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Abstract: The Internet of Things (IoT) is an emerging technology that provides inter-device connectivity and is 

widely used in today's world. Maintaining battery life is one of the challenges of the technology mentioned and solar 

energy appears to be the solution. Solar energy is the conversion of energy from the sun to electricity, either directly 

with photovoltaic (PV), indirectly with concentrated solar energy, or a combination of both. In order to get the best 

out of photovoltaic energy, the development focus on improving the efficiency of the solar panels used. The 

variation in the intensity of sunlight contributes to a significant reduction in efficiency. The study aims to investigate 

the effect of light intensity and temperature parameters on the photovoltaic energy harvest. In this study, the light 

intensity was measured with a light-dependent resistance (LDR) sensor module. The analog output of the LDR 

sensor module was converted by the microcontroller to the digital output and computed using the voltage-resistance-

intensity equation for the luminous intensity in lux. The solar efficiency towards the temperature was calculated 

based on the temperature coefficient of the solar panel used to identify the maximum output power. The solar panel 

efficiency graph providing insights into the maximum power that can be generated at a particular temperature. The 

study proves that the light intensity and temperature parameters make photovoltaic energy harvesting more efficient. 
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INTRODUCTION 

 

The focus on digital transformation has encouraged 

more companies to adopt the invention of the Internet 

of Things (IoT). At the 2016 World Economic Forum in 

Davos, Switzerland, the IoT was to be the fourth 

industrial revolution that would lead to a new age of 

machines. The IoT is expected to allow for complete 

digitization of business processes, unprecedented 

operational efficiencies and disruptive business model 

innovation [1]. 

 IoT deployment is increasingly diversified, from 

consumer-based applications to mission-critical 

applications. Consumer applications referring to 

intelligent household appliances and wearables. 

Mission-critical applications range from public safety, 

industrial automation, autonomous vehicles and the 

Internet of Medical Objects (IoMT) to emergency 

response. As these mission-critical applications gain 

popularity, engineers and designers must consider 

important design and test considerations and 

compromise initial design and manufacturing results 

[3]. The five main design challenges of the IoT were 

simplified as "5C": Connectivity, Continuity, 

Compliance, Coexistence and Cybersecurity [4]. 

 Conquering 5C's technical challenges ensures 

success for the IoT. An extensive understanding of 

these issues will provide a solid foundation for the 

implementation and deployment of the IoT system. 

Proper design and validation will ensure delivery of the 

IoT. Among the 5C, securing and extending the battery 

life is one of the most crucial challenges for IoT devices 

[5]. IoT opens the door to a variety of possibilities by 

facilitating a sustainable solution to access clean 

energy. In parallel, the challenges: energy management, 

sensing, security, complex design and wireless 

communication [6] needs to be monitored. For seamless 

integration of devices using the internet into the IoT, 

energy consumption should be carefully monitored and 

predicted on an ongoing basis. 

 

LITERATURE REVIEW 

 

Solar systems are regarded as a key tool in providing 

energy for current and future generations. A solar cell 

or photovoltaic cell is a device that transforms solar 

light into useable energy. The quantity of solar light 
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that can be converted into electricity is called solar 

panel efficiency. Certain factors must be taken into 

account to ensure the maximum efficiency of solar 

panels.  

 

Solar Photovoltaic (PV) 

 

The principle of converting solar light into electricity, 

referred to as photovoltaic (PV) conversion. Solar 

energy generation relies on the intensity of the solar 

rays on the solar panel and the wavelength. A photon is 

characterized by either a wavelength, denoted by λ or 

equivalently an energy, denoted by E. The relation 

between the photon energy (E) and the wavelength of 

light (λ) given in Equation (1). The challenge of solar 

energy is to maximize the wavelength of solar rays and 

minimize the temperature effect on the panel [8]. 

 

                                                                 (1) 

where:  h (Planck’s constant) = 6.626*10-34 joules  

       c (speed of light) = 2.998*108m/s 

  

 The PV cell of the solar panel consists of two types 

of semiconductors charged with different impurities. 

This leads to an uneven distribution of free electrons (n-

type) on one side of the junction and an excess of holes 

(p-type) on the other side of the junction. The silicon 

atoms of a photovoltaic cell absorb energy from light 

wavelengths that roughly correspond to the visible 

spectrum. Both different impurities in silicon produce 

positive and negative loads. Light moves the electrons 

and produces a current. Material containing different 

impurities charges at different wavelengths. The PV 

cell does not completely convert the entire light to 

electrical charge, even if it is at the correct wavelength. 

Part of the energy becomes heat and part is reflected 

back on the surface of the cell. 

 The spectral response is the ratio of the current 

generated by the solar cell to the electrical event on the 

solar cell. Figure 1 illustrates a solar cell's spectral 

response to glass-covered silicon. At short wavelengths 

of less than 400nm, glass absorbs most of the light, but 

the cell response is very low. At intermediate 

wavelengths, the cell comes close to the ideal, but at 

long wavelengths, the response reverts back to zero.  

The ideal spectral response is restricted to long 

wavelengths by the incapacity of the semiconductor to 

absorb the photon with energies below the band 

interval. Any energy higher than the band interval is not 

used by the solar cell and goes instead to heat the solar 

cell. The inability to use high energies and the inability 

to absorb low light energies demonstrated a significant 

power loss within a single p-n junction solar cell [9]. 

 

 
Figure 1: Spectral response of a silicon solar cell under glass [9] 

 

Effect of Temperature on PV Performance 

 

Under the rules of thermodynamics, heat limits any 

electronic capacity to produce energy [10]. The rise in 

temperature decreases the ability of the solar 

photovoltaic module to produce electricity. Percentage 

drop in production for each 1 degree Celsius (°C) rise 

in temperature from 25°C. Most solar panels have a 

temperature coefficient in the range of -0.3%/°C 

through -0.5%/°C. In general, solar panels using 

monocrystalline and polycrystalline solar cells will 

have a temperature coefficient between -0.44% and -

0.50% [11];[12]. 

 Knowing the temperature of a photovoltaic solar 

panel is important in predicting its output power. It is 

also important to know the material of the PV panels, as 

the efficiency of the various materials varies according 

to the temperature. Therefore, a photovoltaic system 

should be designed not only according to the maximum, 

minimum and average environmental temperatures in 
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each place. As well as understanding the materials used 

in the PV panel.  

 

Light Intensity 

 

Illuminance is the measurement used to measure the 

light intensity in a space, while lumens (lm) are the unit 

of measurement. Illuminance is the amount of light 

(lumens) falling on a surface (on a given square foot or 

square meter) measured in footcandles or lux. 

Therefore, light intensity is measured in terms of 

lumens per square foot (footcandles) or lumens per 

square meter (lux). Measuring the amount of light that 

falls on a surface is a measure of whether there is 

enough light to perform a variety of visual tasks. The 

higher the lumen output, the brighter or higher intensity 

the light source. The lower the lumen output, the less 

bright or lower intensity the light source [13].  

 With a light source of 1,000 lumens. If all these 

1,000 lumens are spread over an area of 1 square meter, 

there will be an illumination of 1,000 lux. If the lumens 

spread over 10 square meters the illumination or lux 

would diminish to a less intense and grader 100 lux. 

Equation (2) shows the computation of the illumination. 

Table 1 presents examples of light levels common to 

the natural light source released by the Illuminating 

Engineers Society of North America (IESNA). 

 

             (2) 

 

Table 1: Common light levels published by IESNA [14]

 

Condition 
Light Level 

Footcandles Lux 

Bright Summer Day ~10,000 100,000 

Full Daylight ~1,000 10,000 

Overcast Day ~100 1,000 

Traditional Office Lighting 30-50 300-500 

Common Stairway 5-10 50-100 

Twilight 1 10 

Full Moon <0.1 <1 

 

 

METHODOLOGY 

 

The session covers the components, solar panels and 

the LDR sensor module used for the study to improve 

the photovoltaic energy harvest of the solar-powered 

IoT device. 

 

Solar Cell 

 

The basic measurement of solar panel power generation 

is calculated by testing the panels under average 

conditions, known as standard test conditions (STC). 

The STC measures the power output from the solar 

panel using common light, orientation and temperature 

conditions of the panel. At the STC, the power per 

square meter (W/m2) is 1000 W/m2. This is the standard 

used to determine how many watts of power are 

produced in one square meter on earth.  

 The efficiency of solar panels is another factor that 

influences the amount of energy that a specific panel 

will produce. Panel efficiency refers to the panel's 

ability to convert sunlight into useable energy. In a 

panel with 20% efficiency, 20% of all incoming light 

will be converted into electricity. A panel with greater 

efficiency will convert more sunlight to energy. Most of 

the solar panels have an efficiency of about 15-18%. 

Equation (3) gives the calculation of the solar cell 

efficiency [15].  

 However, the actual conditions are usually 

different from those of the STC, so a typical panel 

seldom produces its maximum predicted output. Solar 

panel temperature is seldom constant at 25°C (the 

temperature used to determine STC indices). Most solar 

panels have a temperature of 20°C greater than room 

temperature. This means that if the outside temperature 

is 20°C, the solar panel temperature is likely about 

40°C [15]. 

                                                (3) 

Where : Pmax  = Maximum Power Output (in W) 

   E  = incident radiation flux (in W/m2) 

            (*at STC =1000 W/m2) 

   Ac  = Area of Collector (in m2) 
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LDR Sensor Module 

 

A LDR or light-dependent resistance is also known as 

photoresistor, photocell and photoconductor. It is a type 

of resistance that varies with the amount of light falling 

on its surface. This is a passive component which 

reduces the resistance to the reception brightness (light) 

on the sensitive surface of the component.  

 An analogue output of 5V was generated from the 

LDR sensor module. The analog output of the LDR 

sensor module was converted by the microcontroller to 

digital output. As the light intensity is measured in 

lumens per square foot (footcandles) or lumens per 

square meter (lux), the voltage-resistance-intensity 

formula was used to obtain the light intensity in lux. 

Table 2 [16] shows the simulated light intensity (LDR 

lux) data in relation to the digital output (LDR 

intensity) and analog output (output voltage, V). The 

voltage-resistance-intensity equation was formulated 

using the aforementioned simulated data.  

 

Table 2: LDR simulation result [16]

 

LDR Intensity Output Voltage (V) LDR (Lux) 

11 0.0538 0.1 

372 1.8174 10.1 

520 2.5379 20.1 

607 2.9655 30.1 

667 3.2545 40.1 

 

 

RESULT AND DISCUSSION 

 

The session covers the formation of the voltage-

resistance-intensity equation for the calculation of light 

intensity in lux. Furthermore, the efficiency of the solar 

panels of the various monocrystalline and 

polycrystalline solar cells used was discussed in 

relation to the effect of temperature on PV 

performance.     

 

Voltage-Resistance-Intensity Equation 

 

The voltage-resistance-intensity equation is intended to 

calculate the light intensity in lux. Lux is the SI-derived 

illuminator unit, which measures the luminous flux per 

unit area. This is an equivalent of one lumen per square 

meter.  

 Figure 2 shows the linear regression analysis of 

the output of the analog-to-digital converter (ADC) at a 

resolution of 10-bits. With the operating voltage of 5V, 

the LDR sensor module shows a linear regression of its 

analog output in relation to the digital light intensity. 

The dependent and independent variables exhibit a 

positive relationship with a regression factor of 204.87 

and an acceptable constant near -0.1168 V. The analysis 

aims to forecast the analog output to obtain a more 

significant measurement of light in lux.   

 The voltage-resistance-intensity equation was 

formed using the trend line with forecast periods of 2.0 

applied to the analog output graph relative to the light 

intensity (Figure 3). The trend line is designed to 

achieve the dominant direction of light intensity at the 

maximum 5V analog output. Exponential regression 

indicates the best adjustment of the trend line on the 

analog output to the light intensity in lux. According to 

the graph, the maximum light intensity that can be 

measured with this 5V LDR sensor module is about 

1699 lux.     
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Figure 2: Linear regression of voltage (LDR analog output) and light intensity (LDR digital output) 

 
 

Figure 3: Voltage-resistance-intensity equation based on the voltage (LDR analog output) and LDR in lux  

 

Solar Panel Efficiency 
 

Table 3 outlines the solar cell specification for the 

selected panels. Two main types of solar panels were 

used in this study, monocrystalline and polycrystalline. 

The solar panels used have an average maximum output 

of 5 watts. The efficiency (%) of the chosen solar panel 

was computed using equation (2). Solar panels were 

studied on the basis of their efficiency based on the 

temperature coefficient with the rise in temperature. 

The solar panel efficiency is important to determine the 

performance of the panel. 
 

Temperature Coefficient 
 

Solar panels undergo maximum power testing at an 

industry standard temperature of 25°C. Typically, solar 

panels will begin to generate less energy when the 

temperature exceeds 25°C. The "temperature 

coefficient" refers to the percentage of output power 

that is lost by a specific solar panel as the temperature 

rises above 25°C. According to research studies [11, 

12], monocrystalline and polycrystalline solar cells 

have a temperature coefficient ranging from -0.44% to -

0.50%. Assume that the selected solar panel has a 

minimum temperature coefficient of -0.44%. The 

performance of the solar panels was estimated in 

correlation with the calculated efficiency (%) of solar 

cell in Table 3 and the outcome was illustrated in 

Figure 4.  

 With a similar panel size (Type A & B), the 

monocrystalline solar cell has a better efficiency 

compared to the polycrystalline solar cell. As solar 

panels increased in size (Type B, Type C and Type D), 

solar efficiency gradually diminished. Research [15] 

shows that most solar panels have a temperature 20°C 

higher than the ambient temperature. This means that if 

the outdoor temperature is 20°C, the temperature of the 

solar panel is probably around 40°C. Assuming that the 

outside temperature is 32°C, the solar panel 

temperature is likely to be approximately 52°C. In this 

case, Type C and Type D solar cells are difficult to 

operate. Types A and B may still function, but with 

very low energy output.  At 62°C, none of the solar 

panels on offer are suitable for use.  
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Table 3:  Solar cell specification

 

Type Solar Panel Type/Material 
Maximum 

power (W) 

Working 

voltage (V) 

Size 

(cm) 

Efficiency 

(%) 

A Polycrystalline silicon Epoxy 5.2 12 21*16.5 15.0 

B Monocrystalline silicon Epoxy Laminated 5.3 6 15.5*21 16.3 

C Monocrystalline 5.0 12 26*16.5 11.7 

D Monocrystalline 5.0 12 29*17.5 9.9 

 

 

 
 

Figure 4: Solar panel efficiency with the increment of temperature 

CONCLUSION 

 

The LDR sensor module may be used for measuring 

light intensity with a maximum of 1699 lux. This shows 

the limitation of the sensor used whereas the maximum 

lux may reach 100000 lux during a summer day. The 

study found that the monocrystalline solar cell is more 

effective than the polycrystalline solar cell. Moreover, 

the increase in the size of solar cells does not promise 

better efficiency of solar panels than if the increase in 

maximum power produced. It indicates the rise in 

voltage and ampere on the solar panel. Lowering the 

temperature of the solar cell might be another solution 

to increase the efficiency of the solar cell. These 

findings permit a more precise selection of solar panels 

in youth development based on the correlation between 

light intensity and temperature towards PV 

performance. This study will be continued and 

practically carried out to obtain experimental data with 

a view to further verification and justification.  
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