Solar Energy: Fundamentals, Solar Radiation,
Estimation, and Measurement

1. Fundamentals of Solar Energy

e Solar energy is radiant energy emitted by the sun, harnessed for applications ranging from
electricity generation (photovoltaic cells) to heating (solar collectors, thermal systems).

e Conversion Principles:

o Photovoltaic (PV): Direct conversion of sunlight into electricity via the photovoltaic
effect in semiconductor materials 1 [21 [3]

o Solar Thermal: Use of collectors to convert solar radiation into heat for water heating,
space heating, and process heat[1112l

o Benefits: Abundant, sustainable, non-polluting, and distributed energy sourcelll 31 [4]

2. Solar Radiation: Types and Characteristics

Main Components

Type Description
Direct Solar radiation reaching Earth's surface without atmospheric scattering.
Diffuse Radiation scattered by molecules, aerosols, and clouds, arriving from many directions.
Global Sum of direct and diffuse radiation incident on a surface.
Reflected Radiation reflected from ground or nearby surfaces (albedo effect) 15 [6]

e Solarirradiance: The power per unit area received from the sun (W/m?).

e Solar spectrum: Maximum energy in the visible range; atmospheric absorption modifies
spectrum at surfacel8l,

3. Estimation of Solar Radiation on Surfaces

A. Horizontal Surfaces

¢ Global horizontal irradiance (GHI): Solar radiation received per unit area by a horizontal
surface.

e Estimation typically uses empirical models taking into account sunshine duration, cloud
cover, atmospheric clarity, and location!Zl [8],

e Basic approaches:



o Angstrom-Prescott Model: Relates sunshine hours to global radiation.

o Clear sky models: Use meteorological data to estimate expected radiation levels.

B. Inclined Surfaces

¢ Inclined Surface Irradiance: Required for the design of PV and solar thermal systems, as

panels are rarely horizontal.
o Key Parameters:

o Tiltangle (measured from horizontal).

o Orientation (azimuth) toward the equator for maximum annual energy.

e Estimation Methodology:

o Calculate each component: direct, diffuse, and reflected radiation on the slope[legllgl

J-&1.

o Use models such as the Hay, Liu & Jordan, Klucher, and Reindl methods for converting

horizontal measurements to tilted surfaces.

o Optimum tilt angle depends on latitude and application; specific tables/models can be
referenced for precise values at different locationsZl (81,

¢ Practical Approach:

o Global tilted irradiance (GTI) = Direct on tilt + Diffuse on tilt + Reflected from groundfll

o118]

4. Measurement of Solar Radiation Data

Instruments and Methods

Instrument Function

Measures global solar irradiance

P t i i
yranometer (direct + diffuse)

A Measures direct beam solar
Pyrheliometer . .
irradiance

Measures reflected solar radiation

Albed t
edometer (albedo)

General instrument for intensity of

Solarimeter e
solar radiation
Sunshine . .
Measures sunshine duration
Recorder
Spectroradiometer Measures spectral distribution

Notes

Dome-shaped sensor; used for horizontal and
tilted surfaces (51 Ml [6] [12],

Narrow view angle, solar tracking required,
measures DNI 21 [11 [6] [12]

Two sensor system—upward and downward
facing8l.

Variants include specific sensors for different
wavelengths 51,

Used as a surrogate for estimating solar
radiation 11,

Used in research and advanced applications 121

e Positioning: Place in unobstructed, non-reflective areas to avoid shading and reflection

artifacts.



e Calibration and Maintenance: Regular quality control, cleaning, and recalibration are
essential for data accuracyl12l.

o Data Usage: Collected data is logged, processed, and used for resource assessment,
performance monitoring, and model validation.

Types of Solar Radiation Data Gathered

¢ Global Horizontal Irradiance (GHI): Total sunlight on a horizontal surface 8l [61012]

o Direct Normal Irradiance (DNI): Direct sunlight at normal incidence (pointing directly at the
sun)[§l el

» Diffuse Horizontal Irradiance (DHI): Scattered sunlight arriving from all directions on a
horizontal surfacel8l 611121

o Reflected/Albedo: Radiation reflected from surfaces nearby@@l.

5. Summary Table: Key Solar Radiation Principles

Aspect Main Points
Fundamental Solar energy is harnessed via PV cells or solar thermal systems.

Radiation Types Direct, diffuse, global, and reflected (albedo)

Estimation Empirical models & geometrical projection for surfaces
Measurement Pyranometer, pyrheliometer, albedometer, sunshine recorder
Data Usage Design, resource assessment, performance optimization

Understanding the principles, estimation, and measurement of solar radiation is essential

for efficient solar eneﬁy system design and evaluation.
[13] [1] [2] [7] [5] [9] [m] [8] [6][n0] [12]

. https://www.nrel.gov/research/re-solar

. https://venturesolar.com/blog/the-basic-fundamentals-of-solar-energy/

. https://www.solar-electric.com/learning-center/solar-101-understanding-solar-energy/

. https://seia.org/initiatives/about-solar-energy/

. https://www.carboncollective.co/sustainable-investing/solar-radiation

o o b~ W ON

. https://www.globalspec.com/learnmore/sensors_transducers_detectors/weather_sensing/solar_radiation
instruments

~N

. https://pdfs.semanticscholar.org/740e/cd587208d981713f8a521c0be917879e3ele.pdf

8. https://www.academia.edu/13216049/Prediction_of_Hourly_Solar_Radiation_on_Horizontal_and_inclined
surfaces

9. http://lab.semi.ac.cn/download/0.19067806863476222.pdf

10. https://www.scirp.org/journal/paperinformation?paperid=65664

11. https://www.slideshare.net/slideshow/solar-radiation-measurement-32602221/32602221



https://www.nrel.gov/research/re-solar
https://venturesolar.com/blog/the-basic-fundamentals-of-solar-energy/
https://www.solar-electric.com/learning-center/solar-101-understanding-solar-energy/
https://seia.org/initiatives/about-solar-energy/
https://www.carboncollective.co/sustainable-investing/solar-radiation
https://www.globalspec.com/learnmore/sensors_transducers_detectors/weather_sensing/solar_radiation_instruments
https://www.globalspec.com/learnmore/sensors_transducers_detectors/weather_sensing/solar_radiation_instruments
https://pdfs.semanticscholar.org/740e/cd587208d981713f8a521c0be917879e3e1e.pdf
https://www.academia.edu/13216049/Prediction_of_Hourly_Solar_Radiation_on_Horizontal_and_inclined_surfaces
https://www.academia.edu/13216049/Prediction_of_Hourly_Solar_Radiation_on_Horizontal_and_inclined_surfaces
http://lab.semi.ac.cn/download/0.19067806863476222.pdf
https://www.scirp.org/journal/paperinformation?paperid=65664
https://www.slideshare.net/slideshow/solar-radiation-measurement-32602221/32602221

12. https://www.youtube.com/watch?v=mkiXHEPIofc

13. https://lunyax.files.wordpress.com/2015/01/fundamentals-of-solar-energy.pdf



https://www.youtube.com/watch?v=mkiXHEPlofc
https://lunyax.files.wordpress.com/2015/01/fundamentals-of-solar-energy.pdf

