 (55l

JS 3 il 5 (5551 5 651 ety g sy s Jpame a5 xSk 5 lhe siingy o) 5
dole Jo3 K8 YYF AR o0 Jo 555 VOFYFYAY ¢ AV 52 (5 WARWYY iy 2L o oely) Y g Slowes
(=i Y pame 2 IS 55 o 5 55588 035m0l Cunder (531 WP L) S & 229 L0
(s S gl (Stly bl sl (S48 Wl oo (65988 Sbli jI 5l ol e 35 po il 3 (Lo
3)90 S5 Ll Cupde b basye apeecinj jlid a5 (6)ygliS (5w ) )3 (Brae 55l (o5 (el
SRS



S 9 Sy OY s diloww 31 Jlasdiw! JB 655! 9 (55 (65051 Jammiliy 0395 Comn 5 230 F Joua

Jlasiiol BB (5551 555 55 0395 G 3 ,50s Silie Jyaze
AEP (GJ) TEP (GJ) & CP (ton)
TBP (ton)
=l
OFOASY YEYavs. Yi¥an- yavyay ] )
FYSOVS £0Y+1V) YY. ey \FFAD o2 i
Y2 TYWYSAR yeyay. \FAADS o
YAS-4 YaVYao Y AAAY o2 7
Y0 £ Y.s \fas ] ‘
295
WeAs AVYTY 2370 A 2
AAYYS FOOOVY Froav TEY Loyl
V-OvY .. WAYY YEAYD RECJRLH S
AYOY DOSAY TYOV A N 5
1IVAND TYSA. . Yy-av vavas S RO
TSV YESNO Favo \YYOY S5 408
YeNevY YAAYAN AEALYA FARYE NS
IVAVYE DIYOYD AN Y-VES wlgain
YYAYAVD VEYYSA S AY QA ‘M’o\‘\\‘ Js
AYD34 BaARS BAYY 4 BYFIA o
YYVAS 4-9AY e e FYALY sla
YY.va ¥oovs Yeo¥ \Yos- Jsy;
0-0F) - FYAVEY 8294 SRR 5951
FAFVN \lalal FAFR \FO-A Ay
Y. DEYYY YAM \iza el
Yas \Tanyi Y £59A 9,5
YLy Yy vaf A FY Aeyes 5l
A0A-OF NNavasy £2150 TVYay- Js
YYE.ASQ YOFYFEAY Y. .54 VAFIYE b9 =lys
N

<l g 5155 OV gae wilowy 3 CHP dilolu (5312 5 S92 o5 5 ()l 9 6551 ailono
obis (8) Joia > adllae 5)50 (£ 5 ()5 Y gase Slawy JICHP abobs (Sl 5 (oSl olgs 9 53] polie
AV 5 5y coluclslSe VEAYD 5 OY-AY AVOFOY 1y il b o gy lgiin 5 g3 piS sl 05 0315
2 =y Y game dilow I Oylys g 5 Mg Sl pous U ol sladdy 0 @)l s celwclgle 1A-AY 4 £FYYA
CelualgBe YOYIVY 5 GlglKe YY/VO lg b 5y celwclglSe YYFAAY 0y Jowily cpiccen 085 )18 Ll
rdliy gy b dladly )3 (oo 53 A dpslons (535 50 il 3 (o])) Slasilany S5 ClglSe YENA (g b @)
Sl 9 B Mg 5 Jeesly (Sl gl 25155 a8 (0l )3 (65,9L8S 5 s Slasilowy 5l (s 6551 g5
A8z liwjed ) Sl S 9 olpnile slaplinl )3 g 08 Gl 13 92 jlad SV gaze plo Cunl (g
sbaglivl ) peSisw 9 (B30 5 by Saplinl 13 Lo (laon il 3 (dnejcumw (gl 5 Ol (il
hlen 5 pagls) Mt (s Ol 5 3p Wy gl deasly iliBugJlreslea 9 55l (ool cng38 (ol



CelwlglSe YYOF 9 OVYS ¥« YAY g sl b o 5 )bl 6)650) Y guao dilowy ¢ £l (sladilony oy 55 (VWRA
Jeoilty cyizmon 328,85 )08 (635 10 bl )0 pows B Jol (slaady 1o &)l s Celwclgl e AWFYY o Vo200 AVVYS 5 50
Slowy JS 51 gl YVAA 15 b @)lys CelwclglRe VOYAY + 5 GlglSo 0/0+ (g5 b 5 caelwlglSo YAYAY 0o
5 SlolKa YV/ED g5 b 5y celwclglio YEVFFA wdg Jously ( imgh ool 53 b 39l (655 po bl ;3 2L slo
Aol Cawddy (635 50 bl 3 (L g oly; SV guase Sl IS5 SlglKe DANVE g b )l s celuwclglKe Fo5AQF
3o adgs (S ysI 5l (V¥ e pb ) (Jlo o cosluoclylie £IVIA) (63530 (il 13 32 Bpuae dilpw & a9 L

Wlad el 1y bl Cumen 351,85 ¥YVER 5 50 Slgs o ¢ £l g (£]); OV guate Slowy

st 9 (£1y5 SV gasee wilowy I CHP dilolr (3,152 9 (SS9 58U (oS 5 0l 9 55571 3o D Jooa

il ol S Gly il 55 Sl 6551 Jgpacme
(Mw) (Mw) (Mwh) (Mwh)
£l
AlYa \7An% BA- -4 oVOsY il pus
\RANG Uy YAAMN FYALE pos
Ao iy FAvY ovEs ! Pee
IS 1oy AR ala -
ooy o/ vy £¥ ! S5
e -INA Ve Wys w2
V/¥] VY WA N AYAY Loyl
AV -I\¥ WA aaf RUCTEES
AN AN MA y YA 51
VYR V/oj YAYA N\ JENS SO
e -I¥D YYYD \ired S dagS
Vo VIYs Vev¥a a0fs oy
YIvY Y/¥Y V.4 VFAVa wlgain
\ZZALN YYD YOVIYE yY¥aay Js
e
v/ay S/ YA WYY YYos o
VISV 2 VWEAS yayy sla
-y S -I\A OVFY \YAS s y;
VB YA AVYES Y-YAY 555!
V¥ N -I¥D s+ Y¥SO s
g -Iv FANY Witz el
19} -\ \al) 1A 95
/A -1V y-a-0 avys el
YV/AA ol- VOYAY - TATOY Js
YA YV/£0 F£29F YSYYEA b9 =3

U 9 F1y) &Y gare wilows i 3 555 W9 (hmocuns ) Julod
9 =hj Y g Slowy 5l (S8l (6551 Mg )0 Sl inleyS Jamiliy 9 (IS a5 jLil olie (7) Jgir
o8 WYOYEIYY ely; clasloms 51 (Sl (655 Wy 5l Jols slalsdS oo jLasl jlade waas o slis 1) £l
ooxed el Candts Jlo 53 o5 FIYVOA 5 +/NIYD OVYOYV/AY ol pay jLisl 51 CHy g N2O «CO2 oo 5 Jlo o
Ol s b duwle CO2 Joleo o5 WWYFFF/FA ol); &V game Sloww | (6550 Mg ) Sles Linle)S Jewsly



9 YOIV L i iy lgain g 92 paiS 5l ey sl il ey slasilowy 5l Jols (S0 sl (6551 g 51 (28U Slex
ollgys b duslis jd ol); Y gaste dilow 1 SO Sl (6550l adgr oy olaidl agd 4]y Sla Giule)S Jumily
D9 oo (o )d YOIY) Jlo 2 CO2 Joleo (5 SIVFAUNS (500 4 sl olal5 Licsl ials el o 655 cdgw b
9 Jlo )0 o FAONWYY el laslon (SO pSl (65 00 Adgs 5l Jols glalbdS slal8 \Lis] jlade ¢ jiagly ol 5o
Uinle,S Sl uiomeds el Cowday Jlo j3 o5 O/OYVY g +/YVEA SAY+0/AY o oy ,Lis] I CHa 9 N2O CO2 g
b )l Jgamee ol i zols .ab duwlee CO2 Jolro 5 FAY M40 L1 &Y guato Silowss 1 (6551 g5 0 Sl
b e il )S Juwsly )0 1y phaw oy yidas €02 Jolro 5 YEOFY/ED Sla il )5 Jausls g doyd AY/VO
Lo VIE s NVY OYI0A L Cod s o bl oS5l 51 s ol atily 2l slasilons 51 Lol SO o885 51 Mg
Oile S Juaily 5l o )3 WYY V¥ gae plo cpicres il 1,8 gam sloody 1o (Sl Sl 3 Juuslid 51 oo
L3Bgeldis] 505 ol Sl

g ol (§pdin JauST6d ()8 Jade (Eb DY guanms Nlowsy (130558 S Sl (655 (SleSeyIAEe W5 (6l
Slow 1 (S 650 Wy adlae ol 55 s Bl Conjlae b conosligS 13 a5 S Lo 3l Lowd mlio
o YAY/A s 4 (dabdS i85 il yiolj8l el o 655 g bnglanlS s b adblas o £l &Y g
Do o (o) WWY) Jlo 2 COz Joleo

o8 YAVEYVAAYD 2l g elyj slaslony JS 5 (SOOI o550 Ay *J.olb- SlabdS slals Lol jlade oLL 4o
et el G day Lo )3 05 VAN 5 < /¥ARE AAVSYVING oy 5Ll 51 CHy 9 N0 (CO; o 5 Jls
A5 dulons GO oo 5 VAVAPIOF (2L 5 (Bl (sloslans J (5551 15 55 Sl iele S il

El 9 o) DY gatme wiloww 51 (S0 N (GGl adgi 52 Shapile S Jawilly g SIS glajl5 ,LEGTF Jos

Jeiliy Jlaeys e oo e B o o Jgpacme
(&) S oib,s (ton eq. COy)
=sj
YY/A) Yok /¥ -[AA -/-YOA YOVAV/SY & puS
YA/YA \\"\ﬁ/w/ﬂ" AR IR AL TAAFY/-0 )
YYIVO YEVOV/A Vo o[Y8Y YEVYY/YY ] Jre
\Va VAVA/YY -[-5ay of+o\A VAYY/YY o0
ooy \ AATAN) ofeeny foses A/A & 2955
/00 FANSD R [+225 £AV/AY 2
\D FEEAA AN [--¥Y \faavias Loy
DAL fav/ay -[3A% [++20 fas/ay RERRVES
AT YA¥/A¥ [\ [+2o¥ Ya¥/o 1518
¥/20 DOVY/YA DANNYS ofeebF DOSAIY VS T
A VYYY/0A -/-¥5 [+\Y WYY/VY b drgS
FIVE FYVA/YY WAYNY; [+ +¥A FYVY/A) LS
v/o¥ INRVIINS NAnat [++A0d AYAV/¥Y wlgain
- - £/YVOA AN VAYOYV/AY Js Ll
Voo VIVESE/F] A/ AR7ZN VAYOYV/AY e Bl ey

(ton eq. COy)




EL 9 (o) SV gasme Ao 51 (S0 G551 Mg 53 a ShalesS Jawilly g IS glajl5 LTS Jgsa ol

£l
AIVY £ ¥YIA - [EAYY o[-YEY £e¥\0 e
vis aYS/0) AR o[+¥) IS AYS sl
YIvY YYVY/-¥ NAYYA of--ay YYV- /Y s y;
IS YEOSY/50 Y/avy /VER YEYOS/ Y 5951
1% FEFY/S -I¥00 <[ AVY FEYA/PY Ay
£/0¥ FAFS/A -[YOVF <[\YE ATV el
v/of YY-5/¥ SNEAY o[ AF AARRYANG 9,5
W/oa FNa/YY - [Vovs o[ o¥VE aray/vs 5l
- - o/ovvy SANZa £AN-0/AY Js sLal
e (GBS il
Ve YV WSIYA DAY 52)-0/ar el Jele
(ton'€g.CQ,)
Ll
Voo VAVEYY/R0YD /AW NAYSNi VAYSYY/VY Jsflaz)
Voo VS ks il
VAVADF/OF AR WYY VAYSYY/VO S Ol ey
(ton eq. CO,)
Lolgin g 5 5 40

odlitl Lol ool GRal33I JB 13 ol ol 12 ndpioBeglacss sl b Silelocs s (oSNl Caw 4 28 > 4251
bl e (551 2l 553 dnag b > Bla a8 e ¢l (slacs gl 5 e plie |l
3 35 Jlazal 5l 9 o0 Cguime phibaos wlie g Pl Mg (ol laygome Sl (S (65,9l 0395
s ol ol 3] Gam il e Ll 31 Szl 6 (5550 ol 5 i Jumilty ) cslio LoDl 352 ilie ()
g Mo SleMbl o (£l 5 ol (iS00 )30 65,5lS” B gans Silowsy I Jlacal LB (55,0 o5 3,9
iigs ol @l polel g 30Nl e3gicans; wlie cul j )l 5 SesSUl 5yl g )

iy 4 bl g 9 S adesloe (5 AVRA A U o5 Y grase Silowy 1o Mg 0395 (655 Jeiliy —
Oned A38,S )l Sleam U gl (elas, ;o oA SUis odgiCu ) dilewy (7 FYOAY o YIVAYY FAD-Y- Wg L
576 55 4 5 TR sl 5 PV 5 S e oy 5 g 0350 55 ety
W3 )5 518 paw U Jol (sladdy jo i 0395y j dilawy (5 QAYY 5 AVFY FD-AA

ol 3 2L 5 PMhcian Slons 5 51 ozl B (5551 5 5 5 il oo 5 035 ool =
g5 by pmimeiods 5y50 1 o558 YYFASA 5 o558 VOFYFFAY (5 AV +5A (o5 WARIYY iy 655 0
Oliee cpl L Slgle OANS g b oyl s CeluclglRe F+5ARY 5 ClglKe YV/EO (g b 5 celuwclslSe YEYFFR
ol Cuwddy dilow

Gl 5 G2l 5 oy Vg Slawy IS 31 (S 5 Wy ) 8b SO oS Ll e -
Qlpo & a3 b duobro £CO2 Jolee (5 YMNADF/OF s iole S Juwily adls o Jlo jd o5 YAVSYV/ALYD
Mok Mo £l ely adls OV gz Sleww jl o Adgi (6551 VF el OlglSe FIVVA Jolro 5y B juao
Wled el 1y bl Camon 51 585 ¥YYER 55 50 Slgs o )l

=) Y gz do 5 LB Sy ians 5 (55y9ltS 0395 jlodal Cundas (551 W5 25 ol (el 2wl ol
4 Sly 22l (gl quolio glan 5 plsiear Sl oo (65y5liST S I 55T sl se s e il )3 (£
Copde b by (Jametun Lid (il g (65)5laS Gisu pj 3 (Bpae 551 5l (850 el Jond slacs g
25 )3 425 3)90 (59l Ll



&bo

el dpis 3 2 0y 4 ol il 5 3,Shae 4l o515 A1 (TAY) s el 5 cslagls e e sied]
AV Y

S pdesS glite )l Ol (690 00 9 (S Slino @ Slae 2 (eS8 56 (b5, (VWAY) dabll cg) el oot 5 wanl ol (5 el
YEA-YEN (Y)FR ol S g Gl Gligios aloms . olie cdd )
AY=YY (VI ol bao dloro (65 1o j M5 jslaie 4 (g9, bl 3 L]

o 3ySdas g 00y p (plowd (sladgS 5 45) (slrorind dgutp 3p)5 U () p (W) st Bl 5 i ol
S (P sl LS a5 45 e

ol ST e ior il sladlly 8 oo 13 0355 j 08 s lis] (ool llllas L(VWAY) .o Rl Me gy
Ol 6183

slacwss 3,Sles il g 0,8es p Ol 3guaS 55 31 L(WA) Lo jaues <650 9 5,065 aghan] £ e (Bt ST e «ly
OY=FY (WY olpl =s 1991:—&9“ o)
Ao Yoo quL.J)‘ 9
a Ao VYO .ol )|

g SleMbl g9l 35 00 (s5)9liS dlga @lyjy L(WYAY) SLel o (AITRE) el oV guao 1 6,9LiS 4ol ol (VFAA) oL o

Ao FYY L 655 o Ssdely 5 Cu e ol (535 e bl bl asldls F) el

a9l 9 5 dlome adlye )3 paiSied) gy 3, Mes linl 9 0Shos g dgume )ll 5 B )b 31 (YY) Loy ke (S

. s2lS Ly 5l oolawl 4o ol w (IVAY) g00t0 ¢ o>y g (edesme « S ol pl £y dosro ‘Lf’bdi g syl
cAQ(\M .d))9L.~S uYy.aDu A.Aaﬁl.))) )I o™ 9 wl.))J ‘_)49; L;Ltbd)al».‘) u.Lo u»)to.b &9] .uw&m)g d)abﬁ )‘ ool L

Olrl 5 GiagliS 9t slosilony Sl (s S35l Mg Jenily (yp (VT o ST (olge g 4l ¢ J fadas gl
Aas YOV cJ9| ul> gy om5).s u‘)LuCI.sl

sl g sbo 0,558 pamd ol 53 (ol OME Wilowny 1t (6551 Mg Jrailiy (5,) (V0 Y) cdiome LB 5 g0 g
Ol @) 859liS gl 3515 g g SlSe wdine (Jall ey 0,58

5, 8as ¢ gy Sluogas d)l.,..gi alizes gy pao 13U (WAF) L pudl ol (g puol g (g0 ¢ By doguano (g > ya ) ¢ olrw

T g LoyS 4 13I8 Calises pl8 ) ails 5 ,Slas (glinl 5 3,Shos iiSTy (VWAY) dizes ¢l g Lo jhasmos codlj JBeolis salleyud ¢ a8
XYY (W) elyj oblS (g56)9 348 Aol fuad .cils

QS pgd i ) CE g Mg sl lnl 3 Guslie (65)5liS Slasilany (1Y) Mg (plosy 9 g cmsle con)S

Oe (WYA) L e g g gl o Bolo sapallie 48 658 Daemme 0dlj b ¢ galadeste o Bolo { Myl yrel o JLS



(YYR e ol pole 13 (60,8 clduiod aoliliad .ply 4055 15 solatwl (gl jeaber liwl o dilgain &gy sblay olie b5
A-V5
=i glogingy 4, . (LS Ll ylie g (55,08 chlise (gla g, 13l Cod g 3 Sles slip] 93, Sles (S

ol 0395 j 5l ookl b () 5B A gi (o Kl (WA dezne ¢ lom 008 5 dosre ( (2 gSy (oME £ e lasl ¢ Slolo
SN (B cilolus oy (owidige aloro (ol dilaio 1 690 dalllas) 1 wilxls

w515 5 ol mady 86 0F0)) glasl (oliny 5lojtamme Guilen tJuslanl (98l £ Blsarme ¢ oM £l pme (500
YA=SY (WD o =ly; pole o (Jaoro sla (i dlone 0956 5)Slos (glin] 5 0,8 los p sl

Sl oSles (oSS )bl 51 (W) L opmel (3 g den] o mlonls Wlellac i ol § e pao (o )dmmt ole ( So

VAP VD 550 slacils g (o)) Gl (559051508551 alome 2l 13 23 355 o8 4w &l (g Aoy 5 S5les

ol ol s 16350 addllas) 5y Aed s jlae (sladi i Aol (VYAR) alga it o5 S1ole s Bapoosuw cdisy( s9wa0

YooV (PR o0 (s 0y40b g SlaBliaLLAS o )] 05 oS

o355 3l Bom Mg Olg5 (2bj)l 5 (P ety (Ve r) mape ol ) pode ) (Kol oyl cgriman (o

Q=AY (YEPY s jlas slojimgh (rebey bl ixiuo sla g 15915 16050 diges) oold Y gu2d
St dlato 3 o paiS 5 Slas 5 (655l Bpae 2 (5509 SE slaby, b (VYY) S Lisell sy 5 Syl g lan
FASVY (PN 6550l ghgenl 35150 ¢ ailobo clidios aloee

Ahmadi, A., Hosseinpour, T., & Soltani, M.\(2014). Theyeffeet of plant density on yield and its
components in three rain fed barley cultivars. AppliedNField Crops Research, 27(102), 131-
140. (In Persian).

Algieri, A., Andiloro, S., Tamburino, V., & Zema, DRA. (2319). The potential of agricultural residues
for energy production in Calabria (Southern Sitaly). Renewable and Sustainable Energy
Reviews, 104, 1-14.

Algieri, A., & Morrone, P. (2014). Techno-economic/analysis of biomass-fired ORC systems for
single-family combined heat and power (CHR)@pplications. Energy Procedia, 45, 1285-1294.

Algieri, A., & Morrone, P. (2012). Comparative energetic analysis of high-temperature subcritical
and transcritical @rganic Rankine Cygle (ORC). A biomass application in the Sibari district.
Appl Therm Eng, 36,236-244.

Aminian, A., Abbaspour Fard M. H., Aghkhani, M. H., & Edalat, M. H. (2013). Assessment of
biomass resources pogntial in Khorasan Razavi province for bioenergy production. Journal
of Environmental Studfes, 39(2), 73-82. (In Persian).

Amiri, E., &aRestamiyAjirloo, A. (2018). Assessment the effect of deficit irrigation on yield, quality
and water productivity of different cultivars of tomato in Moghan plain. Iranian Journal of
Soil and Water Research. 49(2): 261-268. (In Persian).

Anonymous:(2022). Agricultural statistics: Crops (2020-21) and horticulture (2021). Ministry of
Agricultural Jihad, information and communication Technology center. (In Persian).

Anonymous. (2021). Agricultural statistics: Crops (2019-2020) and horticulture (2020). Ministry of
Agricultural Jihad, information and communication Technology center. (In Persian).

Anonymous. (2020). Agricultural statistics: Crops (2018-19) and horticulture (2019). Ministry of
Agricultural Jihad, information and communication Technology center. (In Persian).

Anonymous. (2019). Agricultural statistics: Crops (2017-18) and horticulture (2018). Ministry of
Agricultural Jihad, information and communication Technology center. (In Persian).

Anonymous. (2018). Agricultural statistics: Crops (2016-17) and horticulture (2017). Ministry of
Agricultural Jihad, information and communication Technology center. (In Persian).

Anonymous. (2021). Central province statistical yearbook. Markazi province management and
planning organization. (In Persian).

Anonymous. (1997). IEA Greenhouse R&D program: greenhouse gases and climate change.

Avcioglu, A. O., Dayioglu, M. A., & Turker, U., (2019). Assessment of the energy potential of



agricultural biomass residues in Turkey, Renewable Energy, 138, 610-619.

Banja, M. (2013). Renewable energy progress in EU 27 (2005 2020). Joint Research Centre, Ispra,
Italy.

Bayat, A. A., Sepehri, A., Ahmadvand, G., & Dorri, H. R. (2010). Effect of water deficit stress on
yield and yield components of pinto bean (Phaseolus vulgaris L.) genotypes. Iranian Journal
of Crop Sciences. 12(1):42- 54. (In Persian).

Belik, 1. (2016). Potential of sverdlovsk oblast and yekaterinburg environmental sector.E3S Web of
Conferences.

Boghlan Dashti, B. (2004). Economic studies of the construction of a biomass power plant in Shiraz
landfill. 19" International Power System Conference, Shiraz, Iran (In Persian).

Fathi, Gh., Enayat Gholizadeh., M. R., & Razaz, M. (2012). Response of yield and grain yield
components of canola different cultivars to heat and planting date. Crop Physiology Journal,
4(13), 21-36. (In Persian).

Forster-Carneiro, T., Berni, M. D., Dorileo, I. L., & Rostagno, M. A. (2013). Biorefinery-study of
availability of agriculture residues and wastes for integrated biorefineries,in Brazil. Resour,
Conserv Recycl, 77, 78-88.

Gonzalez-Salazar, M. A., Morini, M., Pinelli, M., Spina, P. R., Venturini, Wk, Fibkenratht" M., &
Poganietz, W. R. (2014). Methodology for estimatingybiomass energ%potential and its
application to Colombia. Appl Energy, 136, 781-796.

Haj Hassan, A., Wali, F., & Awami, A. (2018). Investigating the potential of biognergy production
from urban and agricultural waste in Iran, first edition, Niro0'Research Institute Publications.
252 pages. (In Persian).

Hedayatipour, A., & Younesi alamouti, M. (2019). The effeCt of tillage methods on energy
consumption and grain yield of irrigatedwheat in Arakerovince. Agricultural Mechanization
and Systems Research, 19(71), 17-28. (In Persian).

Jahantigh, M., Aghkhani, M, H., Ebrahimi-Nik, MgA. & Rahimi, M. (2015). Iran's capacity in using
plant residues, using gasification technology. The first national conference of new
technologies of harvesting and post-harvest @gricultural products. Mashhad, Iran. (In
Persian).

Kamali, A. A., Sadeghi, M. H., Dashtizadeh, M., Kabirifard, A. M., Sadeghi, S. A., & Khaj, H.
(2021). Determination of nutritive valug of watermelon plant residues in Bushehr province for
livestock feeding. Applied Animal Scignce Research Journal, 37, 9-16. (In Persian).

Karimi Alavijeh, M., &% aghmaei, S.\(2017). Appropriate agricultural residues in Iran for the second
generationsbigfuel production. Irantan Journal of Energy, 19(4), 205-226. (In Persian).
Komeili, H., Ghodsi, Mw, RezVani Moghaddam, P., Nasiri Mahalati, M., & Jalal Kamali, M. R.
(2018). Study of seil/@haracteristics, yield and yield components of barley (Hordeum vulgare
L.) under differentdillage methods and the rate of crop residues. Iranian Journal of Field Crops

Research;4.6(3), 541-556. (In Persian).

Majnoun HosseinigN., Gholami, M. B., Afshoon, E., Jahansooz, M. R., & Rabieian, E. (2022). Effect
of_irrigation regime and plant density on yield and yield components of chickpea (Cicer
arietinum L.). Environmental Stresses in Crop Sciences, 15(1), 67-78. (In Persian).

Maleki, A.*Heidari, A., Siadat, S. A., Tahmasebi, A., & Fathi, A. (2011). Effect of supplementary
irrigation on yield, yield components and protein percentages of chickpea cultivars in llam,
Iran. Journal of Crop and Weed Ecophysiology, 5(3), 65-78. (In Persian).

Mamani, 1. A., Gholami Porshokouhi, M., & Ghahderijani, M. (2018). Possibility of biogas
production by the biomass obtained from horticultural wastes (case study: Taleghan region).
Journal of Biosystems Engineering, 6(4), 7-15. (In Persian).

Morato, T., Vaezi, M., & Kumar, A. (2019). Assessment of energy production potential from
agricultural residues in Bolivia. Renewable and Sustainable Energy Reviews, 102, 14-23.

Mousavi Reineh, S. M., & Sadatinejad, S. J. (2021). Calculation of environmental costs of electricity
generation (Case study of thermal power plants in Tehran). Urban Economics and Planning.,
1(4), 198-205. (In Persian).

Orsaji, Z., & Tanha Khajeh, M. (2018). Study the effect of growth improver and chemichal fertilizer
application on growth and yeild of Solanum tuberosum. Crop Production, 10(4), 173-186. (In



Persian).

Ravindranath, N. H., Somashekar, H. I., Nagaraja, M. S., Sudha, P., Sangeetha, G., Bhattacharya, S.
C., & Salam Abdul P. (2005). Assessment of sustainable non-plantation biomass resources
potential for energy in India. Biomass and Bioenergy, 29 (3). 178-190.

Roberts, J. J., Cassula, A. M., Prado, P. O., Dias, R. A., & Balestieri, J. A. P. (2015). Assessment of
dry residual biomass potential for use as alternative energy source in the party of General
Pueyrreddn, Argentina. Renew Sustain Energy Rev, 41, 568-83.

Saadati, Z., Delbari, M., Panahi, M., & Amiri, E. (2017). Effect of different irrigation managements
on vegetative characteristics, yield, and sugar content of Sugar Beet in Lorestan province.
Journal of Water Research in Agriculture, 31(2), 151-162. (In Persian).

Sepahvand, M., Khanali, M. (2023). Evaluation the potential of bioenergy production from irrigated
cereal residue in Iran. 15™ national & 1% International Congress on Mechanics of Biosystem
Engineering & Agricultural Mechanization. Karaj, Iran. (In Persian).

Singh, J. (2015). Overview of electric power potential of surplus agricultural biomass from.ecenomic,
social, environmental and technical perspective - a case study of Punjab. Renewable and
Sustainable Energy Reviews, 42, 286-297.

Tavakoli, A. R. (2013). Effects of sowing date and limited irrigation on yield%andyield components
of five rainfed wheat varieties in Maragheh region.WJournal of Cro} Production and
Processing, 2(6), 87-97. (In Persian).

Tursi, A. (2019). A review on biomass: importance, chemistry, classifiéation, andconversion. Biofuel
Research Journal, 22, 962-979.

Yue, D., You, F., & Snyder, SW. (2014). Biomass-to-bioengfgy and biofuel supply chain
optimization: oerview, key issues and challenges. ComputsChem Eng, 66, 36-56.

S
5



Assessment of bioenergy production potential from agricultural residues in Markazi
Province

Extended Abstract

Introduction

The depletion of fossil resources and the environmental impact of burning fossil fuels have
heightened the importance of renewable energy sources, including biomass energy. One effective
method for harnessing energy from biomass is the combined generation of electricity and heat from
agricultural waste. Cogeneration, a highly efficient technology, produces both electricity and thermal
energy using a variety of technologies and fuels, offering a cost-effective solution to reduce CO,
emissions. Given the significant amount of agricultural residues and the lack of proper management
in the country, it is crucial to assess the potential for bioenergy production and to map the'distribution
of this renewable resource across different regions of Iran. This research, therefore, aims to evaluate
the potential for bioenergy production from agricultural residues in Markazi Provingg, Iran.

Material and Methods X

Information for this study was gathered from relevant organizations, library sources, and
agricultural statistics on crops (2016-17 to 2020-21) and horticulture (2017-21), covering a five-year
period. This section of the research focuses on the geographical Tocation of the region, crop and
horticulture data, methods for calculating the thearetical and available energy of residues, the
examination of simultaneous electricity and heat™productiongfand the estimation of pollutant
emissions from bioenergy production using agrieultural resid;‘es.

Results and Discussion N

The study results showed that the annual produetion of crops and horticulture in the province
amounted to 1,194,134 tons. The theoretical biomass potential, theoretical energy potential, and
available energy from their residues Were calculated to be 910,069 tons, 15,424,483 GJ, and
3,340,869 GJ, respectively. The energy'potential anddhe electrical and thermal power of the CHP
(Combined Heat and Power) system from'the total résidues of the studied crops and horticulture were
estimated at 263,449 MWh of electricity with'a power of 37.65 MW and 406,994 MWh of heat with
a power of 58.16 MW."Additionally,_thefglobal warming potential index was calculated to be
181,954.54 tonsof €O, equivalent. Among the crops studied, wheat had the highest energy potential,
generating 115,457 MWh,of electricity with a power of 16.50 MW and 129,890 MWh of heat with
a power of 18.56 MW. Inconirast, walnut residues had the lowest energy potential, producing 11,169
MWh of electricity with@ power of 0.17 MW and 4,675 MWh of heat with a power of 0.67 MW.

Conclusion Y

Based, ongthe per capita electricity consumption of 6.218 MWh in the province for 2021, the
electricalenergy generated from crop and horticultural residues could meet the needs of 42,369
residents. The findings indicate that Markazi province, Iran, has significant potential for bioenergy
production from agricultural residues.
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