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Professional Certificate in Concentrated Solar Power Technology

Solar Receiver Technologies

Solar Receiver Technologies:

Solar receiver technologies play a crucial role in concentrated solar power (CSP) systems, where they are
responsible for capturing and converting solar energy into heat. The receiver is a key component of a CSP
system, as it absorbs sunlight reflected by mirrors and converts it into a high-temperature fluid or gas that
can be used to generate electricity. There are several types of solar receiver technologies, each with its own
advantages and limitations.

Key Terms and Vocabulary:

1. Concentrated Solar Power (CSP): CSP is a technology that uses mirrors or lenses to concentrate a large
area of sunlight onto a small area. This concentrated light is then converted into heat, which can be used to
generate electricity.

2. Solar Receiver: The solar receiver is the component of a CSP system that absorbs concentrated sunlight
and converts it into heat. It is typically located at the focal point of the mirrors or lenses used to concentrate
sunlight.

3. Receiver Efficiency: Receiver efficiency refers to the ability of the receiver to convert sunlight into heat.
Higher receiver efficiency means more energy can be captured and converted into usable heat.

4. Heat Transfer Fluid: The heat transfer fluid is the medium used to transport heat from the receiver to the
power block, where it is used to generate electricity. Common heat transfer fluids include molten salt, oil,
and steam.

5. Thermal Energy Storage: Thermal energy storage allows CSP plants to store excess heat for use when the
sun is not shining. This improves the plant's ability to provide electricity on demand, even at night or during
cloudy weather.

6. Direct Absorption Receiver: A direct absorption receiver absorbs sunlight directly into a heat-absorbing
material, such as a metal or ceramic. This type of receiver is simple and cost-effective but may have lower
efficiency compared to other types.

7. Particle Receiver: A particle receiver uses solid particles, such as sand or ceramic beads, as the heat-
absorbing medium. These particles are heated by concentrated sunlight and then transfer heat to a heat
transfer fluid. Particle receivers can achieve high temperatures and thermal efficiency.

8. Fluidized Bed Receiver: A fluidized bed receiver uses a bed of solid particles that are fluidized by a flow of
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air or gas. This allows for efficient heat transfer and high temperatures. Fluidized bed receivers are capable
of storing heat for extended periods.

9. Volumetric Receiver: A volumetric receiver uses a three-dimensional material, such as a foam or
honeycomb structure, to absorb sunlight. This type of receiver offers high efficiency and can achieve very
high temperatures.

10. Receiver Window: The receiver window is a transparent cover that protects the receiver from dust,
debris, and weather while allowing sunlight to pass through. It is important for maintaining the efficiency
and longevity of the receiver.

11. External Receiver: An external receiver is located outside the solar field and is exposed to direct sunlight.
This design allows for higher operating temperatures but may require additional cooling systems.

12. Internal Receiver: An internal receiver is located inside a cavity or tube that is surrounded by mirrors.
This design provides better insulation and allows for more precise control of temperature.

13. Receiver Tube: The receiver tube is a heat exchanger that contains the heat transfer fluid and is heated
by concentrated sunlight. It is a critical component of CSP systems and must be able to withstand high
temperatures and thermal cycling.

14. Receiver Surface: The receiver surface is the area of the receiver that is exposed to concentrated
sunlight. It is designed to maximize the absorption of sunlight and minimize heat loss.

15. Receiver Design: Receiver design refers to the overall layout and configuration of the receiver, including
the materials used, the geometry of the heat-absorbing surface, and the placement of heat transfer fluid
channels.

16. Receiver Performance: Receiver performance is a measure of how effectively the receiver converts
sunlight into heat. It is influenced by factors such as receiver efficiency, thermal losses, and temperature
stability.

17. Receiver Maintenance: Receiver maintenance includes regular inspections, cleaning, and repair to ensure
optimal performance and longevity. Proper maintenance is essential for maximizing the efficiency and
lifespan of the receiver.

18. Receiver Retrofit: Receiver retrofit involves upgrading or replacing existing receivers with newer, more
efficient technologies. This can improve the overall performance and reliability of a CSP plant.

19. Receiver Integration: Receiver integration refers to the process of incorporating the receiver into the
overall design of a CSP system, including the solar field, power block, and thermal storage components.

20. Receiver Challenges: Receiver technologies face challenges such as high operating temperatures,
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thermal stresses, material degradation, and cost. Overcoming these challenges is essential for the continued
advancement of CSP technology.

Practical Applications:

Receiver technologies are used in a wide range of CSP applications, including power generation, industrial
process heat, and desalination. CSP plants with advanced receiver technologies can provide clean,
renewable energy to remote areas and help reduce greenhouse gas emissions. By incorporating thermal
energy storage, CSP plants can also provide reliable power on demand, making them suitable for grid
stability and energy security.

Examples:

- The Gemasolar CSP plant in Spain uses a molten salt receiver to achieve high temperatures and thermal
efficiency. It can generate electricity for up to 24 hours without sunlight, thanks to its thermal energy
storage system.
- The Crescent Dunes CSP plant in Nevada features a particle receiver that can reach temperatures of over
1,000 degrees Celsius. This allows the plant to produce electricity at night and during cloudy weather.

Challenges:

Despite their many benefits, solar receiver technologies face several challenges that can impact their
performance and cost-effectiveness. These challenges include:

- High operating temperatures can cause thermal stresses and material degradation, leading to reduced
efficiency and lifespan.
- Thermal losses from the receiver can decrease overall system efficiency and require additional cooling or
insulation measures.
- Cost is a significant factor in the deployment of CSP plants, with receivers being a major component of the
overall system cost.
- Receiver maintenance can be complex and require specialized equipment and expertise, adding to the
operating costs of CSP plants.

Conclusion:

Solar receiver technologies are a critical component of concentrated solar power systems, enabling the
conversion of sunlight into heat for electricity generation. By understanding key terms and vocabulary
related to receiver technologies, professionals in the CSP industry can better design, operate, and maintain
CSP plants. Practical applications and examples demonstrate the importance of receiver technologies in
providing clean, renewable energy and grid stability. Despite challenges such as high temperatures, thermal
losses, and cost, ongoing research and development efforts are focused on improving receiver technologies
and advancing the field of concentrated solar power.
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