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Abstract

This study entailed computational simulations and empirical measurements on solar radiation
changes in farmland owing to shade generated from the lower part of an independent pillar-type
agrophotovoltaic system structure with improved performance and economic feasibility. The
computational simulation and empirical results show a relatively low average solar radiation
incident ratio at positions 3 — 7. In particular, at position 5, the average solar radiation incident
ratio exhibits the lowest value, as indicated by the computer simulation and demonstration
results. Consequently, three types of improved models were devised to improve the long-term
shading area at positions 3 — 7. The average solar radiation incident ratio on the direct rear side
of the module in Model 1 is lower than that of the existing system, whereas that on the direct rear
side of Model 2 is 74.4%, which is the highest value. Furthermore, the corresponding value on
the direct rear side of the module in Model 3 is 70.0%, which was higher than that of the existing
system. Therefore, Models 2 and 3 demonstrate that the growth environment of crops could be
improved using an agrophotovoltaic system.

Keywords: =3 2|52 (Independent Pillar type), A]-&d|°]4(Simulation), ¥-5%& T
(Agrophotovoltaic), B2 B UAFF(Monthly cumulative average solar radiation), QA
% A} H]E(Solar radiation incident ratio), 7] &% %] %}(Long shading area)
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Fig. 1 Design of agrophotovoltaic system
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Table 1 Convert Meteonorm to EPW (Energy Plus Weather) data'"'?

Step Directions
1 Star MEteonorm
2 Click the Site Button

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

3

In the search site box, enter the first one or two characters of the desired location name and “*’
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.
If the location is there, click on the name and Meteonorm will give any warnings about the data.
6 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.
Click the Hourly Values button, then click the Save button and gave the TMY2 a name when prompted (Use the ISO
8 3-letter country abbreviation followed by the city and the format. For example, for Kathmandu, Nepal, this would
be: NPL_Kathmandu MNS5.tm2).
9  Convert to EPW using the EnergyPlus WeatherConverter.
Post a .ZIP on the EnergyPlus_Support YahooGroup under Files/Meteonorm Weather files. The .ZIP should

10 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 HYahooGroup.

(a) Schematic diagram (b) Shading analysis

Fig. 2 Schematic diagram and Shading analysis of agrophotovoltaic system
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Fig. 3 Photographic view of the installed agrophotovoltaic system
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Fig. 4 Installation location of sensors in test-bed and control group
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Table 2 Detailed specification of the solar radiation sensor

Item Accuracy and range

* Power supply range : 10 ~30 V DC (0 ~ 10 v type need DC 24 V power supply)
*Output : 4 ~20 mA/0 ~5V/0~ 10V

» Working humidity : 0% ~ 100%RH

» Working temperature : -40°C ~ 60°C

* Spectral range : 0.3 ~ 3 um

« Measuring range : 0 ~ 1800 W/m?

+ Resolution : 1 W/m®

* Response time : <10 s

* Nonlinear : <4+2%

* Annual stability : <4+2%

* Cosine response : <£10%

* Cable length : default is 60 cm (can be customized)

Solar radiation sensor
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Fig. 5 Simulation result of annual average solar radiation incident rate for the agrophotovoltaic system
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Table 3 Monthly cumulative average solar radiation and solar radiation incident rate of agrophotovoltaic system

Sensor Monthly cumulative average solar radiation (kWh/mz) Solar radiation incident ratio (%)

No.  August September October November — Ave. August  September October November  Ave.

1 453.79 399.49 388.38 352.45 398.53 69.6 52.8 54.7 66.6 60.9
2 - - - - - - - - - -

3 406.73 463.34 488.05 413.65 442.94 62.4 61.3 68.7 782 67.6
4 461.93 475.72 431.31 276.23 411.30 70.9 62.9 60.7 52.2 61.7
5 424 363.86 3235 291.73 350.77 65.0 48.1 45.5 55.1 53.5
6 376.04 392.37 492.02 424.5 421.23 57.7 51.9 69.2 80.2 64.8
7 508.88 526.13 467.37 271.27 443.41 78.1 69.6 65.8 513 66.2
8 516.58 469.26 433.28 298.6 429.43 79.2 62.1 61.0 56.4 64.7
9 454.87 378.94 368.32 29291 373.76 69.8 50.1 51.8 554 56.8

Control ~ 651.9 755.93 710.6 529.1 661.9 100.0 100.0 100.0 100.0 100.0

* No. 2 sensor acquisition value error occurred
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Fig. 6 Monthly cumulative average solar radiation incident rate for the position of solar radiation sensor (Simulation result/

Empirical measurement result)
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Fig. 7 Comparison of the empirical measurement and simulation results for solar radiation incident rate
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Fig. 8 Lower shading improvement model of the agrophotovoltaic system

Table 4 Analysis results for the solar radiation incident ratio of lower shading improvement model of agrophotovoltaic

system
1 year average Module direct rear side
Design Solar radiation incident ratio Deviation Solar radiation incident ratio
(%) (%) (%0)
Existing system (Continuity) 80.0 135 68.0
Model I 80.0 13.1 67.8
Model I 82.0 9.1 74.4
Model 111 80.8 124 70.0
528
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