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Development of Simple Pyranometer using PV Array
for Solar Irradiance Measurement in Greenhouse
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Abstract

Solar irradiance measurement in greenhouse is important for automatic control of the greenhouse condition.

However, in the greenhouse, partial shadow is caused due to structures of the greenhouse. If a partial shadow was on

a conventional thermopile-type pyranometer (TP pyranometer), an actual change of irradiance could not be measured.

We proposed to apply PV array for pyranometer, since short circuit current of PV array consists of series PV cells

and bypass diodes was not changed by partial shadow. A prototype of PV-array-type simple pyranometer (PV array

pyranometer) was produced, and its measurement characteristics were evaluated by field test with the TP

pyranometer in outdoors and greenhouse. Output voltage of the PV array pyranometer varied linearly with irradiance

measured by the TP pyranometer. In case of the partial shadow on the PV array pyranometer and the TP

pyranometer; output of the TP pyranometer was changed by the shadow, output of the PV array pyranometer was not

changed by the shadow.
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Fig.1 Inside of typical greenhouse consists of various kinds of
structures which cause many partly shadows.
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Fig.2 Structure of PV array.
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Fig.3 -V characteristic curves of the PV array consist of two

series PV strings which each have a bypass diode.
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Fig.4 Prototype circuit of PV array pyranometer.
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Fig.5 Prototype of PV array pyranometer.
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Table 1
Characteristics of PV array and TP pyranometers
PV array TP
Sensor PV cells Thermopile
Response time 3 us 17 5 (95%)
Area of sensor 620 e’ 3 cm?
Price ¥10,000 or less ¥80,000 or more

Global irradiance

PV array pyranometer

Global irradiance

TP pyranometer

Direct irradiance

Pyrheliometer

Wind speed
Anemometer & | Wind direction
anemoscope

Temperature
Thermometer & | Humidity
hygrometer

Atmospheric
pressure

Barometer |

vy v ¥ v 9

Data logger

v

PC

Fig.6 General weather measurement system in Toyohashi

University of Technology.
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Fig.7 Time series irradiance and output voltage measured

with the TP and the PV array pyranometers, respectively.
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Fig.8 Relation between irradiance measured with the TP

pyranometer and output voltage of the PV array pyranometer.
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Fig.9 Observation system of shadow influence on the PV

array and the TP pyranometers.
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Fig.10 Change of outputs of the PV array and the TP pyranometers when they were shaded.
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