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Abstract

Solar radiation is the primary driver of Earth's energy systems and plays a critical
role in renewable energy applications. This study examines the characteristics,
influencing factors, and methods of calculating solar radiation. Using empirical
models, satellite data, and software tools, solar radiation can be quantified for diverse
applications such as photovoltaic (PV) system design, agriculture, and climate
modeling. This article provides a detailed review of solar radiation, its calculation
methods, and practical applications while highlighting the importance of accurate data
for optimizing solar energy utilization.

Key words: Solid-state cooling, thermoelectric applications, heat dissipation,
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Introduction

Solar radiation, the electromagnetic energy emitted by the Sun, is fundamental
to Earth’s ecological and climatic systems. It is a critical resource for renewable
energy, particularly solar power generation. Accurate calculation of solar radiation is
essential for designing and optimizing solar energy systems, enabling efficient energy
generation and utilization. This study aims to explore the nature of solar radiation,
analyze factors affecting its intensity, and present methods for its calculation. Special
attention is given to modern tools and technologies that facilitate precise solar
radiation assessment.

1. Characteristics of Solar Radiation

Solar radiation is measured as irradiance (W/m?) or insolation (kWh/m?*/day). It
comprises direct, diffuse, and reflected components:

« Direct Solar Radiation: Unscattered radiation reaching the surface.

« Diffuse Solar Radiation: Radiation scattered by clouds and atmospheric
particles.

« Global Solar Radiation: The sum of direct and diffuse radiation.

2. Influencing Factors

The intensity and distribution of solar radiation are influenced by:

« Geographical Factors: Latitude and longitude determine the Sun’s angle and
day length.
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« Temporal Variations: Seasonal changes and the time of day affect solar
exposure.

« Atmospheric Conditions: Clouds, dust, and pollutants scatter and absorb
radiation.

« Surface Orientation: Tilt and azimuth angles influence radiation incidence on
surfaces.

3. Calculation Models

Empirical Models

Empirical models rely on observed data and mathematical relationships.

« Angstrom-Prescott Model: Relates solar radiation to sunshine duration.

H = H, (a—l—b%)

Where

H = global solar radiation on a horizontal surface

HO= extraterrestrial solar radiation

a,b = regression coefficients

n = actual sunshine hours

N = maximum possible sunshine hours

« Hargreaves-Samani Model: Relates radiation to temperature differences.

H = }-31- \/Tm;u; TminH'[]

Satellite Data and Remote Sensing

Satellite-based tools provide high-resolution data, capturing variations in
radiation over time and location. Data from satellites like MODIS and GOES are
widely used for modeling.

Software Tools

Programs like PVsyst and HOMER integrate meteorological data with
algorithms to simulate solar radiation for specific locations and system
configurations.

Solar Geometry Calculations

Solar angles are critical for precise calculations:

« Solar Declination (8) and Hour Angle (h) define the Sun’s position.

« Zenith Angle (z) and Solar Elevation Angle (a) affect incidence.

Radiation on an inclined surface is given by:

I = Iycos(B) + I+ I
« Empirical Models: Provided reasonable accuracy for locations with available
meteorological data.

https://scientific-jl.org/obr 1 ) Buinyck scypnana Ne-59
h (38 )
Yacmov—14 Jlexaops —2024



:g ﬁ’! i OBPA30BAHHE HAYKA H HHHOBAI[HOHHBIE H/IEH B MUPE

NN

2181-3187

. Satellite Data: Enhanced accuracy in areas with sparse ground-based
measurements.

« Software Tools: Delivered site-specific insights, optimizing solar panel
designs for maximum efficiency.

« Solar Geometry: Ensured accurate tilt and orientation settings for photovoltaic
systems.

The analysis highlights the significance of accurate solar radiation estimation for
renewable energy projects. Empirical models are effective for regions with reliable
historical data, while satellite data are indispensable for areas lacking ground
measurements. Software tools bridge the gap between raw data and practical
applications, allowing for precise system configurations.

Challenges include accounting for atmospheric variability and integrating real-
time data for dynamic systems. Advances in machine learning and loT can enhance
predictive capabilities and data integration for more robust solar energy solutions.

Applications

1. Photovoltaic Systems: Solar radiation data optimize panel placement
and energy yield.

2. Agriculture: Enables precision farming by optimizing sunlight for
crops.

3. Climate Modeling: Assists in studying global warming and renewable

energy potential.

4, Urban Planning: Guides the design of energy-efficient buildings.

Conclusion

Solar radiation calculation is integral to renewable energy and environmental
sciences. Combining empirical, satellite, and software-based methods provides a
comprehensive framework for accurate assessment. As technology advances, the
precision of solar radiation calculations will improve, enabling greater adoption of
solar energy technologies for sustainable development.
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