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Professional Certificate in Concentrated Solar Power Technology

Parabolic Trough Solar Collectors

Parabolic Trough Solar Collectors are one of the most common types of Concentrated Solar Power (CSP)
technologies used for generating electricity. They consist of long, curved mirrors that focus sunlight onto a
receiver tube located at the focal line of the parabola. This receiver tube contains a heat transfer fluid that
absorbs the concentrated solar energy and carries it to a heat exchanger where it is used to produce steam,
which then drives a conventional steam turbine to generate electricity.

These collectors are particularly effective in areas with high direct normal irradiance, making them well-
suited for regions with abundant sunlight such as deserts. They are used in large-scale CSP plants, which
can range from a few megawatts to hundreds of megawatts in capacity. Parabolic trough systems have
been deployed in various parts of the world, including the United States, Spain, and North Africa.

Key Terms and Concepts

1. Parabolic Trough: A type of solar thermal collector that uses a parabolic-shaped mirror to concentrate
sunlight onto a receiver tube.

2. Concentrated Solar Power (CSP): A technology that uses mirrors or lenses to concentrate sunlight to
produce heat, which is then used to generate electricity.

3. Receiver Tube: A tube located at the focal line of the parabolic trough that contains a heat transfer fluid
to absorb concentrated solar energy.

4. Heat Transfer Fluid: A fluid used to absorb and transfer heat from the receiver tube to a heat exchanger.

5. Heat Exchanger: A device that transfers heat from the heat transfer fluid to produce steam for electricity
generation.

6. Direct Normal Irradiance (DNI): The amount of solar radiation received per unit area by a surface that is
always held perpendicular to the incoming sunlight.

7. Solar Thermal Power Plant: A power plant that uses CSP technology to generate electricity from solar
energy.

8. Steam Turbine: A device that uses steam to drive a generator to produce electricity.

9. Megawatt (MW): A unit of power equal to one million watts, commonly used to measure the capacity of
CSP plants.
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10. Desert: A dry, arid region with high levels of direct sunlight, ideal for the deployment of CSP
technologies.

Operation of Parabolic Trough Solar Collectors

The operation of parabolic trough solar collectors involves several key steps:

1. Sun Tracking: The parabolic troughs are mounted on tracking systems that follow the sun's path
throughout the day to maximize solar exposure.

2. Sunlight Concentration: The parabolic mirrors concentrate sunlight onto the receiver tubes, heating the
heat transfer fluid inside.

3. Heat Absorption: The heat transfer fluid absorbs the concentrated solar energy and reaches high
temperatures.

4. Heat Transfer: The heated fluid is then pumped to a heat exchanger where it transfers its heat to produce
steam.

5. Steam Generation: The steam produced drives a steam turbine, which in turn drives a generator to
produce electricity.

6. Electricity Generation: The electricity generated is then fed into the grid for distribution to consumers.

Advantages of Parabolic Trough Solar Collectors

1. High Efficiency: Parabolic trough systems can achieve high levels of efficiency in converting solar energy
into electricity.

2. Modularity: The modular design of parabolic trough systems allows for scalability and easier deployment
in different sizes.

3. Reliability: Parabolic troughs have been in operation for many years and have a proven track record of
reliability.

4. Energy Storage: Some parabolic trough systems can be integrated with thermal energy storage to
provide electricity even when the sun is not shining.

5. Low Operating Costs: Once installed, parabolic trough systems have relatively low operating costs
compared to traditional power plants.

Challenges of Parabolic Trough Solar Collectors

1. Land Use: Parabolic trough systems require a significant amount of land for deployment, which can be a
challenge in densely populated areas.
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2. Water Usage: Some parabolic trough systems use water for cooling, which can be a concern in water-
scarce regions.

3. Cost: The initial cost of installing parabolic trough systems can be high, although prices have been
decreasing in recent years.

4. Intermittency: Parabolic trough systems rely on sunlight, making them intermittent sources of electricity
that require backup power sources.

5. Environmental Impact: The manufacturing and deployment of parabolic trough systems can have
environmental impacts, such as land disturbance and waste generation.

Applications of Parabolic Trough Solar Collectors

1. Utility-Scale Power Generation: Parabolic trough systems are commonly used in utility-scale CSP plants
for electricity generation.

2. Industrial Process Heat: Parabolic trough systems can also be used to provide heat for industrial
processes, such as desalination or food processing.

3. Combined Heat and Power (CHP): Some parabolic trough systems can be integrated with combined heat
and power systems to provide both electricity and heat.

4. Remote Power Generation: Parabolic trough systems can be deployed in remote areas to provide off-grid
power for communities or facilities.

5. Hybrid Systems: Parabolic trough systems can be combined with other renewable energy sources, such as
wind or solar PV, to create hybrid power plants.

Conclusion

Parabolic trough solar collectors are a proven technology for generating electricity from solar energy. They
offer high efficiency, modularity, and reliability, making them a popular choice for utility-scale CSP plants.
While they face challenges such as land use and cost, ongoing advancements in technology are addressing
these issues. With the continued growth of the renewable energy sector, parabolic trough systems are
expected to play a significant role in the transition to a more sustainable energy future.
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