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ABSTRACT This study evaluated the theoretical, technical, and market potential of solar photovoltaic (PV) energy in Gyeonggi
Province, a region with the highest electricity demand in South Korea. Using two different solar irradiance datasets, we assessed how
the magnitude of irradiance influenced the PV potential estimates. The theoretical and technical potentials responded linearly to
changes in irradiance values, while the market potential exhibited nonlinear behavior owing to economic viability constraints. Our
results revealed that the market potential based on one of the irradiance datasets was approximately 6.5 times that based on the other,
thus demonstrating the sensitivity of potential estimates to the choice of input data. Furthermore, we analyzed the spatial disparities
across municipalities and found that the technical potential correlated with administrative area, whereas the market potential
correlated inversely with the population density. The actual PV generation in 2023 reached only 4.7% of the estimated market
potential. Thus, our findings underscore the importance of data reliability and spatial context in renewable energy planning. They also
highlight the need for policy efforts to overcome economic, regulatory, and social barriers, especially in high-demand areas such as
Gyeonggi Province.

Key words PV potential(Ef %33 24l =), Irradiance data uncertainty( Q4 A g o] €] £8H41 A), Utilization rate of market potential(A]
kA2 2-8-8), Levelized cost of electricity(w-53} 27}

Nomenclature AreaRatio : Ratio of module area to available

i . . . installation area
G"" : theoretical potential generation

to . . . eff : module efficiency
G' :technical generation . .
o N - . geo_restricted  : geographically restricted area

: market potential generation
radiati policy_restricted : politically restricted area
¢rr : 1rradiation

LCOE : levelized cost of electricity
. . . SMP : system marginal price
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CC : capital cost

OC': operational cost

LC :land cost

r :discount rate

d :degradation rate

LP :land price

LR : annual land lease rate relative to officially assessed
land value

DF : required land area per unit of PV capacity

Subscript
i grid
j  :type of PV technology

t :year
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Table 1. Comparison of solar irradiance dataset characteristics
from KIER and NIMS

Attribute KIER NIMS
Irradiance type Global Horizontal Irradiance
. 2016,07.01,~
Period 2012.01~2019.12 9021.06.30
Resolution 1,500 m 100 m
Derived from
Derived from LDAPS—based
Method Cheollian—1 satellite | terrain—adjusted
imagery model using SRTM
data

Table 2. Annual average solar irradiance value from KIER
and NIMS (W/m?)

Region Metric KIER NIMS
Mean 151.3 285.6
South Korea
Std. deviation 5.4 24.3
Mean 150.6 286.0
Gyeonggi—do —
Std. deviation 2.5 19.0
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Table 3. Geographical and political constraints

Constraints Specific criteria Area (km?)
Mountainous areas 5,110
Rivers 1,557
) .. [2326] Wetlands 668

Geographical constraints 5
Areas with slopes > 20 31,812
Landslide risk zones (Grade 1) 274
Areas with elevation ) 1,000 m 1,368
Protected natural areas 347
Zoning regulations Settlement zones 96
Airports 0.4
Cultural property protection zones 22
Cultural heritage Nationally designated cultural properties 59
zones Provincially designated cultural properties 13
Registered cultural heritage 0.1

Wildlife protection zones

Natural monument habitats
Politic'al Military zones (Demilitarized zone, Civilian Control Zone)
constraints
(23~26] Environmental conservation sea areas
Development— Natural parks 0 953
restricted areas Tidal flats ’
Water resource protection zones
Absolute conservation areas in land—use plans
Special management coastal areas
Yeonpyeong NLL zone

Ecological Ecological zoning map Grade 1 729
conservation zones Specially managed zones 803
Others Agricultural promotion areas 1,004

. - 13.27.28
Economic Constramts{ 7.28]

LCOE, SMP, REC, REC weight

Aol wet 2w B Vs R0 E vlE AR R AR A M| A3 7hs 859 A4(DF/100)E
() BA odfulgol w2t gk, ¢ = Vs 1% 3Tk,
(N 27] FAH|E(Y/kW)olaL, OC; R () A, A=A, HAH Aok gredol gt AR 7=t
A (1) BHYsRs A7t OOﬂH]B—(S’—J/kW/ )olt}. LG, SA, 2ea ZF Alof 2ol sigshe A7 E W A
L 7)< 9FH()), A-E(@) BAYSH= oIz Bx] oltjule Table 30 AEj=lo] Qlrk ® 71&A], A A AHS
(A/kW/ ) oz, AR ZAXZHLP, Y/m?), BAIX7} {1gt 8 7142 Table 40] A Ao} Q). FHikaQHE
iy A7F EX| AT & B)&(LR, %), I e F o (module area ratio), RE&E, AH|$Y, §& 448,
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Table 4. Technical and economic parameters for PV potential (a)KIER (b) NIMS
eStimation ‘Yeoncheon - Yeoncheon “
Ground-— Roofto Dunguumeo:mmm Doncdurhnn:mhmn
Parameter Mounted P Remarks i
PV Yangju Gapyeong s i Gapyeong
PV Uijeongbu Ulieorigbu
Module Ratio of mc?dule area 1 -
. 33 25 to available Yandeyiey Yandsydls
area ratio (%) . .
installation area
. Power conversion o &
Module efficiency 2 2 efficiency of PV e ichoon A e
(%)
modules Pk Rkl phrasens
Dens1gy factor 9.99 19.9 Requ}red areg per
(m*/kW) unit capacity ) ) 5
— Fig. 1. Market potential of PV: KIER vs. NIMS (MWh/year/100 m")
System lifetime
20 -
(years)
- Table 5. Comparison of PV potential in Gyeonggi—do by data
Degradation rate Annual efficiency sources (unit: TWh)
g @) 0.45 loss rate of PV )
0,
modules stage data | Theoretical | Technical | Market
Capital ial i 13,386 388 50
expenditure 1,366 1,720 Initial zr;\;istment KIER Q) 1) 1)
1000 KRW/kW, Total
( /kW) 25,660 749 322
O&M Annual Operation NIMS 1.9) 1.9) (6.5)
(1000 20.5 25.8 and Maintenance n '929 3é6 3'5
KRW/kW/year) cost KIER ’
. . . Ground— o) @ )
Land orice Land price is spatially applied based on mounted PV ” 2
p 9 publicly disclosed data,[lm Rooftop PV is NIMS 75 706 90
(KRW/m”) . 1.9 1.9) (8.4)
assumed to incur no land lease cost.
Annual land lease KIER 457 22 15
Land lease 5 rate relative to Rooftop PV @ @ @
cost ratio(%) officially assessed NIMS 885 43 32
land value 1.9 (1.9 @.1)
Discount rate (%) 4.5 — Note: Values in parentheses represent the ratio of NIMS—based
5—year (2019-2023) estimates to KIER—based estimates.
SMP (KRW/kWh) 123.1 average of System
Marginal Price
5—year (2019-2023) 91:] ﬁéﬂ‘ ]—i— oF 1 9HH(150 6 W/m vs. 286.0 W/m )-4 X]’
REC (KRW/kWh) 55.4 average of o|F HAt} o234, 7ed I F dlolE 1t YAt
Renewable Energy ~ ~ e
Certificate price = zlolo HlF|sto] oF 1 9uf HEo] Zfo]& LpeRHTE, o]
RECweight | 1 [ 15 - ol 27, 7|47 Aol Al o) A@A o Ut
$3H Fxo]7] thiolth %, BT WA 24 U
4, B2MZq} AbFol S7vebH WHRFE HF|ste] F7shH, o]= A
Ao] T2 AT Aoleh, W, A FYFS AN
4.1 Hio[Efoll hE Al ERNZ Bt Hslo] wha} A 4228 2el uf) F25] Z7lel= vl
A, YA HlolE o] &R0l uhet A Zapr) o 2] Ao g vhgsit) dAkEFo| F7tshH W] =
Al SRR =A1E AT 4 A3k= Fig. 10 AlZH] oL} 53 WHAT77| Wobx| a1, ofof whe} 7|Eeo= 7
O & A5kl Table 50l 2F FATF TAE 429} dlo|E A 7122 T55HA Ll AREo] AEA A A
A& Bl gk vlgo] KoFx|o] i}, olu] Table 2014 &<l Foll A Het, wheba] A Y] 7 Tt
gk Hie} 2ol KIERQ}F NIMSO| YAl HlolH = 4 7]%= A WA 7kl Hall, Aol S Ao Sfjel=
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I8 74+ 8 4HH
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Fig. 2(2)2} (b
Hojzm 9ct, 7]

[¢]

7154 7] A 2
A 7§7IE Ao 2
AP A AR L
AL & 4= ). Table 69]

S KIER 7]NF WA o
PRIt SA4BS el A,
SR B 2. 182 AP e

(a) Technical potential (b) Market potential

Nanoiy Gagyeong Yangiu Gapyeong

fanarm Yangbyeong

Fig. 2. Technical and market PV potential in Gyeonggi—do
(MWh/year/100 m?)

Table 6. Comparison of PV potential and generation in 2023 across municipalities in Gyeonggi—do

Technical Market PV Generation Utilization rate of Population Administrative
potential potential in 2023 market potential® density area
(GWh) (Gwh) (Gwh) (%) (people/km?) (km?)
Gyeonggi—do 387,584 49,614 2,340 4.7 1,389 10,195
Yeoncheon—gun 17,433 6,888 201 2.9 62 676
Paju—si 27,859 4,740 125 2.6 782 674
Anseong—si 25,430 4,490 193 4.3 377 553
Hwaseong—si 43,645 4,239 304 7.2 1,461 698
Pocheon—si 20,649 4,065 143 3.5 191 827
Yeoju—si 26,685 2,687 212 7.9 196 608
Yangpyeong—gun 17,618 2,235 66 2.9 146 878
Gapyeong—gun 9,319 2,022 55 2.7 76 844
Icheon—si 26,240 1,888 190 10.1 505 461
Yongin—si 23,683 1,781 83 4.7 1,872 591
Pyeongtaek—si 28,959 1,638 152 9.3 1,377 458
Ansan—si 8,736 1,446 63 4.3 4,317 156
Namyangju—si 12,490 1,428 50 3.5 1,619 458
Gimpo—si 15,649 1,353 95 7.0 1,853 277
Siheung—si 8,427 1,241 54 4.3 3,999 140
Yangju—si 11,308 1,207 54 4.4 963 310
Goyang—si 13,994 1,182 59 0.0 4,043 268
Suwon—si 7,437 878 41 4.6 10,173 121
Seongnam-—si 5,500 742 26 3.4 6,567 142
Bucheon—si 3,801 547 12 2.2 14,953 53
Hanam—si 3,383 467 16 3.3 3,569 93
Uijeongbu—si 2,889 430 16 3.7 5,742 82
Anyang—si 2,251 381 9 2.2 9,635 58
Dongducheon—si 2,000 286 12 4.2 952 96
Uiwang—si 1,973 275 8 3.0 2,880 54
Osan—si 2,818 263 19 7.1 5,916 43
Gunpo—si 1,727 263 7 2.7 7,191 36
Gwangmyeong—si 2,175 213 11 5.3 7,295 39
Guri—si 1,669 180 6 3.4 5,653 33
Gwacheon—si 1,173 121 3 2.2 2,391 36
Gwangju—si 10,663 37 58 158.0 957 431

* Utilization rate of market potential (%) is calculated as: Generation in 2023 + Market potential X 100
Note: Municipalities are listed in descending order of market potential,
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Table 7. Correlation between municipal—level solar PV potential and regional characteristics

Relationship Pearson’s r p—value 95% Cl
Technical potential and Area 0.769 < 0.001 [0.571, 0.883]
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