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Abstract

Solar energy has been known as a successful alternative energy source, however it requires a large
area to build power generation facilities compared to other energy sources such as nuclear power.
Weather factors such as rainy weather or night time impact on solar power generation because of lack
of insolation and sunshine. In addition, solar power generation is vulnerable to external elements such
as changes in temperature and fine dust. There are four seasons in the Republic of Korea hereby
variations of temperature, insolation and sunshine are broad. Currently factors that cause find dust are
continuously flowing in to Korea from abroad. In order to build a solar power plant, a large area is
required for a limited domestic land hereby selecting the optimal location for the plant that maximizes
the efficiency of power generation is necessary. Therefore, this research analyze the optimal site for
solar power generation plant by implementing analytic hierarchy process based on weather factors such
as fine dust. In order to extract weather factors that impact on solar power generation, this work
conducts a case study which includes a correlation analysis between weather information and power
generation.
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2.4.1 AHP (Analytic Hierarchy Process)
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<Table 1> Research procedure

Step 1 : Selection of impact factors

(1) Correlation analyses across average values of weather data

(2) Statistical Validation through correlation analyses between
fine dusts and factors of solar power generation

4

Step 2 : Selection of the optimal location using AHP

(1) Setting up a structure with evaluation factors and location data for AHP

(2) Calculating weights of AHP evaluation factors

(3) Calculating weights of location data

(4) Selecting the optimal location via Matrix product between
"Weight matrix of alternative’ and "Weight matrix of the evaluation factor'
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Hierarchy 1 Goal
Hi hy 2 Evaluation Evaluation Evaluation Evaluation
\erarchy criterion 1 criterion 2 criterion 3 criterion 4
Hierarchy 3 Alternative 1 Alternative 2 Alternative 3 Alternative 4

[Figure 1] Example of a hierarchy structure
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<Table 2> Meaning of scale (weight) A= o] FH e e} 11]-(Hae11 Ahn,

in 9—point Hedonic Scale 2007). Atin]a gollA] 2t H7EQ Aol tist 71

Scale(Weight) Meaning o} 7t B{7rQ 2ol thgt tijke] TeAE de U
1 Equal =, Formula 1, 2 = 72} 71e40] Aon| el d v}
2 between Equal and Moderate
7o A\ o}z AHB] 37 8 Alo
= o g7read theigte] Agrml e e] oajel.
4 between Moderate and Strong
5 Strong
6 between Strong and Very Strong
7 Very Strong
8 between Very Strong and Extreme
.3 Extreme
Eq E> e E(n-1) E. Eigenvector
E, 1 W, W W A
E. 1/ W, 1 W Ws Az
Ewm-1 1/ W2 1/Wa 1 W, K5
E. 1/ W3 1/ Ws 1/ W, 1 An

E,, = Evaluation factors
W, =
A, = Weight of nth evaluation factor

Weights of the evaluation factors

Formula 1. An example of a pairwise comparision matrix of evaluation factors
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A, = Alternatives
W,, = Weights of the alternatives

Ag(nm) = Weight of the mth alternative to the nth evaluation factor

Formula 2. An example of a pairwise comparision matrix of Alternatives to the nth evaluation factor

Ao e] F7lpPgels Frkde] 471 o 3 ] RI #k2 <Table 3>¥} #t}(Saaty. T, 1996 ; Kil
7HRRE 7Ee] A cloiwEAl & 4 it ol W Kon Ko et al., 2001).
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7} o]FoiRThar Hrkske)l CR2 Cl(Consistency Index

; A9 ¢F RI(Random Index ; 2+ AP & & 1 _
§31=vl, CR¥} CIi= Formula 3, 4 2 B3 92 5 9 C] = Zmax— 1
on] RIgk ¥E =7]2 10002 dfu 98X o n—1
3lo] wk=ojll 9348 (Reciprocal Matrix) 2] CI 3
s ARgsh, Sde] Ak nol 164 157F4]

Formula 3. Formula for CR

_1

me Ml oo ¥

Formula 4. Formula for CI

<Table 3> RI values of reciprocal matrix dimension

Dimension of ecpocalmatix | 1| 2 | 3 [ A S 6 TR0 R W]
i D) 0 (03|08 | 10|14 )13 | 0|14 ) 148 ) 1) 14| 136 | 13T | 1

3.4 7} tigke] 71X AA & glek. o W, Brkezel wet 1EH WL 2
Brrezel digk 7FEAsh 7 rkaze] g ey 7RSel dish diske] 7R e RS AR
o VEAE Bgal 7 igte] AF Fewg py vl Formula 5 = P xjels,

}‘f('i.'n }\E(Q.'IJ AE[r‘l-'l.'iJ ;\E{n.‘ll A‘]
AE(‘!,E) )\E{2_2J A[[nf1,2J }\E{n,ZJ A2
L ]
AF{1 m-1} )\F[-?,rﬂ 1) seee AEt’:‘|-1_rr‘|-1) AF(n_l‘!’\ 1) Al:n-‘i)
AI:[1.rn] }\EIE.m] )\L{n-tm] Al':(n.m} Ar'|

A. = Weight of the nth evaluation factor

Ag(n.m) = Weight of the mth alternative to the nth evaluation factor
Formula 5. An example of matrix product between weight matrix of alternative
and weight matrix of evaluation factor
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Aegmy = Weight of the mth alternative to the ith evaluation factor

Formula 6. Result of 'Formula 5'
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Result of correlation analysis between
“Technical energy potential’ and "Weather factors’
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Result of correlation analysis between
'Quantity of solar photoveltaic'’ and "Weather factors’
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[Figure 2] Results of correlation analyses between "Weather factors' and 'Technical energy potential' &

'"Weather factors' and 'Quantity of solar photovoltaic'
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AlZ1tH(Seung—min Lee, 2015). o]glst A
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N
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=L o

e At n A 5 oF 18,600702] CSVA HlolElE S=48to]
AR AxE AElE)] wAHR] = PRPE 23F Ak
4.2.2 22} AAES 28 AN A= [Figure 313 Aok 23 Abd
uAHA 7} dhAEke] n)x)= oJeke RS Majel  AA ARATE A" B dolEle] $E ikl
Q1 ‘SolarCell®] AWA] @& g&Fslol] ¥t A+~ gli=es) %%%T&ﬁ]T(Kendalls tau) & ARESISITH
of =W F7F ve ) vAxE ] Y=

. — .
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Comelaion coeffcent

ET 28 Er] Sk 5S4 55
e s

10=E 118 122 150

| Fine dust level [ 36 [ 38 [ a0 [ a4 [ sa

55 64 [ 85 | as [ 1o3 [ 1ia | 122 | 150 |

| Correlation coefficient | 002 [o2s [ o022 o1 | o

I
026 | o2z |

-0.06 | -0.06 | -0.66 | -0.40 | 067 | -0.61 |

[Figure 3] Results of correlation analysis between 'Fine dust level' and 'Quantity of solar photovoltaic’

o7 AREA ATE Aued uAwA 55 4.3 AHPS 393 x| A
1007t o wi= d¥d gl AHAE BolAy 5
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A HA| 9} HEdERe 5] AAEAE 7T A& AHPE E3 i ade 98 ()04 Solu)st AF
2% @ 02 AAT Fushd WAL L L gae we aay Az Fw 0AWA 471
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(s ¢ ’ 1 = A~z o {5 KU _ -

e PR She TS S0 AR yygep e, suag ASE A5 9 w8 Yeke
Ag 7 Qlom,  mlAEX] o] AAlE Al 2 AAEAT A BT} gore wakale] =t
AR TAZF 1009189 ™ wradn: Ak oA AFTEE [Figure 41 9 2

Goal Selection of the optimal location
Eva!uat_ion Insolation Sunshine Humidity Fine dust

criteria
Alternative Gangwon Gyeonggi Gyeongnam Gyeongbuk Jeonnam Jeonbuk Jeju Chungnam Chungbuk

[Figure 4] Hierarchy structure of decision making
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4.3.2 F7V&E

7]

<Table 4> = 47} H7}71EFY 715%] (Weight) &
AAsE Axjolty,

<Table 4> Weights of evaluation factors

Insolation Sunshine Humidity Fine dust Weight

ArxATE A FrplE TheAE YA
(0.38), Ax=(0.38), +%(0.14), wAIH=](0.09)
0% Yehty, CR ValueZb 0.1 wgko=z oA
N H I o] o]FojxiTh

%S |

4.3.3 Z} 71240 gt diete] 715A

Insolation 1 1 3 4 0384457
. A=) [e) 1=
Sunshine 1 1 3 4 (384457 <Table 5>%-E] <Table 8> & 2010W*F¥ 20154
Humidity 0333333 0333333 1 2 0143304 7R oA, Az &% wAWA| 47kx] Br)E
i I = B = Ry = o
Fine dust 025 025 05 1 0087781 o] AW HolEE HAMsle] 7+ W Fe| gist o)
= _
k] 7RsAlE AR Aol
CR Value = 0.007669
<Table 5> Location of weights for Insolation
Location of weights for Insolation
Jeonnam Gyeongnam Jeju Chungbuk Gyeongbuk Jeonbuk Gangwon Chungnam Gyeonggi Weight
Jeonnam 1 1 1 2 3 3 3 4 6 0.2051228
Gyeongnam 1 1 1 2 2 2 3 3 6 0.1803574
Jeju 1 1 1 1 2 2 3 3 6 0.1687024
Chungbuk 0.5 0.5 1 1 1 1 1 3 ] 0.1097529
Gyeongbuk 0.3333333 0.5 0.5 1 1 1 1 2 5 0.0906908&6
Jeonbuk 0.3333333 0.5 0.5 1 1 1 1 2 5 0.0906906
Gangwon 0.3333333 0.3333333 0.3333333 1 1 1 1 1 4 0.0756263
Chungnam 0.25 0.3333333 0.3333333 0.3333333 0.5 0.5 1 1 4 0.0564763
Gyeonggi 0.1666667 0.1666667 0.1666667 0.2 0.2 0.2 0.25 0.25 1 0.0225808
CR Value = 0.019
<Table 6> Location of weights for Sunshine
Location of weights for Sunshine
Gyeonggi Gyeongnam Gyeongbuk Gangwon Chungbuk Chungnam Jeonnam Jeanbuk Jeju Weight
Gyeonggi 1 1 . 2 2 2 2 3 = 0.1943258
Gyeongnam 1 1 2 2 2 2 2 3 5 0.1943258
Gyeongbuk 0.5 0.5 1 1 1 1 1 2 4 0.1055458
Gangwon 0.5 0.5 1 1 1 1 1 2 4 0.1055458
Chungbuk 0.5 0.5 1 1 1 1 1 2 4 0.1055458
Chungnam 0.5 0.5 1 1 1 1 1 2 4 0.1055458
Jeonnam 0.5 Q.5 1 1 1 1 1 2 3 0.1020736
Jeonbuk 0.3333333 03333333 0.5 0.5 0.5 0.5 0.5 1 2 0.0564521
Jeju 0.2 0.2 0.25 0.25 0.25 0.25 0.3333333 0.5 1 0.0306393
CR Value = 0.003
<Table 7> Location of weights for Humidity
Location of weights for Humidity
Jeju Jeonnam  Chungnam Jeonbuk Gyeonggi Chungbuk Gangwon Gyeongbuk Gyeongnam Weight
Jeju 1 1 1 1 3 3 4 4 5 0.1885654
Jeonnam 1 1 1 1 3 3 4 4 4 0.1837345
Chungnam 1 3 1 1 3 3 4 4 4 0.1837345
Jeonbuk 1 1 1 1 3 3 3 4 4 0.1784435
Gyeonggi 0.3333333 0.3333333 0.3333333 0.3333333 1 1 2 2 2 0.0713598
Chungbuk 0.3333333 0.3333333 0.3333333 0.3333333 1 1 1 1 1 0.0561874
Gangwon 0.25 0.25 0.25 0.3333333 0.5 1 1 1 1 0.047459
Gyeongbuk 0.25 0.25 0.25 0.25 0.5 1 1 1 1 0.0457755
Gyeongnam 0.2 0.25 0.25 0.25 0.5 1 1 1 1 0.0447403

CR Value = 0.006
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<Table 8> Location of weights for Fine dust

Location of weights for Fine dust

Chungbuk Gyeonggi
Chungbuk 1 1
Gyeonggi L 1
Jeonbuk 1 1
Gangwon 0.5 0.5
Gyeongbuk 0.5 0.5
Gyeongnam 0.3333333 0.5
Chungnam 0.3333333 0.5
Jeju 0.25 0.3333333
Jeonnam 0.1666667 0.1666667

Jeonbuk Gangwon Gyeongbuk Gyeongnam Chungnam Jeju Jeonnam Weight
1 2 2 3 3 4 & 0.2004276
1 2 2 2 2 3 6 01758086
1 1 2 2 2 3 6 0.1643539
1 1 1 1 1 2 5 0.1056752
0.5 1 1 1 1 2 5 0.0964159
0.5 1 1 1 1 1 5 0.0863317
0.5 1 1 1 1 1 4 0.0836862
0.3333333 0.5 0.5 1 1 1 4 0.0644918
0.1666667 0.2 0.2 0.2 0.25 0.25 1 0.0228091

CR Value = 0.014

dRlE ARt
0.2D), dx==

As e RS Adgpd e
¥ T AF5E0.19),

471%(0.19),
A AHA S FHEE0.20)7F 73

Eo JAE B

olm, 4714 A3} % CR Value7} 0.1 wigto g ¢
74 Qe AE Atk

Insolation Sunshine Humidity Fine dust

Gangwon | 0.075626
Gyeonggi | 0.022581
Gyeongnam | 0.180357
Gyeongbuk | 0.090691
Jeonnam | 0.205123
Jeonbuk 0.090691
Jeju 0.168702
Chungnam | 0.056476
Chungbuk | 0.109753

0.105546
0.194326
0.194326
0.105546
0.102074
0.056452
0.030639
0.105546
0.105546

0.047459
0.07136
0.04474

0.045776

0.183735

0.178444

0.188565

0.183735

0.056187

4.3.4 HAHYA 4%

<Table 9> + 4.3.29} 4.3.3°4 & 7EX=
Matrix® g3t ¥ Matrix product® Z3al thetre]
THFTREE Antet Aol dxpgF dxge
A} ko] AAAlE 7HER TheAE 2R A
S, FE9 vAHRE gy SO ARIAE
THER TR AE 59 #oE RAste] ARgSIGIth
THFRES] wAE 4 dAE9le Z

<Table 9> Comprehensive results via AHP

0.105675
0.175809
0.086332
0.096416
0.022809
0.164354
0.064492
0.083686
0.200428

Gyeongnam 0.130060005

weight of evaluation factor Jeonnam 0.089771843
0.384457478 Gyeongbuk 0.06042126

° 0.384457478 - Gyeonggi 0.057732558
-0.143304008 - Chungbuk 0.057127587

-0.087781036 Gangwon 0.053575624

Jeju 0.043955074

Chungnam 0.02861468

Jeonbuk 0.016571282

Comprehensive result
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