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INTRODUCTION

Wind energy has emerged as a cornerstone of sustainable energy

strategies around the world, playing a crucial role in reducing

greenhouse gas emissions and combating climate change. However,

harnessing the kinetic energy of wind requires the use of efficient and

adaptable technologies, most notably horizontal-axis wind turbines

(HAWT) and vertical-axis wind mills (VAWT). These two types of

turbines differ significantly in design, function, and application, and

each has unique advantages and challenges.

This study aims to compare horizontal-axis wind turbines (HAWT)

and vertical-axis wind mills (VAWT) in terms of key aspects such as

efficiency, space requirements, maintenance, cost-effectiveness, and

environmental impact. By examining these factors, we aim to provide

insight into the conditions and settings where each type of turbine

performs best, and guide stakeholders in making informed decisions

about wind energy implementation. Ultimately, understanding the

complementary roles of horizontal-axis wind turbines (HAWT) and

vertical-axis wind mills (VAWT) can help diversify and expand wind

energy's contribution to a cleaner, more resilient energy grid.
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•Aerodynamic Module

•Objective: Capture the wind’s kinetic energy using the rotor 

blades and convert it to mechanical energy.

•Key Components:

• Blade Element Momentum (BEM) Theory: This theory 

combines blade element theory and momentum theory to 

calculate the forces on each blade element and overall 

rotor thrust.

• Power Coefficient, Cp: Represents the efficiency of the 

rotor in converting wind power to mechanical power.

•Key Equations:

• Wind Power Available: 𝑃𝑤𝑖𝑛𝑑= 
1

2
ρAv3

• Where ρ is air density, A is the swept area of the rotor (πR²), and v
is the wind speed.

• Power Output from Rotor: 𝑃𝑟𝑜𝑡𝑜𝑟=𝐶𝑝𝑋𝑃𝑤𝑖𝑛𝑑
• The 𝐶𝑝 is typically limited by Betz’s limit (59.3%) for maximum 

efficiency.

•Output: Mechanical power, 𝑃𝑟𝑜𝑡𝑜𝑟 ​, which is transferred to the 

drivetrain.
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Aerodynamic Module
Objective: Capture wind energy and convert it into 
mechanical energy, but with a vertical rotor shaft allowing it 
to catch wind from all directions.
Key Components:
Blades: Vertically oriented blades are shaped to maximize 
wind interaction regardless of direction, with common 
designs like Darrieus and Savonius blades.
Power Coefficient, 𝐶𝑝 : VAWTs generally have a lower power 
coefficient than HAWTs due to design limitations, but they 
perform better in low and turbulent winds.
Key Equations: 

Wind Power Available: 𝑃𝑤𝑖𝑛𝑑= 
1

2
ρAv3

Power Output from Rotor: 𝑃𝑟𝑜𝑡𝑜𝑟=𝐶𝑝𝑋𝑃𝑤𝑖𝑛𝑑
Output: Mechanical power 𝑃𝑟𝑜𝑡𝑜𝑟P rotor​ , transferred to the 
drivetrain.

Results Model of HAWT

Wind Speed (m/s)Wind Power Available (W)HAWT Power Output (W)Cp HAWT

2 49 19.6 0.4

4 392 156.8 0.4

6 1323 529.2 0.4

8 3136 1254.4 0.4

10 6125 2450 0.4

12 10584 4233.6 0.4

14 16807 6722.8 0.4

16 25088 10035.2 0.4

Wind Speed (m/s)Wind Power Available (W)VAWT Power Output (W)Cp VAWT

2 49 14.7 0.3

4 392 117.6 0.3

6 1323 396.9 0.3

8 3136 940.8 0.3

10 6125 1837.5 0.3

12 10584 3175.2 0.3

14 16807 5042.1 0.3

16 25088 7526.4 0.3

Wind Speed (m/s) HAWT Power Output (W) VAWT Power Output (W)

2 19.6 14.7

4 156.8 117.6

6 529.2 396.9

8 1254.4 940.8

10 2450 1837.5

12 4233.6 3175.2

14 6722.8 5042.1

16 10035.2 7526.4

The comparison highlights that HAWT
outperforms VAWT in terms of raw power output
and efficiency due to its higher Cp​. However,
VAWT remains valuable for specific environments
where wind conditions are inconsistent, and
spatial constraints exist. The choice between
HAWT and VAWT ultimately depends on the wind
profile and environmental constraints of the
installation site. Together, these turbine types
provide complementary solutions that can
expand the versatility and accessibility of wind
energy across diverse settings.

The comparative results for the Horizontal Axis Wind 
Turbine (HAWT) and Vertical Axis Wind Turbine (VAWT) 
based on power output and Cp​ values across varying wind 
speeds reveal distinct performance characteristics 
between the two types of turbines.
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