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Original Paper Abstract

This study presents an innovative and comprehensive approach to optimal site selection
for Concentrated Solar Power (CSP) plants in Bushehr Province, Iran, integrating

Received: 5.21.2024 Geographic Information Systems (GIS), Fuzzy Multi-Criteria Decision Analysis
Accepted: 11.13.2024 (MCDA), and advanced artificial intelligence techniques. The methodology

encompassed processing Landsat 8 satellite imagery using the FLAASH algorithm for
Keywords: atmospheric corrections, calculating NDVI and LST indices, and land use classification
Optimal site selection, with an overall accuracy of 87% (Kappa coefficient 0.83). Criteria weighting was

performed using the Analytic Hierarchy Process, yielding a consistency ratio of 0.093.
Machine learning algorithms, including Random Forest and Convolutional Neural
Networks, were employed to enhance prediction accuracy, resulting in a 12.7%
improvement in model accuracy (RMSE: 0.089 vs. 0.102 in traditional MCDA methods).
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GIS, Zonal analysis of the integrated Al-fuzzy MCDA model output identified ideal zones
Economic analysis, (approximately 5.37% of the province area) as highly suitable or optimal areas for CSP
Bushehr. plant installation. Cost-Benefit Analysis (CBA) using Monte Carlo simulation was

conducted for economic evaluation of CSP projects, with results indicating an average
Internal Rate of Return (IRR) of 13.2% across the identified optimal zones. Sobol
sensitivity analysis revealed that project Net Present Value (NPV) is most sensitive to
initial investment costs and electricity selling price. Risk assessment was performed using
Value at Risk (VaR) and Conditional Value at Risk (CVaR) at 95% confidence level,
providing a comprehensive understanding of the economic viability and associated risks
of CSP projects in the region. This research contributes to the field by offering a novel
framework that combines advanced spatial analysis, multi-criteria decision making, and
economic modeling, providing a robust tool for strategic energy planning and sustainable
development of renewable energy resources. The findings have significant implications
for policymakers, investors, and researchers in the realm of solar energy development
and can serve as a model for similar studies in other regions.
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Plants Using Artificial Intelligence and Machine Learning

o Syias Ghee Apiay (he) 99 5l samaiz laosls Sl edumy lagSl glFul 5 (iladoe S5 v5p sl 4

Al gilwosly Vo S las Ges g peenal S0 B0 leslaiul b o oSl ol :(Random Forest) Jdolas S
o yoiite (s Camodl 28,5 & g0 (=10 L) k-fOld Blite o sLitel slacyges] bool s oyl )l ol Sl
5 (YY) s (- IVA s o] L) DN (gl paiiie 48" sl )l gults o aloes GiNi e Lo 51 ool L
5,15 CSP slaolS's s Slast (gl calio @blis comend o 1) 36 i (1VY) G, Jlis! bglas 5l alols
el Caws as +[+AY Sl Jow 1, OOB sllas

s Lol RESNEt50 (s laxs L CNN 5 5l dbaosls SlSe conle 4y a5 L (CNN) _glgild ae aSiss
transfer oSS 51 ol ools bgel Landsat 8 yyglas 5l JuuSy FFxPF z Vev v e L aSes ol ol oolatwl
L ablio sl .o ooliiwl ImageNet sols dcgeme (55, » 0dss bjgel i Jow 5l adgl slagyse b learning
3,5 oslil Data Augmentation o (Jate bles slaasy ;5 +/0 &, L) Dropout slacSsss ;) «overfitting
S ololis 1) CSP o5y, wlas! (gl caslin 3ble (F1-score) 7AY/0 cds b cawilss CNN- Jow

S 9,5 by, ol yo b eolaul (Stacking) slasgess (5 S0l SCaST 3l ool b (oS 5 9,09, S 5l ecales yo

ol S ols lis MeNemar (yge;l (sl .bods oS 5 onijgall,d gz 4 XGBOOSE' 5 solizwl L CNN 4 RF (sla Jow

5 dF) Gos pSlas (Ve o) e o slaw) sla wl )by L XGBoost wilyé .(p < 0.001) cenl jlolios ool Ll 5l g
o N0l (giledigy w0 Bliie oewliel § laSll seomins Sl eolainl b g (gaun,Soo (V) LS 5 (+1Y) 5,50k
olus I hal g sain,bale ol Jow (638 ojlsediz 0l 8 Loals (S8 coian yhgr p i b oSl aals

;> RMSE: 0.089) 55,5 MCDA siw sl yog, 4 Cand Jow (Somion <85 0 LYY iolidl 4y e oS 35 0,500,

! Extreme Gradient Boosting
A\



SOl o (gias ige 9 GIS-MCDA (45 5,55, Oen 5 (502

L XGBoOst ul,3 .(p < 0.001) cewl lobine (s,lel i 5l Sguge ol 45 ols ;les McNemar ;ge5T sl (+/) ¥ il
Gz 3l oolitul b g 60,5 (C/V) LS 5 (1)) 6,50k 25 «F) Goe Slam (V0 +) a0 slax) sla sl )by

W (5iluding plp O blite (rin el 5 (slaSin
5 098l 3blie Glgie 4 (e yoghS VYo ¥e) fliwl colus JS 51 EEIY g0 Jolao (xbaw o0l Jool> gl Gubo

(Y ai) 00,5 luliss (CSP) 55 jeie (o ysn 55, soolSs i ,Linul Cur canlis

1| Freas eyt 550 0 ke i L)

a4

-

T8 L
' R - = “\.
R BN O3

M Sif

CSP solSg yui 5yl dicn (sLrdige -0 JSis
Fig. 5- Optimal Zones for Locating CSP Plant

al)l ool plolid canlin laaigy el 51 280 obj,l as Wloads ools plaizl YOO U ) 5l 631 polae 4 gblie oyl
Jlows! slaasgs Zonal sla Julos (6 5,1 b aslsl ,o .(Malczewski & Rinner, 2015; Zakariazadeh, 1965) REXIPN
S5l W (g ) smpaiab e b camlie s 3blio (lsie @ ads] canlio Bblia 51 (DY L)
cilis Gl anTd gz BB sk a5 00 wald | cenlie bl 5l (55580 (bl Ol b Jolow aid iy

sy 5 1 CSP sleolSy s ) ol cya S

&bl gl el
3l legozme | CSP (slaels's i laxl (gl blie coslis Olyed )bl @555 5 2lad slassll aalz b)) jskate &
s oolital azb i (s el sl Julos
A eolawl gl Moran’s | ezl 5lcwls Ol ad glad ol Sbs )l 6l p rolad Suwwnsgs Judow @
Sl (698 T plad  Siwan s> 3929 cdimslis (p < 0.001 <0.73)Moran’s | gYL 5 cuie jlais

Yy



\f'VQLL.....‘vUJ O)Lo.:JsY 0,90 w)lawdsvjw).«dad.ouas

*Getis-Ord Gi o,lo] 5 eyl 9 YU conlis b olad sloasgs 5580 olulis ol olad glangs Jd=s o
b eolatwl

Kolmogorov-Smirmnov yse;! ;| ccwls &lyes @365 09 Jloy ol 6l romsls Olpai gyl goj95 (owyp

Jloy &9 5l g loline jobo au ks slo 55, mujes a5 ols Las (p < 0.01 D = 0.089) zuls .ol eolaxul

ol 0l A ¥ Jgaz 50 ol o)l Gl ol

*Getis-Ord Gi oLl 3l sslisw! b elad glades Judxi i -Y Jguo
Table 3- Results of Spatial Clustering Analysis using Getis-Ord Gi* statistic

abg> £ b Jokw olaws  adlaio J5 51 0o o
(Hot Spot) gls ases YYYo YAYNAY
(Cold Spot) s yu ases \AYS JAYNR
ol i AYVA VigZht

gobaisl 2L 5
o¥9, )'l LSJ’.’.‘foj'éf. L (CBA) o%[é—d.;i}m Sl « p4eig) QLL...;‘ 59 CSP elfjﬁs 6[@1:35)3‘ olazdl én‘.} @L).)’)l VLS
SOl cga Julow (pl Cdpds Ojge e (50 conls (355 2 5YL b ddlaie aw gl )15 Cige (g 5lans
18 Jelos cnl 5 solizial o 50 Lol (gla ol p0,5 plowl Lo YO 655, yae 5 lgSe Vo v b b by 5,5 CSP olf's

obadl fdoxi 5o eolisiw! 0,90 ol b )by -F Jguo
Table 4- Main Parameters Used in Economic Analysis

ol Jladio Jleio! 2595 &b

S ale s 4y o
4500 $/kW (1=4500, 6=225) J;  IRENA (2023); IEA (2020); Yao et al. (2025

4yl
5 Slhles a3 , Yao et al. (2025); Mirletz et al. (2024);
Yo £e) cSlas
ol s 65 $fkwiyear e 7)ol Palladino et al. (2024)
Sllos aiy 50 i : :
LTy 3.5 $/MWh (F XD ¥y il Mirletz et al. (2024); IEA (2020); Feldman et
JULIRPRR & al. (2021)
s _ _ L. Abellé Sunyer, P. (2024); IRENA (2023);
G e, =478, 6=0.1) JL.; &
B oh98 e 120 $/MWh  (u 06=0.1) Jbo s Sy IEA (2020)
Ly 750 NS VI S910) ek World Bank (2021); IEA (2020); Steffen
(2020)
SR 41% (©0=8.2, B=11.8) Yao et al. (2025); Mirletz et al. (2024);

Palladino et al. (2024)

S P IS 5o Jodow ol b asuys 8 aslxe suldS solaidl slo jamls g Lol giluacls Voo v sl cadlaie o jo

T W

Y¢



SOl o (gias ige 9 GIS-MCDA (45 5,55, Oen 5 (502

O S) NIV lab el 5 ) CRAWR) (LOOE) @0 ek ) J ain
7 >
) g
- g
] _/"'
- o _,-‘/
. "/
e
ar
A ooy P C o A nig " —
Qe ) (TR Al pe ol #4900 DRl TLLLL Ve = T o
n 1
_n - : ‘»_\.
= T~
a -_,-—-’ tin S
" { P
=S e T——
. /// 1 e
" '/ -
e
1
s "
P P, [ PR, —a gy
) i
1.
3 A [ o
147 -~ -l
L4 oy NPV (milhion $) 1587 « 123 1423 = 108 1369+ 115
.
=~ —c IRR ("w) 132407 12506 121 =08
- 5 P3P (years) T804 R3r 05 860006
134 = TR 424005 1374004 1.3%5 2006
Bt LCOE (SAMWHh)) B9 3 32 921+ 35 Q3R =37
'
A ha " A —a

i Gble cur ouli-ay 3o Juloxs guls -F S
Fig. 6- Cost-benefit Analysis Results For Selected Regions

dibie . 55 75 5l SYLIRR 5 cie NPV L il o ol (golazl Jlaie 5l dilaie ds o a5 ol )] 5 Sl s
Jelse 55l o)) sl goladl B s 5l anF (p polin ey CaSl 090 28 5 NPV (53 L A
35 Jebos ol s (Sobol, 2001) wi aloxl Sobol i, 51 ooliil b Coples Jlos cgolaidl sloasls  Cilise

el o0l 4311 Y S

09
0.8
0.7 -+
0.6 +
0.5
0.4
03 +
0.2
0.1

e Camed Ay cad U T bar 22
el AT e e R Sy SN g Sy

o590 NPV (ol Sobol cawbus Jdxs P G W
Fig. 7- Sobol Sensitivity Analysis Results for the Project's NPV

! Net Present Value
2 Internal Rate of Return



\f'VQLL.....‘vUJ O)Lo.:JsY 0,90 w)lawdsvjw).«dad.ouas

U’“"S}B u.o.d 9 4...‘5‘ §)|Jf®uru 4..4).& )O u‘)...uu L u...m.v ‘) MLAM} u.u).u......t 0)5).: NPV 45 J.Q\JGA QL"“““ G‘L».! u.!‘
(i 5l ilivn ) sl o ol g ool il 2,5 s sy ) pobie 4 35k oo

el 00l G110 Jguz 0 A agy b s o oo (0l s ad (8 gallS syl o s b

A dibaio b alayly 50 g9 jbaw Judoxd @l -0 Jour
Table 5- Results of the Scenario Analysis for Region A

Lo al e g2 L al gyl alwa g2 b
NPV (Yo o) Yyo/f VOAIY VoYY
IRR (%) VO/A \YIY N2
PBP'(JL) £10 YIA ay
B/C’ VIOA VY V/¥F

o b )b sldend s, 5| CVAR 5 VAR drlone sl b plow] CVaRY 5 VaRT ) eslitul b Sy, b3,
L 12 CVAR 5 98 Gsekeo AVY bl A dilaie 1o o35, NPV (gl VAR o ol ol gults . oolitul 730 olialbs
iy anlsis 515 V5 salea AVIY o35, 0l ST A0 Jlaisl b 45 amo s ot gulis ol el ;¥ cysabeo YY/Y
o) olSel salamdl 5 s bl qals (slaulos ol g Al Vo cyahen YT/ gy i 32500 70 1o b5 ceSilee
ol Sanse s (b siletinge y Wlsie 5 355l e w8 |y reds plisl )0 CSP slaogs p aenils (55l 558

2,5 1,8 eolaiul 050 oSy,
Sas bl ;o aline Sldllae plo @i b Jol> slaatdl (fagh (nl @S peesd Selil g Jliel mal o)1 jskae &
aSh 0yl 0 p2l 3 1) b )55k obj,l ol b & awslie ] (P Jgaz) 85 )18 auslie 050 Siddes g

D0 oo &l Lo el glaais g SLl g, (slaalaie slacsglar 5,90 Ho eyl slo i

Al Oldllo plo b gl 2ol awslic -F Jouz
Table 6- A Comprehensive Comparison of Results with other Similar Studies

el oS
aslllas dilaie s ol sl L ol b, ool ldas gl )
; Eyman Shgo
(U]
e > DNI GIS-MCDA ., s
Lol sl MYV ) RegCIﬁ\/I4 ‘ Monte Carlo, RF CNN
! Payback Period
2 Benefit-Cost Ratio
3 Value at Risk

4 Conditional Value at Risk

5 Regional Climate Model version 4
¢ Representative Concentration Pathway

A



SOl ;o (Eyvae Sh9a 9 GIS-MCDA (5 5 S0, NUL SRR
- 5 e DNI
;(Imé;%fllg Saen  fay S N GIS-AHP ;s - NPV «IRR -
. [Cadb)
i «¥55s DNI ; 3
Ammari et S SV F GIS-MCDA a5 Jebos LCOE -
al. (2024) oty DNI
Doorga et .
al (2019) D90 YIVO G5 e (il GIS-AHP - - -
Sanchez- ey DNI GIS-TOPSIS
Lozano et [ox{Pow VIvY . - PROMETHEE -
al. (2016) ' wbors <
i s 5,56 65 DNI GIS-AHP
Amirietal  oFF S ns ~ ) ol L PSO
(2024) SOgam S Sl

S5 Sl L &y o iale 5 3458y (69 ,5a5, e i 5 ol aulllae o 4 (LS gl Ayl
ol addlas ;o oI5 Cige (silwand 5l eslaiwl b (CBA) oayl-as o Jdow g, cgolaidl obj)l s sl.cal 0,8
olamdl la el )l )3 35290 slacuakd puc 3 Sug; (nl Sl 03,5 pal B, golatdl Jailnddly 5 Sesl> L)l Bl
oolizul ilos s 0,45 LCOE Ly NPV uils ool (sla o, 5l Baas lalllas plo a5 o 10 00,05 oo shii )0 o9 & |,
adllas (pl ;505 led azg CNN 5 RF aile (oile (55:50k slapi o8l o5ag 4 e ooran (oo atd i slaSeSS |
GIS-MCDA it clasis, 30 45 510 wls |, s 1o 5 yiodazmey (sl mlolid Sl ailglg5 0,Sa5, ol o]
Bl 528 (5155518 5| oS 5 45 il il 5 ooliinl 3,0 (6l lona ol 1S 0 5 4 3,90 o
Bgdses odalie olime (al 4 K00 Slalllas 5l (B ) Cumele cpl sl azgi BB 55 000 2 0 ]y (Blonj s
2P el @l @l sl by 5B e S el aallla cnl 53 SOOI g, 5l ool b sl Juloxs

e 00 il golz IS ) 4y %50 Slalllas 1151 50 sl l 4S5 sl 03]
Lol any ) sl a9, (S5 ez 5 wlyslys 60,509, SLI Lyl addllas oS ws oo i anglie (ul cggezme 4o
g 4 iy olatdl gla Jod (5 o sl iz Jlod GIS b iy slagby) <S5 99 s0 wgmins CSP (slaolss
Wl o0 45 w25 o0 )] pdhanac Glas) pl g dine) )3 (6 S preal S Sleiel BBy 68 (97 )lx (egran Jh9a

ML: 059> U"‘ o ad..uT Sldlas 651”

S 5 o g
A e Olesl 13 (CSP) g0y ) ooy atete (b0 sl alyslsi 5 ol 60 50s, @)1 b Gy !
6B o,bae iz o (GIS) oLl e Sledbl i oS 5 el ails 5 pdaass slo 655l drwgd Al )0 i
S 3,05, ol el 93,51 3 1, e Bblie 5355 ol Sl segimn byn oSS 5 (FUZZy MCDA)
el oot onalice S pl 4y L3 Olalllas jo aS ools &SI CSP sleolS g, b5 sl pol> oo )l (gamais 4

A o i ) e BB sbad i iogh pl uion Sldlhe b aslis 4o

v



VF ¥ bl oF o lads oY 0,90 Gy daie 398> 5 oy delilad

&35 MCDA GIS oS 5 b Lagsy oyl 05,5 oolil g3 GIS-AHP 5l s a5 (Y- A) Yousefi et al. asdlas M5
oli-anje Jolo ccnl odle Cul 005l wal b 1) SIS lagSll onzen Jlow ISl esian Sisn o SiSS
byl e kd Dldllas )0 LCOE L NPV aile ool sla i, b aunlin jo ol IS Cige (g5luand 5l oolaiul L (CBA)
sla el )b ;0 39290 lacslad pue (18,5 a3 50 (Sl 0 ,S0g, cnl sl ool &l f aoss p (s3lasdl gk 5 s ailinedly
&5, (Kroese et al., 2014) sas o a5l laosgn Jbo slocus, 51 65580 pgad 5 8yl 0 ealyd |, (golatdl
SsSl ololis ISl g a3, 1,8 colatwl 5)50 (L8 Cllllas ,iST o a5 CNN 5 Random Forest slaes ;45
280 0 IAVIV Gl ot estame (b a2bpdey (glacSasy 5l ealitul (ul ewl 0051 pal 3 1) oz i 5 fonzen
Ol sl CSP (sloolS gy ot (gl amiics 3blie olulils )0 az gy b Sgugy odumo ylid aS (sl ool Jow Som s
Maxwell ) s ls Slsdran pdsasas slass il obole jo bl 6,50l 0,05 aie) 10 0uls [ Sladlas gl b adly
Saeaily o cim i ;0 Codad pae aiiiis (SO LB L3 slacosgase > p i yideh ol Cossl> £, Je (etal., 2018
aallas ) slo e alox 51 (Ko ji clazm| 6l 5SSy elS Lo poe 5o dove 335 (slaosls Cusgams o ol
ladlas aiajls sy basme 3l mols o5l Lol eilons Ll Jo 5o ooy Laome (b, 9251 az 51 e ppioman iloss:
Sl i paazs

3yl Slgan CSP slaolSy ) ol Se slo il 550 40 (Y- V#) Sanchez-Lozano et al. slaaidl, L bigsgame oyl
3 65 elS ot sl S5 5 (5,318 (S s sile ulse il (oo b oot lalllas 055 o olgiiy
a2 &LICSP slassgn s lub 5 pdsasazs slacss il eass]

S5 s obine ysb 4 1y s3ldie 2o 5 &5 GISTMODA (i (slaeSiss b (gogimn b5 c5s slobs, ol
3,520y ol el 03,5 &1 b 5lSe (slojlene (e 03y Il 0 sl iz sostio ozl 4L (AYIY) el
el e hlie sla Sialy 5 das pué slooS)l glolis el S o o LalLietal. (2024) a5 jslalon ¢ oS 5
50 )5 Cige (gilwancd  eolatul wdle a4 Wogs awsis B SIS sla g, 4o 4T o9l ce elyd | alise
Maxwell .51 slaazsl L a5 ans o 45, CSP slaoss s slacSans; 5 brloalad pus I (6 5 Gros o5, cgolazdl sla Lloxs
Sl gletrar pdiasass 65,50 looisy S, gildaw A o (Y VA) etal.

@bl a5 Ll pdyspans slacss il a I8 @ s 55 ol 2 Wlgi oo 93 (rl @S 1655l 6 S Cenlow e
Sl shos o3yl st Laemo 5 gLt 18 Bl Mle (58,5 185 10 b (il lns I ZOITY) ange soli 55
Slags g (SDGS) e o losles sl anwss lanal b baazsl sl ams oo ) (65,0 05> 5o S5l (30 a0l 5
ool galz golazil sla Ldoxs o peizean (IRENA, 2023) caul goods slallS slajl5 Lail als arcs) 1o ol
Cir 4 wlgiee (VY 5Ske IRR) L Galise Lulis 5 CSP slaodsn o olul ool ol b woas
ST S pdyaan Sl drwgi 0 pogad i S lie Juped 5 pogad Slas IS ale

50 &l Slaroas 3561 50 138 Cuslw & Wl 0 s ol axg BB Gragh ool clbasl o,k g Jee Coonl
Sy ol 4 Wl oo (golatdl pala Lo g asitane Bblie 385 (b))l WS SIS pdvasan la sl dnwg die;
9 bl plo )0 i Slalllas sl (2581 Glyie @ Wlgs (oo 00l B (0S5 9,505, ST ST CSP slaejgp (55lmb 4

2 ol g allisls 60 Sag) b gy ol egarme ;o 058 18 esliial 50 pdgasacs 55,1 glacs,skd bl >

YA



SOl o (gias ige 9 GIS-MCDA (45 5,55, Oen 5 (502

6‘)4 C\.M.o) 00)9] W‘Q‘Js l.: el d.a....:‘.bf ))A.:JJJDU dLmd)f‘ )Lbla 44...49.: MP B ] Golf CSP 6[.@0[55).\4 @L’U&A
S SeS Il axwgs Glaal a @LMQ 5 sl slasls Lecl ol 4 A;‘y‘sc axdlas ol (S o gh il axwes
Gl (6,8 b a4 L5l 6&6;0.3.0.«& sl el A.s\ysa Sargh ol sleaisl, (UNEP-WCMC, 2022)
w85 5k 50 piynaad slass il Gbole Olilhs jo e ahais plaie 4 5 al CSP slaojsn ;o s)lSaloyw
] 00 Afsl)‘ G)i.’.‘b 6\43[5)15 u‘él.gr.w.u ‘o‘.\»’.‘{] Sladsy S Ogi

<l Bpas 2alS Gl @lesis g lags,gld plesl @

o L il @

ool i 0, Shoe 558 (St Slp Groe 50 6510 @

Lcho.'L.?PLg.)La.’él g b Jlw @

ol it ST Oldlas glp golpin slaaise) des 5l diedign (68 peedd Oladtin placw drwg g @

(IRENA, 2023) ceul guor JERVRVRTS: slags Bl alidss o 5 sladsg, b s.:‘a'.e,.w.u

References

Abellé Sunyer, P. (2024). Top-down cost assessment and market regulatory conditions affecting BESS feasibility
in the spanish framework: Exploring the viability of utility-scale stand-alone battery energy storage systems
in Spain (Master's thesis, Universitat Politecnica de Catalunya).

Adler-Golden, S. M., Matthew, M. W., Bernstein, L. S., Levine, R. Y., Berk, A., Richtsmeier, S. C., ... &
Chetwynd, J. H. (1999). Atmospheric correction for shortwave spectral imagery based on MODTRANA.
In Imaging Spectrometry V. International Society for Optics and Photonics. 3753, 61-69.

Afshari, E., Ebrahimi, M., & Zare, H. (2024). Sustainable development spillover effects of China and the US on
Iran: analysis of integrated sustainability perspective. Environment, Development and Sustainability, 26(6),
15163-15175. [In Persian]

Akhbari, M., & Basiri Sadr, M. (2024). Mapping of Iran regions based on indicators of Climate Change impacts.
Journal of Climate Research, 1402(55), 78-57. [In Persian]

Al Garni, H. Z., & Awasthi, A. (2021). A hybrid fuzzy AHP-TOPSIS approach for evaluating concentrated solar
power technologies in Saudi Arabia. Renewable and Sustainable Energy Reviews, 135, 110279.

Amiri, A. A., Wahid, M. N., Al-Buraiki, A. S., & Al-Sharafi, A. (2024). A strategic multi-criteria decision-making
framework for renewable energy source selection in Saudi Arabia using AHP-TOPSIS. Renewable Energy,
236, 121523.

Ammari, N., Alami Merrouni, A., Mendyl, A., Chaabelasri, E., & Weidinger, T. (2024). Energy, Economic and
Environmental (3E) Analysis for an Optimal CSP Technology Integration in Morocco. Energies, 17(12),
3020.

Aydin, F., & Sarptas, H. (2020). Spatial assessment of site suitability for solar desalination plants: a case study of
the coastal regions of Turkey. Clean Technologies and Environmental Policy, 22, 309-323.

Azizkhani, M., Vakili, A., Noorollahi, Y., & Naseri, F. (2017). Potential survey of photovoltaic power plants using
Analytical Hierarchy Process (AHP) method in Iran. Renewable and Sustainable Energy Reviews, 75, 1198-
1206. [In Persian]

Y4



\f'VQL’J.wJ‘U‘Y O)Lo.:JsY 0,90 w)lawd}»5quuLLas

Brewer, H. (2022). The Effects of Placement and Ground Cover on Solar Panel Temperatures (Master's thesis,
University of Colorado at Denver).

Buckley, J. J. (1985). Fuzzy hierarchical analysis. Fuzzy Sets and Systems, 17(3), 233-247.

Cui, Z., Ma, C., Zhang, H., Hu, Y., Yan, L., Dou, C., & Li, X. M. (2023). Vicarious radiometric calibration of the
multispectral imager onboard SDGSAT-1 over the Dunhuang calibration site, China. Remote
Sensing, 15(10), 2578.

Dixit, S., Poudyal, N. C., Silwal, T., Joshi, O., Bhandari, A., Pant, G., & Hodges, D. G. (2024). Perceived benefits,
burdens and effectiveness of a buffer zone programme in improving protected area—people relationships.
Environmental Conservation, 51(2), 141-151.

Doorga, J. R., Rughooputh, S. D., & Boojhawon, R. (2019). Multi-criteria GIS-based modelling technique for
identifying potential solar farm sites: A case study in Mauritius. Renewable Energy, 133, 1201-1219.

FAOQ. (2020). Global Forest Resources Assessment 2020: Main report. Rome. https://doi.org/10.4060/ca9825en

Feldman, D., Ramasamy, V., Fu, R., Ramdas, A., Desali, J., & Margolis, R. (2021). U.S. Solar Photovoltaic System
and Energy Storage Cost Benchmark: Q1 2020. National Renewable Energy Laboratory. NREL/TP-6A20-
77324,

Gastli, A., & Charabi, Y. (2010). Solar electricity prospects in Oman using GIS-based solar radiation maps.
Renewable and Sustainable Energy Reviews, 14(2), 790-797.

IEA. (2020). Projected Costs of Generating Electricity 2020. International Energy Agency, Paris.
https://www.iea.org/reports/projected-costs-of-generating-electricity-2020

IRENA. (2023). World Energy Transitions Outlook 2023: 1.5°C Pathway. International Renewable Energy
Agency.

Jahangir, M. H., Mokhtari, R., Salmanpour, F., & Yousefi, H. (2024). Urban energy planning towards achieving
an economically and environmentally optimized energy flow by 2050 based on different scenarios (a case
study). Environment, Development and Sustainability, 1-30. [In Persian]

Jiang, H., Shao, Y., & Tao, F. (2023). Machine learning-based multi-criteria decision making for renewable energy
site selection: A review. Renewable and Sustainable Energy Reviews, 177, 113092.

Jiménez-Mufioz, J. C., Sobrino, J. A., Skokovi¢, D., Mattar, C., & Cristobal, J. (2014). Land surface temperature
retrieval methods from Landsat-8 thermal infrared sensor data. IEEE Geoscience and Remote Sensing
Letters, 11(10), 1840-1843.

Khalid, M. (2024). Smart grids and renewable energy systems: Perspectives and grid integration challenges.
Energy Strategy Reviews, 51, 101299.

Kroese, D. P., Brereton, T., Taimre, T., & Botev, Z. I. (2014). Why the Monte Carlo method is so important today.
Wiley Interdisciplinary Reviews: Computational Statistics, 6(6), 386-392.

Li, X. Y., Dong, X. Y., Chen, S., & Ye, Y. M. (2024). The promising future of developing large-scale PV solar
farms in China: A three-stage framework for site selection. Renewable Energy, 220, 119638.

Malczewski, J., & Rinner, C. (2015). Multicriteria decision analysis in geographic information science. Springer,
1, 55-77.

Maxwell, A. E., Warner, T. A., & Fang, F. (2018). Implementation of machine-learning classification in remote
sensing: An applied review. International Journal of Remote Sensing, 39(9), 2784-2817.

Mehrian, M. R., Qelichi, M. M., & Tahouri, H. (2024). Solar power plant site selection using fuzzy inference
system: a case study in Iran. International Journal of Environmental Science and Technology, 1-24. [In
Persian]

2 .



SOl o (gias ige 9 GIS-MCDA (45 5,55, Oen 5 (502

Mirletz, B., Vimmerstedt, L., Avery, G., Sekar, A., Stright, D., Akindipe, D & Hoffmann, J. (2024). Annual
Technology Baseline: The 2024 Electricity Update. National Renewable Energy Laboratory (NREL),
Golden, CO (United States).

Noorollahi, Y., Yousefi, H., & Mohammadi, M. (2016). Multi-criteria decision support system for wind farm site
selection using GIS. Sustainable Energy Technologies and Assessments, 13, 38-50. [In Persian]

Palladino, V., Di Somma, M., Cancro, C., Gaggioli, W., De Lucia, M., D’Auria, M., & Graditi, G. (2024).
Innovative Industrial Solutions for Improving the Technical/Economic Competitiveness of Concentrated
Solar Power. Energies, 17(2), 360.

Rezaei, F., Pourghasemi, H. R., Fallah Shamsi, S. R., Khosravi, R., & Kariminejad, N. (2024). Spatial modeling
and mapping of flood potential using machine learning algorithms (Case study: Bushehr province).
Integrated Watershed Management, 4(2), 81-96. [In Persian]

Saaty, T. L. (1980). The analytic hierarchy process: planning, priority setting, resource allocation. McGraw-Hill
International Book Co.

Salim, S. S., Luxembourg, S. L., Dalla Longa, F., & van der Zwaan, B. (2024). From Retrofitting to Renewables:
Navigating Energy Transition Pathways for European Residential Space Heating. Energies, 17(10), 2363.

Sanchez-Lozano, J. M., Garcia-Cascales, M. S., & Lamata, M. T. (2016). GIS-based onshore wind farm site
selection using Fuzzy Multi-Criteria Decision Making methods. Evaluating the case of Southeastern Spain.
Applied Energy, 171, 86-102.

Sobol, I. M. (2001). Global sensitivity indices for nonlinear mathematical models and their Monte Carlo estimates.
Mathematics and computers in simulation, 55(1-3), 271-280.

Steffen, B. (2020). Estimating the cost of capital for renewable energy projects. Energy Economics, 88, 104783.

Suh, J., & Brownson, J. R. (2016). Solar farm suitability using geographic information system fuzzy sets and
analytic hierarchy processes: Case study of Ulleung Island, Korea. Energies, 9(8), 648.

Tahri, M., Hakdaoui, M., & Maanan, M. (2015). The evaluation of solar farm locations applying Geographic
Information System and Multi-Criteria Decision-Making methods: Case study in southern Morocco.
Renewable and Sustainable Energy Reviews, 51, 1354-1362.

UNEP-WCMC. (2022). Protected Planet: The World Database on Protected Areas (WDPA). UNEP-WCMC and
IUCN, Cambridge, UK. https://www.protectedplanet.net/

Uyan, M. (2013). GIS-based solar farms site selection using analytic hierarchy process (AHP) in Karapinar region,
Konya/Turkey. Renewable and Sustainable Energy Reviews, 28, 11-17.

Watson, J. J., & Hudson, M. D. (2015). Regional Scale wind farm and solar farm suitability assessment using GIS-
assisted multi-criteria evaluation. Landscape and Urban Planning, 138, 20-31.

World Bank. (2021). World Bank Open Data. https://data.worldbank.org/

Yao, L., Guan, Z., Wang, Y., Hui, H., Luo, S., Jia, C., ... & Xiao, X. (2025). Evaluating the feasibility of
concentrated solar power as a replacement for coal-fired power in China: A comprehensive comparative
analysis. Applied Energy, 377, 124396.

Yousefi, H., Hafeznia, H., & Yousefi-Sahzabi, A. (2018). Spatial site selection for solar power plants using a gis-
based boolean-fuzzy logic model: A case study of Markazi Province, Iran. Energies, 11(7), 1648. [In
Persian]

Zakariazadeh, A., Ahshan, R., Al Abri, R., & Al-Abri, M. (2024). Renewable energy integration in sustainable
water systems: A review. Cleaner Engineering and Technology, 100722. [In Persian]

¢



\fW‘QL';M‘.L':‘Y O)Lo.:JsY 0,90 w)lawdsvjw).«dad.ouas

Zhao, Y., Li, S, Yang, D., Yahaya, I. I, & Pan, H. (2024). Assessment of site suitability for centralized
photovoltaic power stations in Northwest China’s six provinces. Journal of Environmental Management,
366, 121820.

¢y



