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Abstract

As the importance of renewable energy diffusion spreads, promotion of sustainable
renewable energy projects such as agrivoltaics is expected to accelerate. Furthermore, to
promote agrivoltaics projects, it must be considered the legislation related to agrivoltaics and
Chungnam Province’s local policy. This research focuses on the selection of the most suitable
sites for agrivoltaics installations in Chungnam Province in South Korea. Therefore, the process
of this research was as follows. First, the legislation related to agrivoltaics and local policy in
Chungnam Province were identified. Second, it employs an analytic hierarchy process (AHP)
to consider important criteria and their weights for site selection. Third, based on the weights
calculated AHP, geographic information system (GIS) was performed to select most suitable
location selection of agrivoltaics installations in Chungnam Province. The analysis identified
approximately 60 promising most suitable location for agrivoltaics installations in Chungnam
Province, primarily in the northern part of Chungnam Province. These areas are expected to
meet electricity demands in nearby regions since these are relatively adjacent to Gyeonggi
Province. According to the results of research, policy suggestions related to agrivoltaics were
presented separately into the agricultural sector and the electricity power sector. The study’s
results serve as a valuable resource for future national-level candidate site selection for
agrivoltaics projects.

Keywords: agrivoltaics, AHP (analytic hierarchy process), arcGIS (geographic information
system), Chungnam province, location selection
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Table 1. Literature review on wind and solar power location selection.

Sector Authors Factors

Solar Lee and Lee (2016)  Geographical factors: Direction, shading, and river
Climatic factors: Average temperature, average humidity, days with precipitation, fog days,
precipitation, solar radiation, sunshine hours

Leeand Lee (2015)  Geographical factors: Slope, direction, shading, and distance from road
Climatic factors: Solar radiation, precipitation, hours of sunshine, days with precipitation, total cloud
cover, average temperature, average humidity, and number of yellow dust days
Economic factors: Land purchase cost
Social factors: Residential area
Cultural factors: Distance from historic sites/cultural assets
Lee and Kang (2010) Constraints: Site under construction, historic site, and reserved land
Location conditions: Land use, elevation, direction, slope, road, and river
Tegouetal. (2010) Environmental/social factors: Visual impact, visibility from settlements, and visibility from
archaeological sites
Economic factors: Land value, distance from electricity grid, and distance from road network
Technical factors: Slope, and wind potential
Environmental factors: Land cover, and electricity demand
Park etal. (2010)  Slope, elevation, slope direction, solar radiation, wind speed, and temperature distribution

Wind Kwonetal. (2014)  Climate factors: Average wind speed
Geographical factors: Sloe, altitude, and landslide hazard rating
Social factors: Residential area, and access roads
Ecological factors: Forest type, Backdudaegan protected area, forest protected area, and national park

Leeetal. (2010)  Climate factors: Wind speed, and wind direction
Geographical factors: Elevation, slope, slope direction, proximity to rivers, proximity to roads, and land
use status
Asakereh et al. (2014) Land cover, land use, location of roads, transmission lines, topography, and accessibility to the grid
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Table 2. Farmland classification and availability of agrivoltaics installation.

Farmland classification Installed after farmland conversion Installation without farm land conversion
Agricultural promotion area
Agricultural promotion zone (absolute farmland) Impossible Only salt reclamation is possible (temporary use permit up to 20 years)
Agricultural protection zone Possible Permission to use Japanese books up to 8 years
Outside agricultural promotion area Possible Impossible

Methodology
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Fig. 2. AHP (analytic hierarchy process) analysis structure diagram.

Table 3. Status of expert survey respondent.

Survey respondent Related expert Academia
Number of responses (ratio) 14 (0.46) 16 (0.54)
Sum 30
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Table 4. Evaluation indicators and scoring plan for selecting suitable sites for agrivoltaics facilities.

Evaluation Grading and Scoring Scheme
Rate Istgrade 2nd grade 3rd grade 4th grade 5th grade
Indicators ~ Unit Standard 5 scale 10 8 6 4 2
2 scale 10 - - - 2
Geographical Shading Meter (m) Natural breaks >95 67-95 47-67 24-47 24>
factors Slope Percentage (%) Reclassify <9 9-27 27-37 37-47 47<
Direction Defense Reclassify Flat, south Southeast, southwest East, west Northeast, northwest North
Climatic Average temperature Celsius (°C) Geometry >126 124-126 12.1-124 119-12.1 119>
factors Solar radiation WH/m' Natural breaks  >1,335209.7 1,275355.0-1,335209.7 12188258-1,2753550  1,129,043.8-1,218 8258 1,129,043.8>
Hours of sunshine  Time (hours) Geometry >23492 2294.1-2,3492 22283-2294.1 2,1494-22283 2,1494>
Wind speed Initial speed (m/s) ~ Geometry <152 1.52-1.68 1.68-192 192-230 230<
Socialand ~ Distance formroad ~ Meter (m) Reclassify >400 300-400 200-300 100-200 100>
institutional  Djstance form Meter (m) Reclassify >400 300-400 200-300 100-200 100>
factors residential
Farmland Farmland Reclassify ~ Agricultural < - > Agricultural
classification classification promotion zone protection

zone
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Table 5. Average annual climate values by observation point in Chungnam Province.

Place name Average temperature (°C)  Precipitation (mm)  Sunshine hours (hours) ~ Average wind speed (m/sec)  Latitude (Y)  Hardness (X)
Sesan 12.3 1,156.5 23952 2.1 36.77658 126.4939
Cheonan 123 1,178.8 2,283.1 1.7 36.76217 127.2928
Boryeong 129 1,135.4 2,2259 1.7 3632724 126.5574
Buyeo 12.6 1,310.5 2,125.5 13 36.27242 126.9208
Geumsan 12.0 1,267.0 2,083.5 12 36.10563 127.4818
Hongbuk 12.0 1,229.6 - 19 36.62774 126.6451
Gongju 12.5 1,1974 - 12 36.48284 127.1365
Seocheon 12.7 1,236.9 - 1.7 36.06248 126.7041
Nonsan 12.7 1,221.1 - 1.8 3621164 127.1082
Dangjin 12.1 1,063.1 - 1.6 36.88936 126.6174
Cheongyang 113 1,310.8 - 0.9 3642371 126.7791
Taean 12.7 1,130.3 - 2.0 36.75851 126.2964
Yesan 12.6 1,136.0 - 2.0 36.74213 126.8144
Asan 12.6 1,083.9 - 23 36.84578 126.8654
Gyeryong 113 1,383.1 - 12 3631320 127.2407
Average 12.31 1,202.69 2,222.64 1.64 - -
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Fig. 4. Overlay analysis results of agrivoltaics site candidates: Overlay analysis results.

GIS analysis of agricultural solar power candidate areas applying exclusion areas
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Fig. 5. Overlay analysis results of agrivoltaics site candidates: Excluding excluded areas.
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Conclusion

£ AT = Gud BT A Al Tsof & 2 91S AAs A, SEAIY W B8 B A7 P A
ket 2192 GIS 7|]& ol-&sto] AR THAIG Al 5 Bld YA TEA] A2 Z 367 = A
= O H(Fig. 6), ©] T A, T2 5= A5t @FIAE Bl F5F HlFE A7 7S A9 S ALl F
O 24 F 600 7] A o] F5 G YA TEAE AT A H JA] FHRA| = tiE S & 4]
Aof| YJA|5taL U= Zo] EHoltt. o] & A o] 7| =Hol| 2T Aeteld, S AYakaiA] 23 Aol 4=

71 S8 A0 E ekt FEe] EE 292 thA| 4 o= Abx] 7 )5l AA] A7gof| AL alof & ﬂ%‘ﬂ 7]
2 QRloj|A B2 H4E At 5 g g Aol St 2| o2 AAEJTete sig A1 o f2o]

Ho oot} sHET M= 5UXETYoNA 5185 EX0o] 8389 ¢ 5 45 o] B8
o] A, sd] oS 75| ol ok Al A3 9lRto] 6 8-H ot wetA B, EReoheA
8 Aldo|U 51 g o 7iAE g Al o] e 97t The EA

B BlUY Tdsto] E37Hs of B, A d SH, AAd SH, A= SH, 11
Elojof gt} Hg7hs ol SHoA sAX ST Ale] W o] AA FA1E Jre{stH
S Ek. 2= 22671 7| ZAA A % gk o]do] -2 =& 8] o] AA 2] 114300 m - 1 km)
G UAIHA A1 Foll 1o, i"”% 5 AR YA E7HS S A S AlQ)etH AA7hs
B 235} A3 o|Ch(Shin et al., 2021). EfYL AWOI T 2ol FEf 0 2 HE] 500 m 0| A4 A E F A T
A A3}, thA H A2 20.28%011 41 0.09%Z Jiaﬁt}(SFoc, 2020).

e SHoA BHRE FAl= 71/ A4 28 50 =2 W2 ofyH, EF e 52 7ho| =2kl
ojuf A Adx)7]% v o & i 7Hssieh e EAo st 21911, AR} ol thafAl= o] s
GARRE 28 o] F2 Ho|H, EF e W 5AE Qo 5 ASAHA] AT AT v o R P S &
B34 Q= A0 = WekSHTk(Shin et al,, 2021).
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Fig. 6. Distribution of agrivoltaics site candidates in Chungnam Province.
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Supplementary Table 1. First-level reference matrix and standard matrix.

Factor Reference matrix Factor Standard matrix

Geographical Climatic Social and institutional Geographical Climatic Social and institutional
Geographical 1.000 1.484 0.935 Geographical 0.365 0.409 0333
Climatic 0.674 1.000 0.874 Climatic 0.246 0.276 0311
Social and institutional 1.069 1.144 1.000 Social and institutional 0.390 0315 0356

Supplementary Table 2. Second-level (geographical factors) reference matrix and standard matrix.

Factor Reference matrix Factor Standard matrix

Slope Shading Direction Slope Shading Direction
Slope 1.000 1.484 0.935 Slope 0.365 0.409 0.333
Shading 0.674 1.000 0.874 Shading 0.246 0.276 0.311
Direction 1.069 1.144 1.000 Direction 0.390 0.315 0.356

Supplementary Table 3. Second-level (climatic factors) reference matrix and standard matrix.

Reference matrix Standard matrix

Factor Average Solar Hours of Wind Factor Average Solar Hours of Wind

Temperature  radiation sunshine speed Temperature  radiation sunshine speed
Average Average
Tem pfrature 1.000 0.244 0.207 2239 Tempegrature 0.096 0.081 0.103 0.156
Solar radiation 4.094 1.000 0.627 5.243 Solar radiation 0.395 0.330 0.313 0.365
Hours of sunshine 4.834 1.596 1.000 5.887 Hours of sunshine 0.466 0.527 0.499 0410
Wind speed 0447 0.191 0.170 1.000 Wind speed 0.043 0.063 0.085 0.070

Supplementary Table 4. Second-level (social and institutional factors) reference matrix and standard matrix.

Reference matrix Standard matrix

Factor Distance from Distance from Farmland Factor Distance from Distance from Farmland

road residential classification road residential classification
Distance from 1.000 0455 0.566 Distance from 0.197 0.161 0236
road road
Distance from 2198 1.000 0.730 Distance from 0433 0354 0323
residential residential
Famland 1.876 1370 1.000 Famland 0370 0485 0442
classification classification

Supplementary Table 5. Reliability index for each factors.

Factors A-max CI C.Ratio
Location conditions 3.012 0.00595 0.01026
Geographical factors 3.001 0.00067 0.00115
Climatic factors 4.057 0.01900 0.02111
Social and institutional factors 3.025 0.01249 0.02153

ClI, consistency index; C.Ratio, consistency ratio.
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Supplementary Table 6. Importance within factors.

Factors Detail factors Importance (%) Ranking within factors

Location conditions Geographical factors 0.369 1
Climatic factors 0.278 3
Social and institutional factors 0.354 2

Geographical factors Slope 0.245 2
Shading 0.237 3
Direction 0.517 1

Climatic factors Average temperature 0.109 3
Solar radiation 0.351 2
Hours of sunshine 0475 1
Wind speed 0.065 4

Social and in stitutional factors Distance from road 0.198 3
Distance from residential 0.370 2
Farmland classification 0432 1

Supplementary Table 7. Importance and ranking of each factors.

Ranking within factors Detail factors Importance (%)

1 Direction 0.191

2 Farmland classification 0.153

3 Hours of sunshine 0.132

4 Distance from residential 0.131

5 Solar radiation 0.097

6 Slope 0.091

7 Shading 0.087

8 Distance from road 0.070

9 Average temperature 0.030

10 Wind speed 0.018
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