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 

Abstract—The principle objective of this proposed project is to 

build a working model of a floating windmill with a 

semi-submersible platform of 1:71 downsize ratio, a Spar-buoy 

platform of 1:50 downsize ratio and to assess and analyse the 

challenges faced in the process of design and deployment, to 

assess, compare and record dynamic characteristics. 

I. INTRODUCTION 

Renewable energy plays an important role in providing 

trillions of people in developing countries with modern 

energy access that continues to depend on more traditional 

energy sources [2]. After the United States, China and 

Russia, India is the fourth largest consumer of energy in the 

world. India's energy consumption has been increasing at a 

relatively fast rate in recent years due to population growth 

and economic development. India's current centralized 

energy planning depends on sources of coal and fossil fuel. 

As energy demand increases, we need to look at the 

alternatives of conservative fossil fuels. Total installed 

capacity in the country is approximately 302 GW, of which 

(i) Non-renewable energy accounts for 79.8% (ii) Renewable 

energy represents 20.2%. Wind power accounts for about 

49.3 %, followed by solar (31.4%), biomass power (12.6%), 

according to recent statistics. Wind power is one of the 

future's most promising alternative energy technologies. Due 

to significant advances in turbine technology, the amount of 

energy produced by wind turbines has increased rapidly in 

recent years, making wind power economically compatible. 

There are two prominent methods to harness the wind which 

are Onshore and Offshore.  
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Fig 1. Installed energy capacity in India (2017-2018) 

 

 
Fig 2.Installed capacity of renewable resources. 
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Wind energy is one of the future's most lucrative 

alternative energy technologies. Mainly due to substantial 

advances in wind technologies, the amount of electricity 

produced by wind turbines has increased rapidly over the past 

few years, making wind power economically compatible 

with fossil fuel energy sources.Wind energy accounts for 

about 49.3 percent of the overall clean energy capacity built 

in India. There are two notable wind harnessing methods that 

are onshore and offshore Fig. 3. There are also many 

windmill platform structures determined based on the 

structure and principle Fig 4. This article discusses about the 

distribution of the renewable resources and need of the clean 

wind energy and its contribution towards the modern power 

demands. It also describes the downsizing and testing of 

Semi-submersible and Spar-buoy platforms. 

II. MODEL DESCRIPTION& RESULTS 

A. Semi-submersible platform 

Semi-submersible platform is generally equipped with 

three, four or six legs. Semi-submersible type platforms have 

three pontoons of same height and one column in the centre 

which is less in diameter but also taller than the pontoons on 

which wind turbine is geometrically centred. The tower 

height has been reduced in proportion to the rotor blades to 

reduce the magnified vibration amplitudes which otherwise 

will result in the stability of the wind turbine. By considering 

the wind turbine dynamics, after observing many published 

design models, we have come to a conclusion that tower hub 

height to rotor blade length ratio is 1.18. As we mentioned the 

properties of HDPE above, we chose the same material to 

construct a tripod semi-submersible platform. The downsize 

ratio of the base is 71:1 with respect to one of our reference 

papers as shown in Fig 4.2,4.3. This design is modified by 

using an original existing model of higher scale and then 

downsizing it to a ratio which is compatible in 2 to 3 m water 

depth. The project utilises High Density Polyethylene 

(HDPE) pipes as the material for the platform. HDPE 

(density =970Kg/m
3
) is less dense than water and thus it can 

stay afloat in the sea. HDPE is also corrosion resistant and is 

able to withstand the high-pressure conditions. 

B. Spar-buoy platform 

Spar Buoy is a thin, tall buoy which floats upright in the 

water and has a small water plane area. It ranges in length 

from a few feet to 350 feet. These are used as oceanographic, 

wave measurement devices. Spar buoy is a type of platform 

that is used for both offshore windmills as well as offshore oil 

rigs. In our design, there are two aluminium poles to provide 

stability and a larger footprint to keep the structure stable. 

The structure consists of three aluminium blades, 120
ᵒ
 apart. 

The top-part is attached to a Nylon block. The Nylon block is 

sturdy and offers the features of being water-proof and 

air-tight. The cap is used to attach the top -part to the base. 

The base is made of a PVC pipe. Ballast which is made of 

steel, is then placed in this PVC pipe. There are 4 ballast that 

are put into the PVC base. The number of steel plates can be 

adjusted according to the required height of the ballast. The 

ballast helps in lowering the centre of gravity which allows 

the wind mill to stay upright and also provides required 

balance for the structure. The hub and blades are mounted on 

top of the Aluminium pole. The prototype model was 

designed based on the NREL baseline wind turbine, with a 

rotor diameter of 126 m, a hub height of 90 m and a total 

weight of 700 metric tons rated to produce a power output of 

5 MW. The turbine has a spar buoy platform with a draft of 

60 m and a diameter of 14 m. Froude scaling was used to the 

downsizing of the upscale model. Length measurements are 

reduced by 100:1 and weights and forces by 106:1 and 

1010:1 for moments of inertia. 

IV.TESTING 

A. Field testing 

The field test was carried out for three days in three 

different locations for Spar-buoy and Semi-submersible. 

Various parameters like voltage, current, shaft speed, lumen 

values are recorded 

B. Flotation test 

The flotation analysis for the developed model was carried 

for three consecutive days in a tank of depth 2m and above, 

below water level are measured at different times of the day. 
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