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Abstract— Measurement of solar irradiance in-situ was very
scanty in this part the world most research estimate using
atmospheric weather parameter. In this work a low-cost
pyranometer using locally sourced materials was developed.
Instrument or device consists of photodiode (BPW34) housed
inside 40 with bulb that is perfectly seal, solar irradiance
sensor amplifier, 16-bit analog-to-digital converter
(ADS1115), arduino mega2560, and liquid crystal display
(LCD) and microSD card shield. The design amplifier has
offsetting voltage of 0.8676 mV. The sensitivity of solar
irradiance was amplifier 868.19 Wm2V-! with correct factor
27.77 Wm2, The output range of developed instrument is
between 0.1 mV to 1.4 V with maximum 1200 Wm2. The
possible error of the instrument is 9.67%. The result obtained
when compared SRS100 pyranometer is 0.89. The result
obtained from collected data shows that from 8.15 to 16.00,
local time, the response was very good with little difference
at early hour of day around up to 8.30 am and around 4.30 pm
downward.
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I. INTRODUCTION

Solar radiation data is of valuable importance at a location
requiring the assessment of solar energy potential for the
design of solar PV and thermal collector application systems,
Gagliano, et al., (2009). Most meteorological stations in
Nigeria do not have standard irradiance measuring
instruments and as such, the alternative is that some
predictive models for estimating global solar radiation across
varying climatic conditions in the country was commonly
employed. Thus, empirical models of estimating radiation
have been derived from other variables like temperature,
humidity, clearness index and sunshine hours, Fagbenle
(1983), Ogolo (2010), Ajayi et al., 2014, Akpabio et al.,
(2005), Okundamiya et al., 2016, Kolebaje and Mustapha,
2012, Okundamiya and Nzeako (2010).

Typical irradiance sensor in a pyranometer can
consist of either photoelectric or thermoelectric detectors.
Common photoelectric transducers are solid state devices
such as photodiodes (Michalsky, et. al., 1987; Medugu et al.,
2010; Martinez et. al., 2009, phototransistors (Okonkwo and
Onwualu, 2002), photovoltaic cells (Selcuk and Yellot,1962;
Orsetti, et al., 2016; Cruz-Colon et al., 2011 LEDs (Gagliano
et al., 2009) which convert photons of light to electrical
current while thermocouples may be a series or parallel
connection of thermocouples (thermopile) (Beaubien et al.,
1998) or a thermistor to measure and convert the radiant heat
to electrical signal.

Commercially available pyranometers are cost
prohibitive devices and in addition, importation costs make
them more expensive. Some designs favour glass dome,
while others prefer Teflon diffusers which eliminate to some
extent the cosine error (Michalsky et al., 1995.

In literature, there seems to be a preference for the
use of photodiodes as the sensor, Martinez, et al., 2009,
Medugu, et al., 2010. Attempts have been made by several
authors within the country to design and construct their
version of pyranaometers for their stations. Medugu et al.,
(2010) constructed one around a photodiode. In this work the
BPW34 photodiode was used as the irradiance sensing device
to generate an electrical signal that is proportional to the solar
irradiance. In essence, there is a necessity to develop a
reliable and durable pyranometer for the in-situ measurement
of reliable irradiance data that can meets international
standards.

Il. MATERIALS AND METHOD

A. Block Diagram of Instrument

The instrument consists of developed irradiance solar sensor,
irradiance amplifier, microcontroller, DS3232, microSD
shield and LCD. The block diagram is | Figure 1.
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Fig. 1: Block Diagram Solar Irradiance Instrument

B. Solar Irradiance Sensor Design

A BPW34 photodiode offered in a miniature flat plastic
package was configured as a solar irradiance sensor. It is a
low cost high photo sensitive diode with fast response time of
about 20 ns. The sensitivity of the cell is in the range of light
wavelengths from about 430 nm to 1100 nm, making it
suitable as a transducer for irradiance measurements. The
radiant sensitivity area is 7.5 mm?
(https://www.vishay.com/docs/81521/bpw34.pdf). It has a
better linear response and high bandwidth performance
within from near infra-red to low end ultraviolet radiation.
The BPW34 was perfectly placed inside 40 Watts
incandescent glass bulb, well washed and dried. A rubber
cork was used to seal it to prevent dust and moisture. Also,
desiccant jellies were placed inside the glass bulb to absorb
little moisture that may be present within the bulb. The
constructed sensor is as shown in Figure 2.
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Fig. 2: Developed Solar Irradiance Sensor

C. Solar Irradiance Sensor Amplifier

The solar irradiance sensor amplifier was designed
considering the bias voltage (Vrer) to prevent saturation at the
negative power supply rail when the input current is 0 A,
Using a LinCMOS operational amplifier (TLC272) with low
bias current to reduce DC errors and also, to set the output
range based on linear output swing. The amplifier was
connected as trans-impedance mode. The following
information was used for the amplifier for designing
amplifying stage. They are:
1) Input of photodiode range from 0.1 pA at dark to 1000
MA at maximum intensity;
2) Output voltage range of the amplifier is from 10 mV
(Vomin) 10 3.0 V (Vomax); and

3) The bandwidth (BW) is given as 4.24947x10 Hz.

Using the following design equations, all the
parameters were obtained for trans-impedance amplifier they
are:
The gain resistor given as

R, = VoM/;X—VoMin 1
imax

Selecting the feedback capacitor to meet the

bandwidth (BW (Hz))
1

1= 27R,BW 2
The bias network resistor can be calculated when the
using 0.1 V bias voltage is given as
RZ — Vee—Vrer R3 3
Vref

The capacitor across Rz is select to filter the Vi
voltage. All the components values calculated were on the
solar irradiance sensor amplifier circuit in Figure 3. The
output of amplifier circuit in Figure 3 is connected to
ADS1115, 16-bit analog-to-digital converter.

The ADS1115 is a precision, low power, and ease of
implementation. The ADS1115 features an onboard reference
and an oscillator. Data are transferred via Inter-Integrated
Circuit (1°C) compatible serial interface; four 1°C slave
addresses can be selected. The ADS1115 operate from a
single power supply ranging from 2.5 V to 55 V. The
ADS1115 can perform conversions at rates up to 860 samples
per second (SPS). An onboard Programmable Gain Amplifier
(PGA) is available on the ADS1115 that offers input ranges
from the supply to a level as low as +256mV, allowing both
large and small signals to be measured with high resolution.
The ADS1115 also features an input multiplexer (MUX) that
provides two differential or four single-ended inputs. The

ADS1115 operates either in continuous conversion mode or
a single-shot mode that automatically powers down after a
conversion and greatly reduces current consumption during
idle periods.
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Fig. 3: Solar Irradiance Sensor Amplifier

D. Data Logging System with Liquid Crystal Display

The data logger with display consists of arduino Mega 2560,
memory card shield, and DS3232 timer board and 4 lines 20
characters liquid crystal display. On arduino platform or
complier a C program is written for proper communication
and data acquisition. The output of each signal conditioning
are connected appropriately depend on serial communication
protocol requirement to communicate with arduino board and
internally process the signal for logging and display data.

I1l. CALIBRATION

Solar irradiance amplifier was experimentally examined by
connecting an attenuator network to drop the voltage to mV
with resistors as Figure 4. A linear pot 5 kQ was used to vary
the value from the maximum of the range selected. The result
obtained explained the performance of the amplifier shown
Figure 5. The amplifier has a very good linear response. The
empirical equation obtained shows that amplifier have an
inherent background voltage of 0.8978 mV. Solar irradiance
sensor developed was set up and place at open area without
obstruction alongside with SRS100 pyranometer. The two
sensors where data log the output response of developed
sensor in mV and SRS100 solar irradiance (Wm?) were
obtained. The relationship between the two sensors was plot
as Figure 6. An empirical equation on Figure 6 was obtained
to convert the voltage output of the developed pyranometer
to equivalent Watt (meter)2 (W/m?).
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Fig. 4: Attenuator Network
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Fig. 5: Experimental Examination of Solar Irradiance Sensor
Amplifier
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Fig. 6: The Standardization of the Developed Sensor with
SRS100

IV. RESULT AND DISCUSSION

Evaluation of the developed sensor and SRS100 was
examined by placing the two in the meteorological
observatory at Redeemer’s University, Ede, Nigeria. Plots
obtained from the data are shown in Figure 7, 8, 9 and 10. The
graphs showed the same trend and variation pattern with a
little difference that may be due to the response time of the
amplifier and its slew rate. Secondly, it may be due to time
delay of the microcontroller in processing the data. The
average correlation value is 0.89 and gives the good
relationship between the two sensors. From Figure 7, 8, 9 and
10, there is an indication that between 8 am in the morning
and 16:00, the result obtained compared very well but outside
this time there is clear difference in their values which may
be attributed their response to low light intensity from
environment where the instrument was installed.
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Fig. 7: Solar Variation on August 12, 2018
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Fig. 8: Solar Variation on August 13, 2018
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Fig. 9: Solar Variation on August 14, 2018
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Fig. 10: Solar Variation on August 15, 2018

V. CONCLUSION

The developed low —cost pyranometer has sensitivity of
868.19 Wm2V-! with correcting factor of 27.77 Wm was
obtained from standardization of Figure 5 using SRS100
pyranometer. Also, the output voltage of the amplifier range
from 0.1 mV to 4 V. The instrument was place in the
observatory after calibration for few days the result obtained
very good agreement with SRS100 except at early hour of day
around 7 to 8.30 am and around 5.30 pm downward. The
correlation is 0.89 with possible error of 9.67 %. The response
frequency of the sensor ranges from 400 nm to 1100 nm.

REFERENCES

[1] Ajayi, O. O., Ohijeagbon, O. D., Nwadialo, C. E., &
Olasope, O. (2014). New model to estimate daily
global solar radiation over Nigeria. Sustainable Energy
Technologies and Assessments, 5, 28-36.
https://doi.org/10.1016/j.seta.2013.11.001

All rights reserved by www.ijsrd.com 135



Development of a Low-Cost Pyrometer using Locally Sourced Materials
(IJSRD/Vol. 7/Issue 05/2019/034)

(2]

(3]

[4]

(5]

6]

[7]

(8]

[0l

Akpabio, L. E., Udo, S. O., & Etuk, S. E. (2005).
Modeling Global Solar Radiation for a Tropical
Location: Onne, Nigeria. 6.

Beaubien, D. J., Bisberg, A., & Beaubien, A. F. (1998).
Investigations in Pyranometer Design. Journal of
Atmospheric and Oceanic Technology, 15(3), 677-686.
https://doi.org/10.1175/1520-
0426(1998)015<0677:11IPD>2.0.CO;2

Cruz-Colon, J., Martinez-Mitjans, L., & Ortiz-Rivera, E.
I. (2012). Design of a low cost irradiance meter using a
photovoltaic panel. 2012 38th IEEE Photovoltaic
Specialists Conference, 002911-002912.
https://doi.org/10.1109/PVSC.2012.6318195

Fagbenle R.O (1983). Estimation of Total Solar
Radiation in Nigeria using Metrological Data.Paper
presented at the 3rdNational solar Energy Forum
(NASEF), Bidda.

Gagliano, S., Neri, D., Pitrone, N., Savalli, N., & Tina,
G. (2009). Low-cost solar Radiation ~ Sensing
Transducer for Photovoltaic Systems. 5(2), 7.
https://www.vishay.com/docs/81521/bpw34.pdf
Medugu, D, W., Burari, F, W., Abdulazeez, & A, A.
(2010). Construction of a reliable model pyranometer for
irradiance  measurements.  African  Journal  of
Biotechnology, 9(12), 1719-1725.
https://doi.org/10.5897/AJB10.030

Michalsky, J. J., Harrison, L. C., & BERrOaEISEa, W.
E. (1995). COSINE RESPONSE CHARACTERISTICS
OF SOME RADIOMETRIC AND PHOTOMETRIC
SENSORS. 6.

Michalsky, J. J., Perez, R., Stewart, R., LeBaron, B. A,
& Harrison, L. (1988). Design and development of
a rotating shadowband radiometer solar
radiation/daylight network. Solar Energy, 41(6),
577-581. https://doi.org/10.1016/0038-092X(88)90060-
6

[10] Ogolo, E. O. (2010). Evaluating the performance of some

predictive models for estimating global solar
radiation across varying climatic conditions in Nigeria.
11.

[11] Okundamiya, M. S., & Nzeako, A. N. (2011). Empirical

Model for Estimating Global Solar Radiation  on
Horizontal Surfaces for Selected Cities in the Six
Geopolitical Zones in Nigeria. Journal of Control
Science and Engineering, 1-7.
d0i:10.1155/2011/356405

All rights reserved by www.ijsrd.com 136


https://www.vishay.com/docs/81521/bpw34.pdf

