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Anomauin

Y cmammi npeocmagneno xomniekcuuii ananiz egonoOyii mexHoN02iu 8iMpOeHepemuKU 3 aKyeHmom Ha nepexooi
8I0 MpPAOUYIUHUX HA3EMHUX GiMpoceHepamopis i3 2opusoHmanvhor egiccto (BEY ['B) 0o inHOBayiuiHux niagyuux
ouopnux nramegopm.

Kuarouosi ciaoBa: Bitpoenepreruka, BEY I'B (ropusonrtansHo-ocboBi), BEY BB (BeprukanpHO-0CHOBi), odmopHi
w1aTpopMu, acpogUHAMiYHa C(QEKTHBHICTh, IHTETpAIlisi BiAHOBIIOBAJHHUX JDKEpEN €Heprii, CTaOLIbHICTH
€HEeProCHCTEMHU.

Absctract

The article provides a comprehensive analysis of the evolution of wind power technologies, focusing on the
transition from traditional onshore Horizontal Axis Wind Turbines (HAWT) to innovative floating offshore platforms.

Keywords: Wind power, HAWT, VAWT, offshore platforms, aerodynamic efficiency, renewable energy integration,
grid stability.

Introduction

Wind power is a mature yet rapidly evolving technology that converts the kinetic energy of air masses
into electrical energy. While the first electricity-generating wind turbines appeared in the late 19th
century, their role in the global energy mix has become a cornerstone of the "Green Transition" only in the
last two decades. Modern turbines are sophisticated aerodynamic machines that operate on principles
similar to aerospace engineering.

The prototype of a modern wind turbine consists of a three-part structure often referred to as the rotor,
the nacelle, and the tower. The rotor usually consists of three blades made of glass-fiber reinforced
polymer (GFRP), designed with an airfoil profile to create lift. The nacelle houses the main gearbox, the
generator, and the electronic control systems, while the tower, typically made of tubular steel, must
withstand extreme mechanical loads. The efficiency of a wind turbine is theoretically limited by the Betz
Limit, which states that no turbine can capture more than 59.3% of the kinetic energy in wind. Modern
high-end turbines currently reach efficiencies of 45% to 50%.

The advantages of modern wind power include a high energy payback ratio and low operational costs.
A wind turbine typically produces the energy used to manufacture it within 6-8 months of operation. Once
installed, the "fuel" is free, leading to stable long-term energy prices. Furthermore, the technology offers
immense scalability, ranging from micro-turbines (1-10 kW) for remote telecommunication towers to
massive offshore units (15-20 MW) capable of powering entire communities.

Following the industrial trend of enhancing material longevity, wind energy leaders have developed
"Circular Resin" technology. Previously, turbine blades were difficult to recycle and often ended up in
landfills. New chemical epoxy technology now allows blades to be decommissioned and broken down into
their original raw materials. This breakthrough solves the "end-of-life" environmental problem that has
hindered the industry for years, ensuring a more sustainable lifecycle for wind farm components.

A significant strategic shift is currently occurring towards offshore and floating foundations. While
traditional "fixed-bottom" turbines are limited to shallow waters, new floating offshore platforms (using
semi-submersible or SPAR buoy designs) allow turbines to be placed in the open ocean. In these locations,
winds are significantly stronger and more consistent. This technological leap could potentially triple the
global wind energy capacity by 2040, providing a solution for countries with limited land availability.



The economic prospects of wind energy are bolstered by advanced control systems and massive cost
reductions. The integration of Active Pitch Control allows turbines to adjust blade angles in real-time,
maximizing output while preventing structural damage during extreme weather. Consequently, the
Levelized Cost of Energy (LCOE) for wind has dropped by approximately 70% over the last decade. With
global capacity projected to exceed 2,000 GW by 2030, wind power is becoming cheaper than fossil fuels

in most regions.

TYPES OF OFFSHORE WIND TURBINES
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In conclusion, wind power plants represent a revolutionary force in the transition to a carbon-neutral
energy sector. They combine high energy density with mechanical reliability and increasing sustainability
through innovative recycling methods. Developments in floating platforms and Al-driven grid integration are
significantly extending the operational range of these systems, paving the way for a decentralized and stable
global energy future.

Conclusion

To summarize, wind power plants are a revolutionary force in the global energy sector. They combine
high energy density with mechanical reliability and increasing environmental sustainability through blade
recycling. Innovative developments, such as floating platforms and Al-driven grid integration, significantly
extend the operational range of these systems. It is expected that the global share of wind energy will
increase significantly, leading to a decentralized and carbon-neutral energy future.
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