
G U I D E

Executive Certificate in Decentralized Energy Systems

Wind Energy: Technology and System Design

Wind Energy: Technology and System Design is a key course in the Executive Certificate in Decentralized
Energy Systems. Here are some of the key terms and vocabulary you will encounter in this course:

1. **Wind energy**: Wind energy is the kinetic energy present in the wind, which can be converted into
mechanical or electrical energy.
2. **Wind turbine**: A wind turbine is a machine that converts the kinetic energy in the wind into
mechanical power. This mechanical power can be used for specific tasks (such as pumping water) or a
generator can convert this mechanical power into electricity.
3. Aerodynamics: Aerodynamics is the study of how air moves around objects. In the context of wind
energy, aerodynamics is used to design wind turbine blades that can efficiently capture the energy in the
wind.
4. **Blade design**: Blade design is a critical aspect of wind turbine technology. The blades must be
designed to capture as much energy as possible from the wind, while also being strong and lightweight.
5. **Rotor**: The rotor is the part of the wind turbine that consists of the blades and the hub. The rotor
converts the kinetic energy in the wind into mechanical energy.
6. **Nacelle**: The nacelle is the housing that contains the generator, gearbox, and other components of
the wind turbine. It is mounted on top of the tower and rotates to face the wind.
7. **Tower**: The tower is the structure that supports the wind turbine. Towers can be lattice (i.e., made of
steel beams) or tubular (i.e., made of steel pipes).
8. **Power curve**: The power curve is a graph that shows the relationship between the wind speed and the
power output of a wind turbine.
9. **Cut-in wind speed**: The cut-in wind speed is the minimum wind speed at which a wind turbine begins
to generate electricity.
10. **Rated wind speed**: The rated wind speed is the wind speed at which a wind turbine generates its
maximum rated power.
11. **Cut-out wind speed**: The cut-out wind speed is the maximum wind speed at which a wind turbine
can safely operate.
12. **Wind rose**: A wind rose is a graphical representation of the distribution of wind speeds and
directions at a particular location.
13. **Site assessment**: A site assessment is the process of evaluating a potential wind energy site to
determine its suitability for a wind turbine.
14. **Wakes**: Wakes are the turbulent airflow that is created behind a wind turbine. Wakes can reduce the
efficiency of downstream turbines.
15. **Yaw system**: The yaw system is the mechanism that rotates the nacelle to keep the rotor facing into
the wind.
16. **Pitch system**: The pitch system is the mechanism that adjusts the angle of the blades to control the
rotor speed and power output.
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17. **Gearbox**: The gearbox is the component that increases the rotational speed of the generator to
match the rotational speed of the rotor.
18. **Generator**: The generator is the component that converts the mechanical energy from the rotor into
electrical energy.
19. **Grid connection**: Grid connection is the process of connecting a wind turbine to the electrical grid.
20. **Energy storage**: Energy storage is the use of batteries or other technologies to store excess electrical
energy generated by a wind turbine.

Examples and Practical Applications:

* A wind turbine with a rotor diameter of 50 meters and a hub height of 80 meters can generate up to 1
MW of electricity in winds of 11 m/s.
* The blade design of a wind turbine can be optimized using computational fluid dynamics (CFD)
simulations to maximize energy capture and minimize noise.
* Wind roses can be used to identify the dominant wind directions and speeds at a particular location,
which can help in the design of wind farms.
* Site assessments should consider factors such as wind resource, land availability, access, and
environmental impact.
* Wake effects can reduce the power output of downstream turbines by up to 40%, so turbines should be
spaced appropriately to minimize these effects.
* Yaw systems can be controlled using wind direction sensors and algorithms to maintain optimal rotor
orientation.
* Pitch systems can be used to control the rotor speed and power output, which can help to extend the
lifespan of the turbine.
* Gearboxes can increase the rotational speed of the generator by a factor of 100 or more.
* Energy storage can help to smooth out the intermittent power output of wind turbines and provide
backup power during grid outages.

Challenges:

* Wind energy is an intermittent source of energy, which means that it is not always available when it is
needed.
* Wind turbines can be noisy and may impact wildlife, particularly birds and bats.
* The installation and maintenance of wind turbines can be challenging, particularly in remote or offshore
locations.
* Wind resource assessments can be time-consuming and expensive, and may not always provide accurate
estimates of wind speeds and directions.
* Wind turbine technology is constantly evolving, which can make it difficult for developers and operators
to keep up with the latest advances.

In conclusion, Wind Energy: Technology and System Design is a key course in the Executive Certificate in
Decentralized Energy Systems. By understanding the key terms and vocabulary associated with wind energy,
you will be better equipped to design, install, and operate wind turbines and wind farms. While there are
challenges associated with wind energy, the potential benefits in terms of clean, renewable energy make it
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an important area of study and development.
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