
Irradiance and Temperature effects on solar PV electric power output 

1. Summary 
This review is based on important key issues affecting Solar photovoltaic (PV) cells electric 

power output. The effects of important parameters such as solar irradiance, temperature, 

latitude and altitude which have impacts on the electric power output of a PV cell are discussed. 

It is hoped that this will help people to understand the principles of photovoltaic devices and 

system operation. By gradually increasing the number of people who are familiar with 

photovoltaic concepts and applications, we hope to increase the use of photovoltaics in 

appropriate applications. 
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2. Background 
Ninety-three million miles from Earth, the sun is 333,000 times the size of our planet. It has a 

diameter of 865,000 miles, a surface temperature of 5,600°C and a core temperature of 

15,000,000°C. It is a huge mass of constant nuclear activity. Directly or indirectly, the sun 

provides all the power we need to exist and supports all life forms. The sun drives our climate 

and our weather. Without it, our world would be a frozen wasteland of ice covered rock 

(Boxwell, 2012). 

By 2050 the demand for energy could double or even triple as the global population grows and 

developing countries expand their economies. All life on Earth depends on energy and the 

cycling of carbon. Energy is essential for economic and social development and also poses an 

environmental challenge. We must explore all aspects of energy production and consumption 

including energy efficiency, clean energy, the global carbon cycle, carbon sources, sinks and 

biomass, as well as their relationship to climate and natural resource issues. Knowledge of 

energy has allowed humans to flourish in numbers unimaginable to our ancestors (Foster et 

al., 2009). 

Solar energy can be tapped directly (e.g., PV); indirectly as with wind, biomass, and 

hydropower; or as fossil biomass fuels such as coal, natural gas, and oil. Sunlight is by far the 

largest carbon-free energy source on the planet. More energy from sunlight strikes the Earth in 

1 hour (4.3 × 1020 J) than all the energy consumed on the planet in a year (4.1 × 1020 J). 

Although the Earth receives about 10 times as much energy from sunlight each year as that 

contained in all the known reserves of coal, oil, natural gas, and uranium combined, renewable 

energy has been given a dismally low priority by most political and business leaders (Sen, 

2008). Although the solar energy source is inexhaustible and free, it is not the most convenient 

energy source because it is not constant during the day and not readily dispatched. In contrast, 



modern lifestyles demand a continuous and reliable supply of energy hence the low priority 

given to solar energy. However, there are ways to overcome these shortfalls. 

The present work therefore aims at raising awareness and knowledge on how PV cells generate 

electricity with an ultimate goal of promoting renewable energy for greener environment. 

3. Results  

3.1. Earth-Sun geometric relationships 
The amount and intensity of solar radiation reaching the Earth’s surface depends on the 

geometric relationship of the Earth with respect to the Sun. Figure 1 shows this geometric 

relationship and its effects for different seasons in both hemispheres. 

 

Figure 1: Earth-Sun geometric relationships 

Deep in the center of the sun, intense nuclear activity generates huge amounts of radiation. In 

turn, this radiation generates light energy called photons. These photons have no physical mass 

of their own, but carry huge amounts of energy and momentum. Different photons carry 

different wavelengths of light. Some photons will carry non-visible light (infrared and ultra-

violet), whilst others will carry visible light (white light). Over time, these photons push out 

from the center of the sun. It can take one million years for a photon to push out to the surface 

from the core. Once they reach the sun’s surface, these photons rush through space at a speed 



of 670 million miles per hour. They reach earth in around eight minutes. On their journey from 

the sun to earth, photons can collide with and be deflected by other particles, and are destroyed 

on contact with anything that can absorb radiation, generating heat. That is why you feel warm 

on a sunny day: your body is absorbing photons from the sun (Boxwell, 2012). 

Our atmosphere absorbs many of these photons before they reach the surface of the earth. That 

is one of the two reasons that the sun feels so much hotter in the middle of the day. The sun is 

overhead as shown in figure 2 and the photons have to travel through a thinner layer of 

atmosphere to reach us, compared to the end of the day when the sun is setting and the photons 

have to travel through a much thicker layer of atmosphere. 

 

Figure 2 Apparent daily path of the Sun in the sky throughout the year for an observer in the 

Northern (left) and Southern Hemispheres (right). 

This is also one of the two reasons why a sunny day in winter is so much colder than a sunny 

day in summer. In winter, when your location on the earth is tilted away from the sun, the 

photons have to travel through a much thicker layer of atmosphere to reach us. Figure 2 shows 

the apparent daily path of the sun in the sky throughout a year for observers in the northern 

and southern hemispheres respectively. 

3.2. Photovoltaic cells  
The most common solar cells are basically large p–n (thought of as positive–negative) junction 

diodes that use light energy (photons) to produce DC electricity. No voltage is applied across 

the junction; rather, a current is produced in the connected load when the cells are illuminated 

as shown in Figure 3.  



 

Figure 3: PV cell formed by n- and p-layers. 

A diode is an electronic device that permits unidirectional current. The solar cell is fabricated 

by having n- and p-layers, which make up a junction (Figures 3 and 4). The p–n junction is 

formed by combining doped semiconductor materials such as Si or GaAs. 

 

Figure 4: p–n junction in a simple circuit. 

The energy conversion in a solar cell consists of two essential steps. First, absorption of light 

of an appropriate wavelength generates an electron–hole pair. Light absorption refers to the 

annihilation or absorption of photons by the excitation of an electron from the valence band up 



to the conduction band. Electrons flow readily through the n-type material and holes flow 

readily through p-type material (Foster et al., 2009). The light-generated electron and hole are 

separated by the electronic structure of the device: electrons to the negative terminal and holes 

to the positive terminal. The electrical power is collected by metal (ohmic) contacts on the 

front and back of the cell. Typically, the back contact is solid metal and the front is a metal 

grid (Figure 5). The presence of electrons and holes creates net negative and positive charges, 

which in turn induce an electric field in the region near the metallurgical junction. The electric 

field “sweeps out” the electrons and holes to create what is called the depletion region. These 

terms and methodologies are true for most p–n junction diodes. 

                        

Figure 5: Example of a PV silicon cell. The horizontal and vertical lines are thin metal 

conductors. 

3.3 Solar Electricity 
A solar panel generates electricity using the photovoltaic effect, a phenomenon discovered in 

the early 19th century when scientists observed that certain materials produced an electric 

current when exposed to light. When a photon hit the solar cell, it can do one of three things: 

it can be absorbed by the cell, reflected off the cell or pass straight through the cell. 

It is when a photon is absorbed by the silicon that an electrical current is generated. The more 

photons (i.e. the greater intensity of light) that are absorbed by the solar cell, the greater the 

current generated. Solar cells generate most of their electricity from direct sunlight. 



However, they also generate electricity on cloudy days and some systems can even generate 

very small amounts of electricity on bright moonlit nights (Boxwell, 2012). 

3.4. Effects of irradiance on solar electricity 
The power produced by a crystalline PV module is affected by two key factors: solar irradiance 

and module temperature. Figure 6 show how the I-V curve is affected at different irradiance 

levels. The lower the solar irradiance is, the lower is the current output and thus the lower is 

the peak power point. 

 

Figure 6: PV module current diminishes with decreasing solar irradiance 

Voltage essentially remains constant. The amount of current produced is directly 

proportional to increases in solar radiation intensity. Basically, open circuit voltage (Voc) 

does not change; its behavior is essentially constant even as solar-radiation intensity is 

changing (Kalogirou et al., 2013). 

3.5 Effects of temperature on solar electricity 
Figure 2 shows the effect that temperature has on the power production capabilities of a 

module. As module operating temperature increases, module voltage drops while current 

essentially holds steady.  



 

Figure 7: PV module voltage drop with temperature 

PV module operating voltage is reduced on average for crystalline modules approximately 

0.5% for every degree Celsius above STC (i.e., 25°). Thus, a 100 watt peak power (Wp) 

crystalline module under STC now operating at a more realistic 55°C with no change in 

solar irradiance will lose about 15% of its power rating and provide about 85 W of useful 

power (Foster et al., 2009).  

In general, when sizing terrestrial PV systems, one should expect a 15–20% drop in module 

power from STC. This is important to remember when calculating daily actual energy 

production.  

4. Conclusion 
Since solar PV electric power production is affected by both irradiance and temperature, it 

is expected that similar rated solar panels will perform differently at different locations 

depending upon the mentioned factors. This raise important question of how solar plants 

will behave at different locations as well as how to integrate PV plants into existing national 

electric grids. 

 

So far, modeling and simulation of PV panels power output using long term meteorological 

data have been used to understand the performance of PV plants at different geographic 

locations. Using hourly data or lower scale data like minutes variations of irradiance and 

temperature is preferred over long term averages in modeling and simulation of PV plants 



power output because both irradiance and temperature can vary quickly within a short 

period of time (Leva et al., 2017).   
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