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  Chapter 2   
 

    BACKGROUND STUDY 

 
2.1 Background 

There are some fundamental terminologies and definitions related to the study area 

of solar power. Therefore, it is suitable to get familiarized with some of the basic 

concepts which are relevant to the scope of the study. 

 

2.1.1 Solar Irradiance  

The Sun is the fundamental driving force for energy in the Earth's climate system. It 

is of crucial importance to understand fully the conditions of its arrival at the top of 

the atmosphere and its transformation through the atmosphere to the earth. The 

amount of solar power available per unit area is known as solar irradiance. Irradiance 

is a radiometric term for the power of electromagnetic radiation at a surface, per unit 

area. It is used when the electromagnetic radiation is incident on the surface. 

Irradiance fluctuates according to the weather and the sun’s location in the sky. This 

location constantly changes through the day.  

 

2.1.2 Sun’s Declination Angle 

Several solar parameters are used to describe the position of the sun at a specified 

location, date and time and to make calculations regarding the rate of solar radiation 

striking the earth at a specified location.  

 

The solar declination depends only on the day of the year. The declination is also 

equal to the latitude at which the sun is directly overhead at solar noon on the given 

day. The declination is positive when the sun is directly overhead north of the 

equator (December 21 through June 21) and it is negative when the sun is directly 

overhead south of the equator (June 21 through December 21). The solar declination, 

δ, can be calculated from the equation: 

 

                           δ = (23.45
o
) sin [360

o
 (284 + n)/365]  
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Where n is the day number in the year, with January 1 as 1. 

 

                          

 

 

 

 

 

 

 

 

 

 

                                  Figure 2.1 – Solar declination angle, δ 

 

Figure 2.1 above shows the sun’s declination angle used to specify the sun’s location 

in the sky. The variation of δ throughout the year is shown in figure 2.2. The solar 

declination has a maximum value of + 23.45
o
 on June 21 and a minimum value of    

– 23.45
o
 on December 21. 

 

                       

                         

 

 

 

 

 

 

 

 

 

  Figure 2.2 – Solar Declination Angle vs. Day of the year 
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2.1.3 Solar Insolation  

The results of the earth’s motion and atmospheric effects at various locations have 

led to basically two types of solar insolation data. These are daily and hourly, solar 

insolations. Solar irradiance is related to power per unit area and solar insolation is 

related to radiant energy per unit area. Solar insolation is determined by summing 

solar irradiance over time, and is usually expressed in units of kWh/m
2
/day.  

 

2.1.4 Average Daily Solar Radiation  

To provide long-term average daily solar radiation data, an average of daily solar 

radiation is calculated for each month over a period of typically 30 years. However, 

in Sri Lanka we do not have solar radiation records for such a long period of time. 

This data is useful both in predicting long-term performance and in analyzing the 

economics of solar energy systems. The actual average daily solar radiation for a 

given month may vary significantly from the long-term average for that month. 

 

2.1.5 Direct, Diffuse and Global Solar Irradiance 

Sunlight coming from the sun is reduced by about 30% before it reaches the earth 

due to  

            • Scattering by atmospheric particles  

            • Scattering by aerosol, dust particles etc  

            • Absorption by atmospheric gases  

 

It is common to consider separately the ‘direct’ (or beam) radiation coming from 

solar disk and the ‘diffuse’ radiation from elsewhere in the sky with their sum known 

as ‘global’ radiation. The component of the radiation coming from all directions in 

the sky is diffused. When the sun is directly overhead, it has a diffuse component of 

about 10% when skies are clear. Percentage increases with increased air mass. 

 

2.2 Available Models to Estimate Solar Radiation 

Monthly average daily global solar radiation data is essential in the design and study 

of solar energy conversion devices. There are some proposed models for Sri Lanka 
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by researchers. Many of the models that they have developed to estimate solar 

radiation are based on the sunshine hours. Sunshine hour data recorded in number of 

weather stations all over the country for a fairly long period of time is available in 

the meteorological department of Sri Lanka. Other than that agricultural research 

centers also maintain records of sun shine hours.  Availability of data records for a 

longer time period is very much important for researches of this nature.  

 

The researches done for Sri Lanka are based on those data recorded by 

meteorological stations and agricultural stations located in different parts of the 

country. The accuracy of those data recorded can be questionable and sometimes the 

level of accuracy depends on the purpose for which they are recorded by the 

respective station.  The equipment used to measure those data need to be calibrated at 

least annually. However, due to the costs involved and many other reasons, proper 

calibration of those measuring equipment is not happening in Sri Lanka. 

 

2.3 Factors Affecting the Solar Radiation Reaching the Earth’s Surface 

In order to propose a model to predict solar radiation, it is necessary to identify the 

factors that affect the solar radiation that would be available on earth’s surface. 

Several empirical models to estimate solar radiation are found in literature and those 

models are utilizing available meteorological, geographical and climatological 

parameters such as sunshine hours, air temperature, latitude, precipitation, relative 

humidity, and cloudiness.  

 

The most commonly used parameter for estimating global solar radiation is sunshine 

duration. It is obvious that sunshine duration is a parameter which indicates the 

amount of solar radiation available at the earth’s surface rather than a factor that 

affects the radiation reaching the earth’s surface. 

 

The parameters like relative humidity, precipitation, wind speed, and gust speed can 

cause impacts on the atmosphere through which the radiation reaches the earth’s 

surface. The presence of clouds in the sky is very common in Sri Lanka throughout 

the year.  Sri Lanka being closer to the equator where the trade winds tend to 
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converge causes development of low pressure cells and consequently the formation 

of clouds.  When clouds are present, water droplets effectively absorb the energy 

from downward radiation. Thus, inclusion of cloud cover data as an explanatory 

variable to the model for cloud transmittance is necessary in order to achieve more 

accurate results.  

 

Since the declination angle (δ) explains the sun’s location in the sky, it affects the 

amount of solar radiation available to a particular location of the earth at a particular 

time. Therefore, the sine value of the declination angle (sin δ) is taken as an 

explanatory parameter in the model proposed in this study. 

 

Similar to sunshine hours, ambient air temperature can also be considered as an 

indicating parameter and is included in the model. Even though soil temperature is 

taken as an explanatory variable that affect the radiation in some literature, it is not 

considered in this study due to the non-availability of measurements of soil 

temperature in Sri Lanka.  

 

       Table 2.1 – List of parameters 

No. Parameter Unit 

1. Cloud Cover (C) % 

2. Sunshine Hour (n) hours 

3. Precipitation (p) mm 

4. Open Air Temperature (Ta) 
0
C 

5. Sine value of Declination Angle (sin δ) - 

6. Relative Humidity (r) % 

7. Wind Speed (W) ms
-1

 

8. Gust Speed (G) ms
-1

 

9. Soil Temperature 
0
C 

10. Geographical Parameters 
- 

11. Evaporation mmday
-1 

 

 




