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Abstract

Background and Objective: Considering the effects of power plants locations on society, economy
and environment, it is important to choose a suitable site for this facility. In order to find a suitable
location for the construction of combined-cycle power plant, GIS can effectively provide a combination
of the required information for site selection. This study aims to identify the most important factors in
determining the appropriate place for the construction of combined-cycle power plants. The role and
influence of each factor (distance from access roads, altitude, slope of the land, distance from the
earthquake-prone areas, distance from surface water resources and distance of the fault lines) are also
determined.

Method: Using fuzzy membership functions, the standardized criteria maps were created in GIS based
on the nature and role of these factors in the site selection. First, it was necessary to multiply these layers
to their weights based on their priorities for combination of the criteria. Fuzzy AHP was used for this
purpose. Finally, Ordered Weighted Averaging was used to overlay and combine the layers.

Findings: The results indicate that the northwestern part of Qazvin province is inappropriate for the
intended purpose and eastern and southeast parts of the study area are forecasted.

Discussion and Conclusion: Since the risk level of making decision is controlled at high, low or
intermediate in combination of the layers by this method, the application of the results of this method
will be acceptable, making decisions based on this method will have less uncertainty and the results of
this method can be used with more confidence.
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1- Analytical Hierarchy process
2- Ordered Weighted Averaging
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Figure 1. Geographical location of study area
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Table 1. Criteria and sub-criteria of locating a combined cycle power plant

Pleg LU oo yo Coonl ,lzo 3 Lo
Coal o eloizl o golazdl ol oIl
’ ) Sl gz & wd L)l slaol
&J|ﬁ g,L""’ 9 J—’?f.«c WS et ‘;‘)‘5)).-3 L_';'a J p)
(seloza ! soladl Sl g8 5 01 b by
e Cens 25 slaosles cotel O (puels il e by 25
°9)
w2 dyd; bl
25,0 slaojle cuel (el s e b slacgsgame
6.>La;_91 d)L’L'
B
. O3 ot 3 A5 sloojle Cotal (yals
Cm § e golazdl Sk : Lo
L_;"‘-.t-’“’ SR ol 6&,4“%). o= S 9 AS‘”L"‘"'U'S"’)
ol By sbaosle cile Sl sy iyl elis |
. loslr 5 (25,0 slaojle cSle g Oy JS8
e oy (golal e
[t
S o colazdl EL) Ly
e s ol o 3 236 ags o slo s pals | ET TSR
shable> dga  Saslh) o Oy oK st Ty ) Cudgase
o gy sl 0 50 9 ‘ .
5 LS job slaassS o 3 (&35S Pl olaeuls
(6)93L’.> e
sl 950 el s
e S ol Sl S5, (el L )
) . - . & 5 . ) - : ‘bLaJ




Ol Ko g ool jule

QA olo 818 35 AY olosds (o j nmo (6591955 g pole A

G Cugas il @ azgi b ol o lailiw! glo)luxo - Jgu
Table 2. Normalized criteria according to their fuzzy membership functions

S bl

A B C D

&y | S

& loges Jbro

&b | &b

Yoo

VOoor | Yoo Oeoe A- %

e | (b

sl | s | ke

O%0)

Bl | e L
A =43
LT ()_:.4_}_.]_‘,

Yod

xls

Yo os v.-.(f“"““’" u‘""’““‘"

5l alold
| Lskes
eml@¥l | e I,

el AL

(FAHP)‘S}& o alidw Jodxi ..\.uT)s
O3 9 prainns & D00 4 AHP (595 10 (509: (556 poie
B | u)f )|)§ 4:>9.: 3,90 Lg)‘lé GL‘“‘W )‘l oolazw!
G358 porie (b oo le loslannl b g, ol yo &Blg
Sg g0 03lo LB (> g) duglan Glo s Slo ysd 10 y0s
ez Joe jo 1) (650 popie oS ola by, le yo (YY)
Lgs ool al)l gy 4 g3 oo Wilosges Jlasl ool e aludes
(BSL lawg oals alyl 53 AHP oYy Sged o Ll IS

ol o ablb e SodS AHP ) 5l sladly goess S0

FAHP s, b blse (25055
Sy o5 0sb o Sel (23055 il Wiz b3l e
5 4528 Gk ol 5l g auS o (Sslite la ) it
plsl (pogss az bz 005 Ojge G SB L baflos
@ sl atsl GlS (55 bay gase g o9l
@l allie ol 55 05l ooiS el jaF Ly Wilsi o skl sy
50 &8ly yo el oals eolatnl 536 o 7l sl sy 5l 2008
3 0% 3L pode (Sbj slad b jleslitul b g ol

Bgd g0 08ls CIBs gy aslio lo s yile S




q v 9 FUZZY AHP gy 51 oolisw! U (oS 3 S o 5 b S0

—_ a; b: ¢ di
W= G

gl 0 Lyl 5 D jg0 4 (X).UVT/i Caghae mbaS g 0k @

0 if x < (%) orx = (%)
1 if (bi/c) <x< (%)
p, (x) = a; d;
a € [.,1] f(EL)S X < (?L)
a € [.,1] 1f(%)$x_(%

ekl sl X wsb(a; /d) < x<(b;/C) a5 b
90,5 o0 dlore

x = fi(a) 1 9(a)

alal, 51X sl (6 /D) =x = (d; /) o5 by peizren

90,5 o dlors 3
x = gi(a)/ f(a)
&S S5k
f(a) = X%, £i(3)
9(8) = I, 9:(a)
plas 5,85 ] 51 polis plos (sl pgo o5 alin Go ko &
g oo dwle Lmrij (sl sl QWJ
S & slagjg 9 ezl oS 5 L el Gl )3 —pgw o8
alal, 5l ool b Uil cosslha yyolin o L3 pl5 o sl
33,5 o dloes 3
Uy =Xj=1 Wy
G98 alul; 0 630 oz 5 00 la S o sln &S 5 9k
05,5 oo ooliinl i iy a5 iu ol 50 B oS g,
s ol 015 Ol il Sliles - ez a5
50 00,8 eolaiwl olessil wldes sl mbaw 35 0 g, 5l
SeadlS oS 4 (551 e gy ) &S by, ool
D9 o0 03l Z7 e (gl o alal) 5l il oo

* = M (2).zdz
Jue (2)dz

e SIS e [ ol a8

ks).u: ..l .
VAPD Jlo o e silal jguds p Jawsi )b sl sl (65 porde

peplio 5l Wilgi oo bl Blaie (g sliiel a4 Ly ays 5 4l

Sewd & 6l g 550 olael sl aan 35 (25 amnlie sl o
e S 5Nl 29 5l ez 5 by 00!
Gl 4 (Sole 4y ig, ol a5 1> 00,8 e eolaul
o Pl Sl 2ol Slsr rizes 5 Wil peess LB
s gy ol e e 2y Slalie
g 2 sl (g5 Slaslie Wl oo 005525 preas

(V) wled ol slassged (o5 olael LJB
g0 Ol 25 8 Sl B o Gl oo ) (ASL g 05!
0 bagi (295 Slaslie o ila o5 pl o -4l o
slacl oy il ol slaglodl 00,5 oo (astive 05,5 ol
oledl p pll Ll Cama )| az )l Logy ainlgs (glaiijed (o5l
Bl s olas =@y, bijicijdig) AL, el

Sy sl S ygo opl wpll Ll g plf Ll Cume
1 1 1 1
dij'cij'bij'aij

aji = (
RPPIRTAPEE C~ljl- = (1,1,1,1)511-1- sl i=j aS Sy o
00,5 o0 dilme (W) 556 sloyss 08 ol o -5 o8
Sl bl e o pusie (ke bl S Gl 6ln
Dgdee (s py abaly sl eslitul b (g luglie
7= (g - Gy o Gy )/
g sty 25 alaly 5L W) (536 (55 s
W=Z; (Z;®Z,d..®7Z)"!
3B sl Sdos (358 Laly) ;o aor 9 o ro sl S fee
ool o Wi aculons 0925 Slaye 4 aslsl s axil e
Ajj 638 acgame Cunly gz (O1)S) 0 S (55 098 o0
D35 Gy laly) Djgo i
1
fi@ = [T} ((bsj — a;j)a+ ;)= ac€
[-.1]
9i(@) = [[Tj=1((cj —dij)a + bij)]l/n , aE€
[-.1]
a= a5 a; =72 aij]l/n SUS JRRNEE N
whdsdi Coci b gbyp alie 050 AXIT 4
s 4y 5 W 36 (3 i ot 95a iy Ol oo

1l o Cawoay




Ol Ko g ool jule

QA olo 013 15 AT 6 losds eons ; brammo (55909355 g pole .

Lg.)weMw)‘oA.CMj)J:)‘mwAH}bl Q])QJ
wbse Jor

Ded g0 S JiS Ojg0 4 obaz )0 paphe

n
<o W Z (n—1i)
-

4

1
Orness (w) = a=—
n-1

oed 05T liee Sole 5 o)l JL3 () alols s aS
b asls | dacgazme o Hau b g e polie (g5 2 0ni S
a5 Ll 003 5 ol (§30,5 Ses ) 9 SNy Slas by
o 0 L OWA S ee cosBye (s pdySms; L Orness
(Y8) a2 co lis (poe;5L) OR g (pewie) AND Lailg,
(Dl o5 S ) Wil S @haz)e jlade az e
2l 5 0k S medl (6 pdy S s b g (Ste> Ol
(ABh 5S35 o &) Wbk SpS (gbaz ;0 jluie az 0 5 09,
Sy dloS 5 08 S el (6325 Sy b (e Glie
20 OrNess (W)>0/5 LOWA 5 e o S5 j5b 4
Orness (W)= 0/5 5 ¢estss b sy Sy oS poonss S
S5 B ,20 OrNESs (W)< 0/5 3 s 15 paenal S5 By
5 le 0o otn 09 08153 o b 25 S, S s
ol ye abl e OT sl mess OWA 3 Lee 5l ool
Sy Omd sl Aol ey Sle poine B9 5l Lo allie
9 &:‘9 Ja.\.uss Jd.n 'JJ‘ W""SLSQ oolaiwl OWA )fJ.o&

ON) el s yme 5,4

Minimum &

Orness (W) =2?=1:—:i wi=a < ac<1
n

ZWi =1

i=1

W;i-W;1-0<0 i=1,...,n-1
W;-W;1+0=0 i=1,...,n-1

w; =0 i=1,...,n

ools gbaz o & axgi b aS col s Jow S Jow ol

O Aol (Jas pl j0 o5leg o s e A ond

OialS Sl o b onds ools obiaz o cod jglre slogye

S gmlin (sodd iy (5l pe 45 Mg 0y (LAl g
Sgdsa Jols |y o oy, g s )95 5l (gremg o (5516 3lato
(536 sladcgerme el o Ly pogie ¥ aly p Lulul o5
& Gl (glacgaze g3l acgaze (YD) O (gl yuiie
ol il 3l acgezme o 4 (1) Cugde az 0 b b polie
g ates e Oygo 4 X sus o lp Cogae &b

Pedse Sy p sabal,
x-1)/(m-D0I<x<ml+m
uz(x) =4 (x—r)/(m—-r)ym<x <rm=#r
0, Otherelse

v

Slio 55 slasl - b

Figure 2. Triangular fuzzy numbers

] e o3 sae S gosims las (Ibmyr) o js a8

04l 4 o (39 (Rileo (09 -
Pl S5y 2 Sy SR (58 a s Sy 0
a5 Sy eleS 9y p RS S 38l g 4T S g
OV AYV)amss oo 51,3 593 Sl S 1, 5 wisS o 0ST
Ol B Canl 0B oald cipe s 035 (Sl )
Sl )3 1T g e ) 031 (650 8 Senn ) 9 6 p iy Sins,
S Moo L F OWA 5 e bl 8l ol anss
w =Wy ,...oWp )T sl LFIR™ 5 R culss
X=(x1  GenosXpools 51 639,5 sacgamme S sl @
4SSy & WS ,F e K308y b sl 8 45
— — T
F(xq,. x,) = Xi=wi b =W'B
:J.;Su;o Be bd bl yl ow; a8
Wie[0,1] 1i=1,...,n

n —
=g w;i=1



) o g FUZZY AHP g 3l oolisinl b (oS 35 S o895 2l o150

G azgl g ol oolatul el lulis IS a5l ety
)5 e Lo > galold adlllas 5 )50 sabhie Luls
oo 03,51 ¥ Jsaz 10 olFg 1 by, 00S Sgazme Lelse
bl (55536 @ @l sl o) 3 Jol> s Gillae o
98 Ol 53 (S S o 2LOlSe sl e
55 955 so oanlie a5 ol lan 0l (i F Jgo illae
b ool alol 5 (rex STy jlalold Jlas Jsux
P09 reS eldime) 9 et e 9 (9 Cn R

ools QLAAAJ “r o)}o 6[.%)[.,.9.@

0uiSTy plaie job 4 Jao opl I ol slagyj b e

S oo Sy b aslas 5l 5 Wl

Ly dgume o Gantd
alwd g g0 a ]y Ll 0 50 ladl T (sasgemme lalydgame
&8ly 50 anled oo peeadl (+) ollasl 9 (V) ollas slaas 35
Sgdsa el ojlime wiz oLl Wiy, 0 lacusgaze Jlecl
iy 5l o las vy lag] o oSy ISl a5 plaasyS
SOl sl s Bix (g S e w18 5l 5l laasy 38

Ol 5 ST ols vgzg (o0l (gouisS Sgaze Julge o5,

ol (Lo a8 50 0uidS dguce Julge -F Jguar
Table 3. Limiting factors in locating the power plant

Cudgdzme (A A sl el 0disS dgasme Jele
R laesl>oy,
S A > (s (slael,

doyo Ve oYb ol

SragkS ) o> JuS Lol

S reskS ¥ o> SRS (95w S50
SreskS ) 2> iy (F9Sme ST50
SreskS Y 2> ot cbli> bl




Ol Ko g ool jule

QA olo 818 35 AY o losds (o ) anmo (65919555 g pole Y

( ‘..’TTS.”.,&:—';LSS):'J;&""'{',‘é)a)J"‘ J'-.—-o)ia:m,__t;b,'.all.b e 1

.

( v’.‘?"‘ \Sl&)L.—"‘ d"‘m" \S)L \h_\' 5 \5)l_4 oJL-]

™

/

v

GIS l=. o WGS1984

\__a,p'@‘u.ﬁ;_,_ab:.éa;buor(él_:'_éuavli-\.é

L

.

[ 2 sobs J"‘"i‘ﬂ? e:-?..‘:.; ‘1

~

\

)l_.u-L_.E.a»oL.5VL..i£J..S..a¢)l.u'th.:] ;)3,\5’;5)-—-‘)35-%)*';',3'.‘,“3?-‘*?“@J"L‘"J

.

a1 Az Ao v
& lalas acs 45 o5l o el

™~

(TOL) G ‘)gh>.:a‘u 3&5)"’ U_'a_,)

- .

-

Jacuogione 5 28 ¢ 4y

-1 -
\;:J}! S g,‘-'u‘b

|

& N\
v.‘.._g) )! salaz I L &)L-.- “ JM),
<5 AHP
N b4

y

( el SR A 5 et e (Fhs eSile g, b ol g0 SLile Sy e e Congllae o ]

2938 30 25 5 S oUg i (2Ll Sy oo Cemgllan (2L 5l a8 Joo Y S
Figure 3. Land suitability assessment process model in order to locating a combined cycle power plant in
Ghazvin province

S gy 2Ll @ln wiie byl (35 5
spboled Wl i T ooz Billae (938 pliwl jo oSS
ez She slalold Jlxe Jeuz cpl jo 098 o cvwlive a5
5 e Jlere 5 039 GriGke b slaol 5l alol
OLad (o 9550 Soslame 13 1) (459 (n S (owlidime)

Qaols

S Bl gy bl ad e (glyle Allie (o
W0 )8 bl i plulia )5l e g 2 g
S0 sodgdoe lal il 4 axgily oul plulil slelse
28518 6,5l 5 sl 950 (S slacgsgae
Cogas b SaS a4 00l o laibiwl sl lors solad Y oo o

< gl @l Gy Jels s llas sl sai 00,41 (55l

o9 (2L (sl et s ylro (339 -F Joua
Table 4. The selected criteria weights in order to locating the power plant

S (439 o Jbxo (339 Jbxe
AR 2l ep)ls RN )
-N¥ sy bl 5l alols Y ez S ye 5 alols
<\Y sy goly a5l alold AN s gl 5l alols
QAR S g bl e AR Lo o 5l gl )|




W w9 FUZZY AHP (g 1 ooliil b (oS 57 S o (2l (50

ol |y s O JSs awl cass 4 (WLC) oles <>

.A.Q:bc;a

b ,las gouds o lulinl slaa¥ o alol> slagyjs coles yo

5 (OR) ob; Sy, (AND) (5 S & 90 a0 s

ol 531 sy -F ISC&

(@ sl bl 5 abols (F . cures 35750 3 aliold (€ ool,l (532,15 (A ST g ol o (€ « o (D gl @

o g.:T &l h . (M I d ol gasul 3l alold
Figure 4. Fuzzy layers

a) Elevation, b) Slope, ¢) Geology and soil, d) Land use, e) Distance of population centers, f) Distance of seismic
points, g) Distance of access roads network, h) surface water resources

2 Nigdge Ll 60l Ganwy Gl clis (g e
Gl lasliul 658 laie galiwg 4 by lre (sloands anlol
Sloolatwl b ,giS1 sleasss wo (o 5lws,lailunl (g, ;o .aiol
-0 Sdome (gaadl Y U e s 00gaome [0 (551 slo S s
ol yho Lyl (go0e (b5, a5 Sl Sy 45 (5 sbds gl
g, Lainl Glp |y GrpS cwls WpSGop oo au b
Vo b el ) gl goas o), a5 sla Sy g ai)l
Say 3l ol8g s Ll sl 1) (65 G el X 5SG0
AHP 3L 55, 4 Lo )lro b 545 55 o Lo (5500 Jaslinsl |
pb ar (23055 5l (5090 Saesezme Tl 0 igd (83058

s Sy el m00yss €5 ool o Jles! aaiyi o)

OS5 s ai] 0 FAHP-OWA Jus sl jelaie o
59 9 oS 5 bl oS 5 S o890 Slaxl gl el
by Olpie 4 Cadgaze Gledldi wiad (po05y Zole
Sl G g 500 08 90 (ol by JuSoy 5 wS o0 Jes
2 ol 4 )F ks o jao b Codgaze lgie 4 a5 g
o3yl &5 olasbe b 5 wa0 S dmlxe Ghiloy a3
loaids abis pl 0 (V) ad dcwle Conl G Loyl (so0e
oS sl inliol o guyiws slool, daailsss,
llir 3l 5 i (sSome 551015 S (S95ms 550
SALE DD axd S Al o Cudgase glaand leie 4 ool

ol 50 ail LS s Slogenat S Olaie 4 Cudguze sla




Ol Ko g ool jule

QA olo 815 35 AY o losds (o ) anmo (65919555 g pole ) ¢

P 039 S &S Sl S el plie ABL Y Wb S (oS 5
455 oy A Blizie Jalge I oo Sy 4 il >l

(V) 2k parass pliaes
wisd oo Gl iledoe (g slaaid &5 sbilea
Sl s Ol By 5 315 wrz Gl o &y (s
sans Gb n i Qb o5y el
Slasl slp oK (o Fewlio eui 3 4 WLC 3 OR AND

2938 il 3,8 5 35 0 o Byd gz (oS SSes oy s

AND

ey

il <> 3 (OR) 33 Sy (AND) o5 Samg 5 : OWA g, & o150 31 Joolo s - S5

gl 55 5 (Trade off) b 2516 (o 0300 alal, SIS

IRE-X |y ol s o S
bojlre gy 2 JoSoy @ ISy sl 2 55 (PO0)9
20 oldad,; cu S galiwy 4 &S ek 4 0y, 00 )5 @
=039 20 D90 et ygiS L (sden )0 (July) (SunBse
(=55 035 M) s Olsl jlne Slawi 4 (od i (20
JeSy 2 04, iomb b e,eSBa ) (oS5 (5 pasle
O POl LS8 Gregs an ¥ (d 5 (339 0l (ol
busSB @ A (i (s oz 9 9550 LS 4 Al
Olsl oz 3 o0l platsl JuSiy 0 )0 45, (YL
wLe

- X
= iz
™ 3]
L ,
w T
" -
" ::
. s
imn "w
L <
- .
" a
m "
» 1]
"wm -~
i .

Figure 5. The result map of locating by OWA method: Low risk (AND), High risk (OR) and Moderate (WLC)
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