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ABSTRACT

Replacement of sensor nodes for monitoring a wide range area such as mountains and forests needs a lot of time
and cost. Using new and renewable energy around them can maximize the lifetime of wireless sensor networks, in
which solar energy is infinite energy source that is available in 365 days. To design these sensor networks, solar
energy model is essential and to estimate and analyze the overall photovoltaic energy. Using this, we can figure out
important data such as the size and performance of solar panel needed. However, existing researches for solar
energy harvesting consider parts of many factors to influence the quantity of solar energy gathered. In this paper,
we suggest advanced solar energy harvesting model considering angular loss (solar cell panel), overheat loss (solar
cell), rechargeable battery heat and cooling for each monthly properties. From our experimental results according to
outdoor temperature, panel angle and the surface temperature of solar panel, we show these impact factors are
correctly configured.

Keywords : Wireless Sensor Network, Solar cell, Energy harvesting, Energy Prediction
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Table 2. Average monthly solar radiation for Deagu
ROM) [m Wh/em?].

Month R(M) Month R(M)
January 7164.24 July 12563.26
February 8267.54 August 12330.76
March 11254.40 September 10624.70
April 13657.95 October 9902.50
May 15387.62 November 7041.47
June 13632.95 December 6488.98
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Fig. 1. Seasonal solar declination
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Table 3. Monthly computed angular loss and

tilt angle of solar panel

Month L (6) B, 0 a(M) a
January 35.87 | -20.1 | 34.03 | 55.97 | 0.80 0.7
February 35.87 | -11.2 | 4293 | 47.07 | 0.89 0.7

March 35.87 0 54.13 | 35.87 | 1.00 | 0.7
April 35.87 | 11.6 | 65.73 | 24.27 | 088 | 0.7
May 35.87 | 201 | 7423 | 1677 | 0.80 | 0.7
June 35.87 | 234 | 7723 | 1247 | 0.77 | 0.7
July 35.87 | 204 | 7453 | 1547 | 0.80 | 0.7

August 35.87 | 11.8 | 6593 | 24.07 | 0.88 | 0.7
September | 35.87 0 54.13 | 35.87 | 1.00 | 0.7
October 3587 | -11.8 | 4213 | 4767 | 088 | 0.7
November | 35.87 | -20.4 | 33.73 | 56.27 | 0.79 | 0.7
December | 35.87 | -23.4 | 30.73 | 59.27 | 0.77 | 0.7
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Table 4. Assumed energy loss due to temperature
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exceedance L(M).

Month L(VD[%] Month L(VD[%]
January 25 July 25
February 10 August 10
March 0 September 0
April 0 October 0
May 10 November 0
June 25 December 10
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Table 5. Solar powered wireless sensor node’s
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Table 6. Comparison of previous research Egu..(M) and

rlr

proposed research E’ (M)

parameters B Aok md | 71E AF(A) B (M)
t M(t) E’ sotar(M) Ecotar(M)
Description Symbol Value | Unit (mWh [mWh] [mWh] [mWh]
1. | Battery Capacity C 6549 | mWh 0 6549
2.| Panel Size A 1145 | cm® 1. | April(04) 6549 67739.09 4022966 | 25264.8
3.| Panel Efficiency €pancl 0.07 2. | May(05) 6549 6208152 4532443 | 26106.96
4. | Electrical loss Cel 0.7 3. | June(06) 6549 43942.16 40156.02 25264.8
5.| Duty cycle d 0.23 4. | July(07) 6549 42143.68 3700524 | 26106.96
Sleeping _node  power 5. | August(08) 6549 54991.17 3632041 | 26106.96
6. . . Pdteep 0.165 | mW 6. | September(09) 6549 50538.35 3129519 | 25264.8
dissipation 7. | October(10) 6549 | 4893547 2916794 | 26106.96
7 Maximum  node power Pronning 1485 | mW 8. | November(11) 6549 31399.5 20740.74 25264.3
dissipation 9. | December(12) 5482 25039.96 1909864 | 26106.96
Average node power 10. | January(1) 3462 24086.83 21102.36 26106.96
8. dissipation Prode 2672 | mW 11. | February(02) 6549 | 37070.92 2435214 | 2358048
9.1 Starting month — 7 12.| March(03) 6549 63142.81 3314998 | 26106.96
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Fig. 3. Change of the voltage depends on the weather.
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Fig. 2. Change of the voltage depends on the angle.
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of the voltage depends on the surface
temperature on the solar panel.
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