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ABSTRACT The share of agrophotovoltaics in the “renewable energy 3020, which is the Korean government policy for revitalizing
new and renewable energy, is increasing gradually. In this study, the distribution of solar radiation received by crops growing on
virtual farmland under a range of conditions, such as module height, module angle, shading ratio, and module type, was quantified and
analyzed using an Ecotect program, which allows insolation analysis during the period from spring to fall. As the module angle
increases, transmissive modules increase the amount of solar radiation delivered to the lower farmland. In addition, the difference
between 3x12 Cell Type and 4x9 Cells Type, which are types of photovoltaic modules used in practice, was found to be small. The
analysis results can be used as a design standard for the future establishment of agrophotovoltaic systems.
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Step Directions
1 Start Meteonorm

2 Click the Site button

3 Next click the WMO/OMM button and select the continent. (WMO usually means there's a
weather station recording hourly data_)

4 In the search site box, enter the first one or two characters of the desired location name and a

and click on the >> button.

5 Select the site (if available) from the list and click OK. If there isn't a WMO site available, go to
step A

6 If the location is there, click on the name and Meteonorm will give any warnings about the data
‘Write down the warnings (in a text file) and note that you used WMO), Station or City data, and
the version of Meteonorm used

7 Click the Format button, select TMY2, and click OK.

8 Click the Hourly Values button, then click the Save button and gave the TMY2 a name when
prompted. (Use the 1ISO 3-letter country abbreviation followed by the city and the format. For
example, for Kathmandu, Nepal, this would be: NPL_Kathmandu_MN5.tm2)

9 Convert to EPW using the EnergyPlus WeatherConverter.

10 Post a .ZIP on the EnergyPlus_Support YahooGroup under Files/Meteonorm_Weather_files.
The ZIP should include the EPW, DDY, STAT, and the warnings text file you created (give it
a INFO extension). Save the TMY2 source and the AUDIT in a separate ZIP but do not post
it to the YahooGroup.

Fig. 2. Convert Meteonorm to EPW data”



Fig. 3. EPW data conversion Ecotect screen

Table 1. EPW data detail element™™

Input parameter Unit
1 Year -
2 Month -
3 Day _
4 hour -
5 Minute -
6 Data source
7 Dry bulb temperature T
8 Dew point temperature ¢
9 Relative humidity %
10 Atmospheric pressure Pa
1 Extraterrestrial horizontal radiation Wh/m”
12 Extraterrestrial direct normal radiation Wh/m”
13 | Horizontal infrared radiation intensity from sky Wh/m2
14 Global horizontal radiation Wh/m’
15 Direct normal radiation Wh/m”
16 Diffuse horizontal radiation Wh/m’
17 Global horizontal illuminance lux
18 Direct normal illuminance lux
19 Diffuse horizontal illuminance lux
20 Zenith illuminance lux
21 Wind Direction degrees
22 Wind speed m/s
23 Total sky cover tenths
24 Opaque sky cover tenths
25 Visibility km
26 Ceiling height m
27 Present weather observation -
28 Present weather codes -
29 Precipitable water mm
30 Aerosol optical depth thousandths
31 Snow depth cm
32 Day since last snow -
33 Albedo -
34 Liquid precipitation depth mm
35 Liquid precipitation quantity hour
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Fig. 5. 4 x 9 cell type module
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Fig. 6. Solar radiation analysis section
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Fig. 7. Analysis of solar radiation by different shading ratio
and height

-» Shading Ratio 20% (0.75%27 / 100 & 20) -> shading Ratio 20% (0.75*27 / 100  20)
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Table 2. Analysis of solar radiation by different shading
ratio and height (30°)
(Unit : kKWh/m’)

Shading ratio | Shading ratio | Shading ratio
10% 15% 20%
Spring 410.7 390.3 376.0
2 m | Summer 403.4 384.8 371.7
Fall 280.0 264.3 255.7
Spring 415.0 397.0 385.8
3 m | Summer 406.8 390.6 380.1
Fall 282.5 271.0 265.8
Spring 417.9 402.2 393.5
4 m | Summer 410.1 395.8 385.9
Fall 285.2 276.9 272.6
Spring 4212 4081 4011
5 m | Summer 413.2 400.5 392.9
Fall 289.2 282."7 278.7

Table 3. Analysis of solar radiation by different shading
ratio and height (90°)
(Unit : kWh/m?)

Shading ratio | Shading ratio | Shading ratio
10% 15% 20%
Spring 430.6 4191 408.5
2 m | Summer 4243 415.8 407.8
Fall 290.8 280.1 271.5
Spring 432.3 422.8 413.5
3 m | Summer 426.1 4192 412 4
Fall 2919 283.4 277.9
Spring 436.6 429.5 4231
4 m | Summer 426.5 4199 413.6
Fall 294.8 288.9 285.7
Spring 437.8 432.2 4281
5 m | Summer 4299 4257 421.3
Fall 297.7 293.6 291.5
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Table 5. Analysis of solar radiation by general and transparent

modules
(Unit : kWh/m”)
General Transparent Error (%)
Spring 327.3 367.7 12.3
Summer 268.3 309.8 15.4
Fall 212.0 235.1 10.8
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Fig. 9. Analysis of solar radiation by general and transparent
modules
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