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3.1.2

Discussion

The first four drafts presented in the midterm report were a compilation of all the different
research done over the first month and a half. The objective was to visualize all the possibilities
available so the team could discuss one by one the pros and cons of the different options. This
last process has been done after the midterm presentation. In the next paragraph the
conclusions are explained, giving as a result three new optimal designs. The costs and the
feasibility of each component were studied so only the best design would be chosen to develop,
test, and finally analyze.
The aspects discussed are the following: flotation structures, rotation systems, anchoring, and
cooling systems.
3.1.2.1 First Design
-

No floating structure was considered in this design. The main structure was a
pole or a rigid structure coming from the bottom of the lake/sea. This option
seemed to very costly and did not utilize the biggest factor in this project
description.
- Gears as a rotation system is a
good solution to achieve high precision. Motors
are controlled by encoders to have a precise
positioning. On the other hand, price and
maintenance are big inconveniences.
- The
anchoring
system,
as
mentioned before, is based on a main pole and is
not what the floating solar park design should
focus on.
- The cooling system established in
this design was a coating method. This is a
passive method that means no extra energy is
required for cooling down the panels. The principal
inconvenience is the cost to replace them when
the coating is degraded from the sun’s radiation.
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3.1.2.2 Second Design
The second model is the simplest one. It consists of
a rectangular or square shaped platform so space is
better used to fit the most panels.

-

- HDPE blocks are the main component of the
floating structure. These are plastic boxes that resist
water, are good in low temperatures, and resist high
tensions. This material is commonly used to make
floating platforms, docks, or support boats or other
big machines in water.
- There is no fixed structure in this design so
the material needed will come from the structure
needed to support the panels. No external or central
frame is needed but that means there is not a
consistent reference point so positioning is not as
precise as in the first design. This rotation system is
quite cheap but the efficiency of the park will
decrease.
- The anchoring system is economical and
simple, but again, positioning is not accurate
enough and the connection to the grid can generate
problems while rotating this structure.
Forced air is the cooling system proposed here. Cooling with air is less efficient than
cooling with water but it requires less energy which is a major advantage.

3.1.2.3 Third Design
The third design has an external frame, first detailed as a
square frame, but during discussion evolved into a ring shape
frame. The main structure in the middle is where the panels
will be placed. The outside frame is a fixed structure and the
inside is the rotating structure.
- The floating system is the same as the second design.
HDPE cubes will be the base and support the whole structure
on top. It’s possible that too many cubes will be needed to
make it cost efficient, so the weight of this structure will be
important.
- The rotation can be done in many different ways such
as using gears, chains, or other methods. Positioning is going
to be precise because the frame will work as a fixed reference
and encoders can control the motors’s movement.
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-

-

The anchoring in this design is easy and cheap. Only the outside frame has to be
anchored. As this is going to be static, the chains connected to the anchors will not
interlace.
Spray could be the best cooling system for a floating solar panel park. As said before,
cooling with water is more efficient than cooling with air. For spraying, a pump is needed
to spray the water, but it only requires a low amount of water because it combines it with
air in high pressure. The water used can come directly from the lake or from a tank on
the structure. Additionally, the same spray system can reach more than one panel which
saves on cost, maintenance, and initial construction.

3.1.2.4 Fourth Design
The final design is more unique and required extra discussion. The triangular shape was not
easy to initially work with. Pistons, as rotation, also adds complexity.
- The floating structure has rubber
components that may have problems with ice
and corrosion because of the water and air
beating on it.
- Rotation can be very precise because
one of the three edges of the structure is fixed
and pistons, ropes, or chains pull or push the
other two edges to move the platform. The
main disadvantages are that a fixed system is
needed. With a fixed system, the design is
not taking advantage of the floating ability of
the design. This system is also not able to
turn the platform 300º as needed.
- The anchoring system goes with the
rotation system. Poles are needed to fix the
edges and that is an expensive solution
especially in water.
- Water trickling is the most efficient
cooling system for panels but also the most
expensive. Water falls down from all of the panels so tubs, valves, and sensors would be
required for each panel set.
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3.1.3

Decisions

After discussing these designs, the team found that some of the solutions were clearly worse
than others so the next step was narrowing down the options by getting rid of them. The
eliminated solutions are explained below.
-

The next designs will all be floating since that way it can take advantage of placing the
solar park on the water. The pole option is also more expensive and does not offer any
added advantages compared to placing the park on land.

-

The way to make the structure float will be by using HDPE pipes or blocks because inner
tubes can break easily.

-

In the case of having a static frame, the best rotation system is one based on gears
because it allows the platform to turn 360º and it is made of resistant materials. It also
allows the rotation to be very precise.

-

The platform structure will be made only of the rows that hold the panels instead of it
being covered completely between the rows. Full coverage would be an extra cost that is
unnecessary.

There was not a decision related to the cooling system as the relevant information to make that
decision comes from the energy balance and the working temperature of the panels. Any of the
options can be added to the final design if it is considered appropriate.

3.2

Three Detailed Designs

These three designs are not as detailed. This is because there was less time to go so in depth
into the way they would work and because they are mostly just a stepping stone used to
establish general ideas in the effort to keep narrowing the path towards the final design. These
ideas are mainly about the structure, the rotation system, the anchoring, etc. but not about the
kind of panels and systems added to increase the efficiency. Those can be added to any of the
designs later.
3.2.1

Details

3.2.1.1 First Design
The first design is quite simple, it is essentially a floating platform that holds all the panels and
can rotate to track the sun by using some kind of outboard system, either motors or jet skis. As
this rotating system does not need a immovable part, this design will not have any kind of frame,
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which implies that the anchoring point must be in the center of the platform so that it can rotate.
As there is not any limitation about the shape of the platform a square shape has been chosen
because it allows for the most efficient use of space.
Figure 30 below shows a sketch of the design where all the panels are fitted onto one platform
to create a 1 MW park. However, the panels can easily be divided into smaller platforms if it is
convenient. Also, the structure under the rows of panels that help to keep the structure rigid may
vary in case the calculations reveal that this is not the optimal way to configure them into a
square.

Figure 30. Sketch of First Design

Figure 31. Closer View of the First Design
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3.2.1.2 Second Design
The second design is based on having a steady, immovable platform that allows multiple
anchoring points to be possible and gives a stationary supporting point for the rotation system.
This stationary platform is in the middle of the park and the panels are placed on four circular
rotating platforms situated around the central one. The rotating platforms are linked to the
central platform by one beam under the water that allows them to rotate without separation. The
design is shown below in Figure 32. As it is shown, the motors are situated either on the tip of
the beam connected to the rotating platform or on the edge of the steady platform, provide the
rotation.

Figure 32. Sketch of Second Design

Figure 33. Detail of the Beams Connecting the Center Platform with the Rotating Platforms
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Figure 34. Closer View of the Second Design
In a similar way as in the first design, this can be divided in multiple smaller modules and even
the number of rotating platforms per steady platform could vary.
3.2.1.3 Third Design
This design has a stationary frame around a rotating platform that holds the solar panels. This
frame can be anchored easily and gives a supporting point for the rotation. In this case, only
normal motors are needed. They would be attached to the frame and something like a wheel or
a gear, on their axes, would be touching the side of the rotating platform so that when the
motors run the platform turns. Also some kind of bearings will be needed to keep the moving
platform in its place.
More than one of these structures will be needed to have a 1MW park, doing it in only one
structure would result in a huge platform that would experience many problems.

Figure 35. Sketch of Third Design
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3.2.2

Discussion

For this iteration, strengths and weaknesses of the designs were discussed. Table 11, 12, and
13 below present the strengths and weaknesses about each design.
Table 11. Strengths and Weaknesses of Design One
Design One
Strengths

Weaknesses

No frame

More difficult access

Best use of space

Rotation is not so accurate

Easy modularity

Difficult to connect to the grid

Easy to manufacture

Anchoring from center leads to the most
movement

Table 12. Strengths and Weaknesses of Design Two
Design Two
Strengths

Weaknesses

Small frame

Large beams to keep everything together

Fixed part can be anchored directly

Not very efficient rotation system
Modularity is not easy to accomplish
Many movable parts that can break
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Table 13. Strengths and Weaknesses of Design Three
Design Three
Strengths

Weaknesses

Very easy to anchor

Large and expensive frame

Easy access

Ice can cause problems between platform
and frame

Simple and accurate rotation system

Many movable parts that can break

Easy modularity
3.2.3

Decisions

The first design has a significant issue caused by forces of the wind and waves. As the
anchoring has to be done from a central point, the platform can not be prevented from rotating
when it is not desired. The outboard motors would need to be working almost all of the time to
correct the position, which would consume a lot of energy and would still be very far from a
perfect tracking system. Due to this, and considering that the other two designs solve that
problem easily by having a stationary part, this design was discarded.
The second design looks better, but there is something that may not be totally realistic: the very
long beams that keep the platforms together. The forces on the rotating platforms will probably
be too high to be resisted by only these long beams. However, the third design looks more
realistic in the way that it keeps everything together and, in general, is more feasible even
though the price may be slightly higher because the frame will have to be bigger.
To be more sure about this decision, all the designs should be studied more deeply and smaller
details should be analyzed. That would require a significant amount of work and time that is not
available, so the final decision was to go ahead with the third design. This will be the only
design that will be totally developed.

3.3 One Final Design Option
Finally, after several design discussions, one unique design was developed. This design
combines the best technology for all of the park components. The panels that are going to be
used are bifacial solar panels with mirrors attached and the platform structure will be based on
the previous design iterations Design Three. Each section going forward will explain the design
and the reasons behind the decisions made.
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3.3.1 Energy Increasing Systems and Estimation of Energy Production
In this section, different possibilities to increase the energy output will be discussed to help
decide what the best combination is and, along with an estimation based on climate and
surrounding conditions of the park, a final energy estimation will be calculated. But first, it is
necessary to gather information about how the bifacial panels and mirrors could work by doing
some testing.
3.3.1.1 Testing
For the testing phase of this project two multicrystalline silicon panels were used.
Table 14. Specifications of the Panels used for Testing
Peak Power (W)

10

Maximum Power Current (A)

0.57

Maximum Power Voltage (V)

17.49

Short Circuit Current (A)

0.61

Open Circuit Voltage

21.67

3.3.1.1.1 Test on Bifaciality
The objective of this test was to determine how much extra energy could be produced by
installing bifacial panels instead of conventional ones. As bifacial panels were not available for
this testing, the two panels described above were used. The experiment was done in different
locations in order to determine the difference in power output depending on the surface the
panel were placed on.
Description of the Test
To imitate the performance of a bifacial panel, the two panels were placed one behind the other
so that the one in the front was pointing to the sun (simulating the front side of the bifacial panel)
and the one in the back was pointing to the opposite direction (simulating the back side of the
bifacial panel). In addition to the panels, two multimeters and a decade resistor have were
used; the multimeters were used to measure current and voltage in order to know the power
generated by the panel and the decade resistor was used to set the resistance that allowed the
panel work at its maximum power point.
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The electric components were set up as follows:

Figure 36. Electrical Scheme of the Test on Bifaciality

Figure 37. Test on Bifaciality Setup
The electrical assemblage shown in Figure 36 was repeated for each of the two panels. Figure
37 shows one of the real-time tests being done.
Results
The following table details the results from testing the bifaciality in the multiple locations. The
voltage and current were collected during testing and the power and extra power gained were
calculated.
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Table 15. Results Obtained in the Bifaciality Test

Grass

Snow

Water

Mirror

Cloth

Voltage
(V)

Current
(mA)

Power (W)

Extra
power

Front

17,25

657

11,33

4,26%

Back

17,23

28

0,48

Front

17,79

649

11,55

Back

17,94

46

0,83

Front

17,94

475

8,52

Back

13,9

22

0,31

Front

14,44

447

6,45

Back

15,33

37

0,57

Front

14,44

447

6,45

Back

16

19

0,30

7,15%

3,59%

8,79%

4,71%

Analysis
The first conclusion of this test is quite obvious: the surface is relevant to determining how much
energy can be produced by the back side; the more light that is reflected by the surface, the
more energy will be generated. The capacity of a surface to reflect light is measured by the
albedo coefficient. This coefficient gives the relation between the amount of light reflected and
the amount of light striking the surface. The values of the albedo coefficient for different surfaces
have been measured in numerous studies and the results are quite different. However, it is still
easy to see the correlation between the albedo coefficient and the results of this test.
For instance, the highest results correspond to mirrors and snow, which also have the highest
albedo coefficients.
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Figure 38. Percentage of Diffusely Reflected Sunlight Relative to Various Surface Conditions
The above figure shows the differences in albedo coefficients.
Conclusion
As the solar park will be on the water, it is important to know how it influences the performance
of the bifacial panels. Water’s albedo coefficient depends on the angle the light strikes the
surface. The more perpendicular it is, the less light is reflected; that could be a good advantage
in such a northern location where the sun is usually very low in the sky. However, the back side
of the panels will not be pointing to the sun, but the opposite and, therefore, the light used to
generate electricity is diffuse irradiation coming from everywhere. In Figure 38 it is shown that
the percentage of diffuse light reflected by water is quite low compared to other surfaces. Also
found in the results of the testing, the relation between the back side and front side’s power
outputs on water (3.59%) is the lowest of them all.
Nevertheless, panel manufacturers claim that up to 30% more energy can be generated by
using bifacial panels and some studies show that these panels can produce between 10% and
20% more energy even on low albedo surfaces (Castillo-Aguilella & Hauser, 2016). Moreover,
this testing was done on sunny days where the fraction of diffuse irradiation compared to the
total irradiation was low; on cloudier days, the power generated by the back side will be closer
to the power generated by the front side.
As an estimation of the energy production increase is needed to decide about the bifacial
panels, a medium point between the diverse results will be considered: 6%.
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3.3.1.1.2 Test on Mirrors
Another method to increase the efficiency is the use of mirrors. They increase the surface where
the panel can receive light from the sun. As it is not clear what the real energy gain by using a
system of this kind is, a test has been done to find it out. The test is divided in three phases: (1)
a panel without mirrors is tested in the lab with a powerful lamp; (2) the same panel with mirrors
is tested under the same conditions; and (3) the results are analyzed and compared.
Materials used on the test include:
- 10 W solar panel
- 1000 W lamp
- Arduino uno board
- 2 arduino voltage sensors
- Resistor (26.8 Ω)
- Variable resistor
- Optical thermometer
Procedure
The following schematic shows how the test was set up.

Figure 39. Electrical Scheme for Mirrors Test
As a current sensor accurate enough to measure such small currents was not available, a
voltage sensor was used to calculate the current by connecting it to a resistance whose value is
known by applying Ohm’s law. Another voltage sensor measured the voltage generated by the
panel and a variable resistance was used to reach the maximum power point. Both sensors are
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connected to the arduino board, which was programmed to take measurements every second
and store the data on an SD card.
To measure the temperature, an optical thermometer was pointed to the center of the panel with
a variable frequency depending on the moment of the test and the measurements were noted
down manually. To make sure that the time the temperature measures were taken was
registered, a switch connected to the arduino was switched on every time the temperature was
measured and an indication of it is included in the data stored on the SD card. When the
experiment was done, all the data was analyzed using MatLab in order to draw plots and
calculate results.
Test Without Mirrors
The figure below shows both the power of the panel over time as well as the temperature of the
panel over time.

Figure 40. Plots Showing the Power and the Temperature During the Test Without Mirrors
As shown in Figure 40, the efficiency decreases as the panel heats up. The test was started at
25.8 ºC, where the panel was generating around 4.3 W, and the highest temperature reached,
when the temperature stabilized, was 66.7 ºC, and at that time the panel was only generating
around 3.8 W.
Test With Mirrors
The mirrors were set up as shown in Figure 41, forming an angle of 60º with the plane of the
panel. This way to set the mirrors was not chosen randomly, geometric calculations were done
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to find out that, when the total surface of the mirrors is the same as the surface of the panel (as
it is in this case), the right angle to distribute all the reflected light equally on the panel is 60º.
Thus, each mirror reflects the light to one half of the panel and the total surface perpendicular to
the light beams is increased by 50%. This also means that the amount of light which can be
converted to energy is increased by 50%.

Figure 41. Setup of the Mirrors for the Test
Again, the following figure details the power and the temperature of the panels during testing.

Figure 42. Plots Showing the Power and the Temperature During the Test with Mirrors
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Despite some fluctuations caused by an adjustment of the variable resistor, performance of the
panel (Figure 42) is quite similar to the test without mirrors described above. Starting at 25.8 ºC,
the panel generates around 6.5 W and as the temperature increases, the efficiency decreases
until the thermal balance is reached, at that point the temperature is at a maximum of 68.5 ºC,
and the power generated is 5.8 W.
Comparison

Figure 43. Plots Comparing Power and Temperature in Both Tests by Showing the Relation
Along the Time
In Figure 43, the beginning of the test is shown to generate 50% more power from the panel
with the mirrors. As the figure also shows, as the panels heat up the power gain will start to
decrease. This is because the panel with mirrors receives more light and, therefore, it gets hot
faster and reaches a higher maximum temperature, which reduces the efficiency of the panel.
To make an estimation of the extra energy that can be generated by using mirrors, a medium
increase of power was calculated. The data used to do this is the relationship between power
with and without mirrors but only from 1000 seconds until the end. After that point the
temperature is stable and that state can be considered as normal when the panel is working in a
real situation. The result is a 36.99% energy gain which will be the estimation used to decide on
the use of mirrors in this design.
It is also important to note what the temperature increase was when mirrors were used because
very high temperatures can reduce the life expectancy of the panels. The same way the extra
energy output was calculated above, it was found that the medium temperature increase when
the thermal balance was reached was a 3.88% increase. The actual difference between
maximum temperatures in both tests was only 1.8 ºC, which means that adding mirrors to the
solar panel park will not increase the temperature enough where a cooling system would be
required.
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3.3.1.2 Energy Estimation
Conventional Park
The first step is calculating an estimation of the energy output without considering the effects of
installing the park on the water and the extra energy output coming from the bifacial feature of
the panels and the mirrors installed. In order to do this a PV system was used. In this software it
is possible to introduce the characteristics of the solar power plant and climate data so that it
can simulate the performance during one year.
Table 16. Specifications in the Simulation of a Conventional Park
Characteristics
Panel Type

Panda bifacial 60 CL (without bifaciality) (330Wp)

Inverter

Ingecon Sun 1000TL U X400 Outdoor (1 MW)

Distance Between Panels

7.54 m (corresponding to spaced design)

Slope Angle

53º

Modules in Series

22

Number of Strings

138

Total Power

1002 kWp

Number of Panels

3036

Table 17. Results of the Simulation of a Conventional Park
Results
Total Production (MWh)

1297.8

Specific Production (KWh/KWp)

1295.2

Production Mar-Oct (MWh)

1212.4

Specific Production Mar-Oct (KWh/KWp)

1210.0

These results are better than the ones obtained in the section called “Placement of the Panels”
because in this case a bigger inverter of 1 MW was used instead of a small inverter for only one
panel. The more powerful inverters are usually more efficient because they are designed for
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large solar power plants where the smallest difference in efficiency matters. As an effective
method to keep the plant working during the winter has not been found, the production from
March to October will be considered henceforth.
Cooling Effect of Water
The humidity around the lake and the temperature of the water, which will be lower than the air
during the summer, will have a cooling effect on the solar panels that will increase their
efficiency. This is one of the main reasons to build a solar park on a body of water and it could
work especially well in Finland where there is still ice in the water during March and April so the
water stays cold for longer.
There is not information about the energy gain due to this effect specifically in Finland but, in
other locations, it is usually estimated that 10% more energy is produced due to the cooling
effect of the water (Rosa-Clot, M., Tina, M. G., 2018).
Bifacial Panels
As noted in the testing section, the estimation for the energy gained when using bifacial panels
is 6%, which is not so significant. Moreover, bifacial panels are more expensive than normal
ones, around 30% more depending on the quality. However, the cost of the panels usually
represents between 30% and 50% of the total cost and it could be even less in this case
because the floating structure will probably be more expensive than the structure of a traditional
solar power plant.
Thinking about it from that point of view, it is still not a good idea to increase the cost by around
9% (30% of 30%) to increase the income by only 6%. Nevertheless, there is an extra function
that could be utilized by using the bifacial panels that may make it worth it to have them instead
of conventional panels. During the winter months when ice does not allow the platform to turn
and snow may cover the panels, the park could be pointed to the north so that the back sides of
the panels can receive light, either directly from the sun or reflected off the ice (which has a
quite high albedo coefficient) or reflected off of the water (which also has a very high albedo
coefficient when the light is striking it forming a low angle which happens in the winter).
Working this way, the panels would generate some energy and would also heat up and possibly
help to melt some snow and ice so that the park can start to work normally earlier in the year.
This is a very innovative idea, so there is no information about how well this could work or how
much energy the park could generate by doing it. Therefore, as there is no way to make an
estimation of the energy produced, it will not be included in the energy estimation.
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Mirrors
Unfortunately, it is not easy to find information about how much energy can be gained by using
mirrors and the studies are always done with setups that are not applicable to this project. A
specific test was done for this specific project and the results look quite reliable. In the test, the
energy gain by using mirrors was 36.99% and this will be, going forward, the estimation in this
project.
The set up will be very similar to the one used for testing: one mirror of half the size of the panel
on each side of the panel, forming a 60º angle with it and reflecting the light of each mirror to
one half of the panel. The difference in shape comes in because the sun’s height varies over the
length of a day but the panels are not following that movement. Because of this, square mirrors
would not catch all the light when the sun is too high or too low for the panels. To make sure that
all the light coming from the sun, at any time, will be reflected on the mirrors a trapezoidal shape
has been given to the mirrors as shown in Figure 44.

Figure 44. Shape and Dimensions of the Mirrors
The area of one of these mirrors is 1.1 m2, so the surface of mirrors needed for each panel is
2.2 m2. The price of the mirrors is $2.2/m2, so the price of the mirrors for one panel would be
$4.84. The price of a panel is $66 so adding mirrors would add an extra 7.3% cost but almost an
extra 37% more of income, which make this option very convenient for this project. Adding
mirrors will also add costs to the structure but the margin is so wide that we can assume that it
will still be worth it to do so.
Cooling Systems
Cooling systems are also a way to keep the panels colder and increase their efficiency, but,
although they can be very profitable in hot climates for conventional solar power plants, they are
not so beneficial in this case. The reasons are two: Finland already has a cold climate that will
not allow the panels to heat up much and the water under the panels already has a cooling
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effect. This implies that the panels could not be kept much colder by adding cooling systems
and, considering the high energy consumption of this kind of system, it is very unlikely that it
makes the park produce an extra significant amount of energy.
To prove this, extra testing would be necessary. The team does not have the time nor the
resources for that, so it will not be considered in this project.
Conclusion
The following table summarizes the estimated energy outputs for the different design options.
Table 18. Specific Production of the Park for Different Setups
Setup

Sp. Production (kWh/kWp)

Only Normal Panels

1210

Panels on Water

1331

Bifacial Panels on Water

1410.9

Panels with Mirrors on Water

1823.5

Bifacial Panels with Mirrors on Water

1932.9

Even though the gain due to the bifacial feature is not much, it will be added to the park
because of its added winter function, explained above. On the other hand, mirrors are proven to
be worth it and will be added to the panels. By including all of these improvements the energy
production is 59.7% higher than in a normal rotating solar park on land. Comparing it to a solar
power plant without any solar tracking systems (energy production of around 865 KWh/KWp),
the efficiency gain is huge, 123.4%. This addition is in response to the necessity of getting the
maximum power from the panels in a place where the sun does not shine as much.
3.3.2 Frame and Structure to Hold the Panels
As explained in the previous chapter, bifacial panels are a great option for this floating solar
panel park. One of the first things to define is the way the panels will be fixed on the structure. A
frame is needed to hold the panels and also a resistant and stable structure is required to hold
them in position. The principal objective is to use as less material as possible, making sure the
structure is resistant enough to support winds of 140km/h and rigid enough to guarantee the
correct position of the panels.
The structure is composed of an aluminium frame set all the way around the panel without
covering any part of either side so that the panel can obtain as much light as possible. Four
tubular legs follow from the corners of the frame to the base and a rectangular flat bar is shaped
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to fix the legs to the floating pipes and cross-brade in case of wind or waves. The possibility of
using two legs per panel instead of four was discussed but stability is an important point since
the structure will lay on the water and will be in constant movement. After discussing and
calculating the shear stress and buckling potential with only two legs, it was determined that
using four legs is the best option.
The following figure shows the frame, legs, and attaching structure.

Figure 45. Diagram Showing the Leg Structure Supporting the Solar Panel
Mirrors are also added to the basic support structure. The principal idea is to attach them to the
panel frame so they can be as close to the panel as possible. To save material, mirrors will be
held up by the same legs as the panels, so as a result this structure will hold the panel and two
mirrors.

Figure 46. Diagram of Mirror Attachment to Panel Structure
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To calculate the dimensions of the legs, the total weight of one panel and two mirrors was
considered as well as the force of the wind blowing at 140km/h towards that surface. This was
done to determine the proper leg size in the case of a large storm or other such forces acting
upon this structure.
According to Engineering Toolbox’s Wind Velocity and Wind Load calculation webpage, the
equation to calculate wind load on a surface is Fw = ½ ρ v2 A, where Fw is the wind force (N), ρ is
the density of air (kg/m3), v is the wind speed (m/s), and A is the surface area (m2) the wind is
blowing on (Wind Velocity and Wind Load). For these calculations, a maximum wind speed of
140 km/hr was used and converted to 39 m/s to fit the equation’s unit requirements. This
maximum wind speed was determined by looking at the research done in Marco Rosa-Clot’s
book, Submerged and Floating Photovoltaic Systems, and taking the maximum wind speed they
predicted for floating solar parks on open bodies of water would experience (Rosa-Clot, 2018).
This maximum speed should never be exceeded and that’s why a maximum of this magnitude
was used. Using this equation, a wind force of 2270 N was calculated. This was calculated by
using the above mentioned wind speed, the full area of the panel, 2.487 m2, to make sure that a
factor of safety was included in the calculations, and a density of 1.2 kg/m3. This 2270 N wind
force was then projected horizontally at the panel and split into x and y components within in the
plane of the panel (tilted to 53o). In addition to the wind load on the panel, the weight of the
panel and mirrors also had to be taken into account. The weight of the panel and mirrors
themselves is 45 kg. To convert that to a force, that weight was multiplied by 9.81 m/s2. This
produced a downward force, due to weight, of 441.45 N. This force was also then split into x
and y components in the 53o angle plane of the panel. The following figures show the forces
acting on the panel and consequently its four legs. Figure 47 shows the wind and weight forces,
Figure 48 details their total combined components and the supporting reactions, and Figure 49
shows the consequent forces acting upon each leg.

Figure 47. Wind and Weight Forces on the Panel and Mirror Structure
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Figure 48. X and Y Components on the Panel and Mirrors and Supporting Forces in All Four
Legs

Figure 49. Forces on Each Leg from Wind and Weight of Panels and Mirrors
All design calculations were checked with MechaniCalc’s Beam Analysis Software (Beam
Analysis).
To complete these calculations, fixed ends were assumed, since the panel will be situated in a
frame which will then be welded onto the legs below it. Welds can generally be assumed to be
fixed ends in the case of static beam design. In total, there will be four legs, one on each corner
of the panel, to help stabilize it and hold it at the correct angle. With the given angle of 53o, the
relative height of the panel is approximately 0.8 m. For ease in construction and to allow some
air to flow beneath the panel, the front two legs will be 0.2 m in height and the back legs 1 m in
height. These leg heights were chosen rather arbitrarily, but are used in the following structural
analysis and work in the overall design.
Knowing the forces in the legs, the following structural analysis was done. Shear strength,
deflection, and buckling were checked in this analysis. The metal of choice for this design is

73
https://docs.google.com/document/d/11Xhl8Bdvx00NCpsIBYOsZIfOkXiQuGAleqaK9vp6yHM/edit#

74/148

5/10/2019

Final Project Report - Google Docs

aluminum due to it being lightweight, yet strong. To start, the characteristics of aluminum were
researched. The following table details the most important characteristics used in the analysis.
Table 19. Aluminum Alloy 6061 Characteristics
Aluminum Alloy 6061-T6
Characteristic

Value

Unit

Modulus of Elasticity (1)

69

GPa

Ultimate Shear Strength (2)

1.86 x 108

Pa

Density (2)

2700

Kg/m3

References: (1) (Modulus of Elasticity for Metals), (2) (TellSteel)
The first iteration of analysis was done on a 50 mm outside diameter (OD) hollow aluminum
pipe. Once the first check, shear strength, was done, it was clear that this pipe was over
designed for its use. With this knowledge, the second iteration was done with a 25 mm OD pipe
and this analysis is shown below.
Shear Strength
To check the shear strength, the shear due to the pressure on the leg must be less than the
ultimate shear strength of aluminum. This value would also, preferably, be around half of the
ultimate shear strength, meaning it has a factor of safety of 2. Shear stress is calculated by
dividing the vertical pressure by the area. The following MathCad screenshot details the
calculations done to calculate the shear stress.

Figure 50. Shear Strength Calculations
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As one can see, the maximum shear that these legs are going to experience is 7.653 x 105 Pa,
which is significantly lower than the ultimate shear strength of aluminum. This means then that
this is a safe size for the leg in terms of shear strength. If one were to continue to iterate, one
could find an even smaller pipe that could be used, but considering availability and price, pipes
much smaller than 25 mm OD are generally for specialized use and are not worth considering in
this analysis. The next two design checks are also done with the 25 mm OD hollow aluminum
pipe. This pipe has a wall thickness of 2 mm and is the piping that was chosen to be used for
this design.
Deflection
The maximum deflection in both directions in both the short legs and the long legs was
calculated next. The equation to calculate deflection is
, where P is the pressure (N)
exerted in the axial direction, L is the length (m) of the leg, A is the cross-sectional area (m2) of
the pipe, and E is the modulus of elasticity (Pa) of the material. The following MatchCad
screenshots detail the calculations done to estimate the maximum deflections of each leg in
both directions.

Figure 51. Deflection Calculations for Panel Legs
From this analysis, one can see that the maximum deflection in the x-direction is 0.057 mm and
in the y-direction 0.011 mm. These both come from the longer back leg, which is
understandable. To make sure that these deflections are acceptable for aluminum, the equation
L/150 is used (The Aluminum Association). This equation comes from The Aluminum
Association’s Aluminum Design Manual. This value, L/150, is the maximum deflection that
would be acceptable for an aluminum member. The following table, Table 20, details the
possible deflections, the ultimate deflections allowed, and if they pass the analysis.
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Table 20. Maximum Deflection Check
Member

Possible Deflection
(mm)

Maximum Allowable
Deflection (mm)

Pass?

Short Leg – X Direction

0.011

1.33

✓

Short Leg – Y Direction

0.002

1.33

✓

Long Leg – X Direction

0.057

6.67

✓

Long Leg – Y Direction

0.011

6.67

✓

The size of the legs will be sufficient when it comes to the possibility of deflection. The legs
should not deflect past a recoverable amount. This, again, confirms that the chosen 25 mm OD
aluminum pipes will be sufficient for the possible loads the legs could experience.
Buckling
This factor is arguably the most important when designing a column or leg such as this. The
following math details the calculations done to estimate the critical pressure that would make
the legs buckle and fail. The critical pressure, Pcr, is defined as
, where E is the elastic
4
modulus (Pa), I is the moment of inertia (m ), which is defined for a circle as I = ¼ π r4, k is the
column effective length factor, which in this case is 0.5 due to both support ends being welded,
fixed ends, and L is the length of the column (m).
The moment of inertia for this size of pipe is 1.917 x 104 mm4 or 1.917 x 10-8 m4. With this
calculation done, the critical pressure is easy to calculate. The critical pressure for the short legs
is 1.305 x 106 N, which is more than the 110.59 N being exerted on them, meaning the short
legs will not buckle. The critical pressure for the long legs is 5.22 x 104 N, which is also more
than the 110.59 N force acting on them, meaning they will also not buckle with the proposed
load.
With these three main structural analyses done, one can see that using a 25 mm OD hollow
aluminum pipe with a wall thickness of 2 mm will be sufficient for all four legs of this structure.
Like mentioned before, going smaller would increase the price and would not be as common of
a pipe size, leading to this being the final design choice even though it is fairly overdesigned.
Once the structure to hold the panel was designed, it was clear that four legs were better than
two, meaning the final design would need to include two beams underneath the panels to span
the width of the circular park. Using structural steel for the beams would be the only option to
hold that much weight, but would also add a very significant amount of weight to the structure as
well. Since weight was going to be an issue, floating pipes were designed to hold up the panel
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structure instead. The design of these pipes will be detailed later. The two pipes, however, will
float freely if not attached to one another, so a cross-bracing system was designed to keep the
two floating pipes per panel row together.
As mentioned previously, Finland houses many lakes of different sizes and shapes. It is
common, though to not have large waves on these lakes and it will be even less likely if a large
floating structure is to be put in it. The largest forces creating these waves are wind and change
in depth. With most lakes in Finland being shallow in nature, average depth is 7 m, this, again,
decreases the likelihood of experiencing large waves (Finnish Lakeland, 2019). The significant
wave height for most lakes is approximately 1.4 m, which will be decreased by the factors
mentioned above (Finnish Lakeland, 2019).
Overall, waves are not going to create a large force against the structure of the panel park. The
outside frame should act as a buffer to most of the waves. However, cross-bracing will be added
in between the two floating pipes to make sure that those lines stay rigid and hold the panels in
place. The cross-bracing will look as follows:

Figure 52. Cross-Bracing Design
This design comes from the book Submerged and Floating Photovoltaic Systems (Rosa-Clot,
2018). Many designs that utilize two floating pipes like this design does, also utilize
cross-bracing such as this. The authors of Submerged and Floating Photovoltaic Systems used
this cross-bracing setup after designing for small waves in open bodies of water (Rosa-Clot,
2018). Due to this, it is the team’s belief that this will also work for this design. Wave dynamics is
beyond the scope of the team’s knowledge and is something that will need to be researched
and referenced separately, hence the use of the cross-bracing design from the Submerged and
Floating Photovoltaic Systems.
In addition, this cross-bracing will also help with wind bracing. The best three forms of bracing
for wind are (1) knee bracing, (2) k-braces, or (3) cross-bracing (Wind Bracing). The design
incorporates the third form, cross-bracing, which means that this structure will be able to
withstand moderate amounts of waves and very strong wind.
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This cross-bracing will be constructed out of aluminum, just as the frame is to make sure that
consistency is had. This also keeps the structure as light as possible and allows it to all be
welded together. The cross-bracing size will be 40 mm by 3 mm and will span the lengths
shown in Figure 52 above (Gah-Alberts…). This length, in total, is approximately 5.4 m. This is a
common aluminum flat bar size and will be sufficient to withstand waves on lakes. This would
not be transferable to the sea, however.
The following figure shows the entire panel and mirror set as well as the structure needed to
hold it up and in place.

Figure 53. Diagram of the Solar Panel, Support Structure, and Mirror Attachment
With the panel support structure designed, a final weight and buoyancy requirements could be
calculated.
3.3.3 Floating Structure and Calculations
With all of the above components included, the total weight of the structure was calculated. This
“structure” is defined as a 100 m diameter modular circular design. The idea was to make a 100
m (a size that seemed manageable) diameter design that is modular and can be used in
multiple locations across Finland. In the case of a 1 MW park, eight of these circular modules
would be needed to produce slightly more than 1 MW. All of the design parameters have been
sized to this modular 100 m size. One 100 m module holds 417 solar panel and mirror
combinations on it, with each row holding a different amount as you start in the front and go
back. The number of panels per row is as follows:
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Table 21. Panel Row Dimensions

In total, there are 14 rows. The number of panels per row and the row lengths were calculated
to optimize as much area as possible. Like mentioned, this design can hold 417 panel and
mirror sets. More of these modular structures can be added to increase the amount of energy
produced. For the design calculations, only one modular structure is modeled. All modular
structures would be a copy of this design.
The following table details the weights of the major components per set. A “set” is defined as
one solar panel and mirror pairing. In total, there are 417 “sets” on each park structure.
Table 22. Weight of Components of Structure per Set
Component

Weight (kg)

Panel

23

Mirrors on Both Sides

22

Weight of the Frame for Each Panel
Set

2.68

Panel Structure Legs

0.94

Cross-Bracing Between Panel Floats

1.75

Total

50.37

The table above, Table 22, details the weight of each panel set, so to find the entire weight for
the panels, mirrors, and support structure, the total weight needs to be multiplied by 417. In
total, the entire weight of the panels, mirrors, and support structure is 21,001 kg or 21 tonnes.
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To make the structure float, HDPE cubes were also considered during the initial research, but
due to the cost and the enormous amount of cubes that would be needed, the final design uses
an alternative. Long pipes that can be directly extruded on top of the water, made with the same
material, HDPE (High-density polyethylene).

Figure 54. HDPE Pipes Used in the Construction (Alibaba, 2019)
The quantity of pipe needed for one platform is calculated using the Archimedes’ principle and
the buoyancy force.
F B = m g = ρf g V d
FB: Buoyancy force.
m: Mass of the element.
ρf: Fluid density. (Water at 4ºC has a ρf = 1g/cm3 = 103kg/m3)
Vd: Displaced fluid volume.
The total weight of the panels is 9,519 kg and the weight for the mirrors is 9,174 kg. The
aluminium structure, in total, weights 2,236.14 kg.
To know the weight of the pipes, first of all, an estimation of the volume is needed. A tubular
section of rext =0.28m and rint =0.2586m is considered. The perimeter of the rotating platform is
2πR = 2*π*50 = 314.2 meters. The panels will be placed in 14 rows of different lengths as
shown in table 21, with a total of 1,047.535 meters of pipe.
The total volume of pipe used in one of the platforms is:

[

] [

]

2
2
V = A * L = πRext
− πRint * Lperimeter + Lrows = 0.036192 * [314.2 + 1, 047.535] = 49.284m3

The density of the HPDE is 960 kg/m3
mHDP E = 49.284 * 960 = 47, 312.64 kg
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The mass of structure is 47,668.03 kg, that can be approximated to 50 tonnes.
V displaced = V pipe air =

m
ρw

=

50,000
1,000

= 50m3

2
2
3
V pipe air = πRint
* L = π0.2586 * 1, 361.735 = 285.94m

The volume of air in the pipes for this estimation is way larger than the volume needed for
buoyancy. Due to this fact, the cross-section of the row pipes can be reduced. For the perimeter
pipe only, the volume of air in the pipes is:
2
2
3
V pipe air = πRint
* LP = π0.2586 * 314.2 = 65.977m

That is enough to make the platform float. Finally the panel rows will have two pipes with an
inner diameter of 0.15m. The same calculations have been done for the longest row of panels to
check buoyancy.
1,945
m
ρw = 1,000
2
πRint
*L=

V displaced =

= 1.945m3

V pipe air =

π0.152 * 100 * 2 = 14.13m3

As it is shown in the previous equations, the volume of air in the pipes is 7 times larger than the
needed for buoyancy and it guarantees the water will not cover the whole pipe so the aluminium
structure will be always above the water level.
The final weight needed to then be calculated for the entire structure. The floating piping going
around the entire structure will be 280 mm OD HDPE pipe. This is going to be used to hold the
structure up as well as be the outer ring that is being rotated. This same kind of pipe will be
used on the outside ring of the structure and act as the frame, but is not included in the weight
calculations here since it does not affect the weight of the main structure. In total, this outside
pipe weighs 34.74 kg/m. With this being the outside pipe, the length of this will be 314.16 m
long. In total, this outside pipe will weigh 10,915.25 kg or approximately 10.9 tonnes. This pipe
adds significantly to the total weight of the structure.
The piping being used to hold up each row of panels is also going to be made out of HDPE, but
will have a 180 mm OD. Each row is made of two floating pipes and consequently, the meters
needed for each row is double the length of each row, shown in Table 21. The total meters
needed for the whole structure is 2110 m. With this in mind, the weight for the floating pipes is
15,752 kg or approximately 15.75 tonnes. This, again, adds a significant amount of weight to the
total weight of the structure. Together the floating piping weighs 26,667 kg or 26.7 tonnes.
Adding the weight of the floating pipes and the weight of the structure together, the total circular
structure weighs 47,668 kg or 47.7 tonnes. With this weight, the buoyancy can be calculated
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and checked. If the buoyancy is not enough, the floating pipes will need to increase in size to
accommodate the weight of the structure.
3.3.4 Anchoring
The anchoring system for such a large structure also has to be quite large. According to multiple
different sources (Rosa-Clot, 2018 and How to Anchor a Dock System) stringing anchors from
the sides of the structure outwards will keep the structure in place most securely. With a large
percentage of Finland’s land being organic in nature and another large portion being peat or
clay, it is likely that the anchor will sink deep into the soil and hold the structure securely
(Ministry of Agriculture and Forestry of Finland). This means that most anchor options would be
acceptable for use. To save on cost, a basic concrete block anchor will be used.
In doing research on common offshore anchoring systems, it is clear that a triangular shape
anchoring method that spans outward is common. This is also seen in the book Submerged and
Floating Photovoltaic Systems. This type of anchoring is practical in many situations since it is
usable when water depths vary, when there are large horizontal forces such as wind, and is very
precise since it keeps the structure pulling on multiple chains to help keep it in the right spot
(Rosa-Clot, 2018). The following figure, Figure 55, details the idea.

Figure 55. Anchoring System Design
According to a service provider at ChainsRopes&Anchors.com, the basic guide for sizing an
anchor is that 1.5 kg is needed for every meter in length that your boat is. Since this is not a
regular boat shape, it was advised to multiple this 1.5 kg/m rule by both dimensions of the
structure (Chains, Ropes, and Anchors). This would mean multiplying 1.5 by 100, twice. This
was not all, however. Since this structure is also (1) heavier than an average boat, (2) wider
than normal, (3) blunt in shape, not streamline, (4) will be held in the water for an extended
period of time, and (5) is utilizing an old anchor design the basic guide should be increased
(Chains, Ropes, and Anchors). For each added design “flaw”, in this case 5, the guide should
be increased by 0.25 kg/m (Chains, Ropes, and Anchors). So the guide for a structure with our
characteristics would be 2.75 kg/m. With this in mind, that guide number was them multiplied by
100 m and by another 100 m to account for the circular shape. In total, the structure would need
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27,500 kg of weight below the surface. Additionally, when weights are put into the water, they
“lose” approximately ⅓ of their weight meaning the total weight needed for this structure would,
in fact, be 36,667 kgs (How to Anchor a Dock System). Dividing this by three, since a triangular
shape anchor system was tested to be the best design, the weight per anchor would need to be
12,222 kgs (Rosa-Clot, 2018).
To calculate an approximate size for the concrete anchors, the required weight was divided by
the density of a normal concrete, 2300 kg/m3, to get an approximate volume of concrete
needed. In this case, the required volume would be 5.314 m3 per concrete block. Any number of
shapes could be done to make a concrete block of this size, but an easy size that would give a
volume over the requirement would be a 2 m x 2 m x 4 m block. With three of these concrete
block anchors, the structure should stay in place even with strong winds. And like mentioned
above, the anchors will be able to hold better as time goes on.
An anchoring system is not just the anchor, though. To hold the concrete blocks to the chains
being used and to hold the chain to the floating structure, six carabiners will be used. The chain
being used is a Nickel Chromoly Steel Alloy. This steel is being used because it is a common
chain type and is very good in water (Nickel Alloys). Chain length for anchoring should be
approximately 2-3 times the depth of the water. The average depth of lakes in Finland is 7 m, so
for an average lake, the length of chain needed would be approximately 17.5 m and 52.5 m
when considering all three chains being used (Finnish Lakeland, 2019). The deepest lake in
Finland is Päijänne, with a depth of 95.3 m, which would require a chain length of approximately
238 m and 715 m in total (Finnish Lakeland, 2019). For further estimates, a smaller chain length
will be used, since an average lake is a likelier location for this solar panel park than the
deepest lake in Finland.
To determine the chain strength that is needed, the wind force will again be considered. The
wind force pushing on one panel was 2270 N. If that is multiplied by 40, the largest possible
panel area the wind would hit, the total force on the structure due to wind would be 90.8 kN.
There will likely not be a time that one chain should be holding the whole structure in place,
since the anchors will be placed in a triangular formation, but in that case each chain will be
sized to approximately a 90.8 kN strength. This gives the entire structure a factor of safety since
one chain will not be doing all of the holding all of the time.
3.3.5 Rotation system
The solar panel park is designed on a tracking system to face the panels directly to the sun for
every moment of the day. The platform of 100 meters diameter will rotate with the same angular
speed as the earth’s rotation ( ω = 7.26 * 10−5 rad/s = 4.16 * 10−3 m/s ). The rotation system is
based on a gears connection where a hydraulic motor, because of the low speed and high
torque needed, will impulse a worm gear that will move a bigger gear in touch with the external
perimeter of the rotating platform.
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To determine the exact motor and the gear dimensions it is important to know the torque needed
to rotate the platform. To do this, the body of inertia of the platform, the friction resistance with
the water and the possible inertia of added mass, have to be considered.
As a simple approximation, the rotating platform as a whole is a cylinder of 100 meters diameter
and 50 tonnes of weight. The inertia of the platform would be the following:
I z = 21 mR2 =

1
2

2
2
2
* 50, 000 * 50 = 62, 500, 000 kg m / rad

To calculate the friction resistance between the structure and the water a flux analysis was
done. The calculation will consider the friction on the outer perimeter of the rotating structure,
simulating again the structure as a big cylinder. Every 10 meters of the perimeter surface can be
considered as a flat plate sliding over a fluid.
The speed of every plate will be the linear speed of the
external points of the cylinder due to the rotation:
U = 7.26 * 10−5 * 50 = 3.63 * 10−3 m/s
ρw = 103 kg /m3

ν w = 10−6 m2 /s

The Friction resistance equation for a flat plate sliding
over a fluid is the following:
F F = Aplate * C D *

1
2

* ρw * U

2

Figure 56. Flux Analysis Sketch
The sheet area is 15m2 and the only variable left to calculate is the drag coefficient (CD). This
value depends on the type of surface layer created. It can be laminar or turbulent and that is
determined by the Reynolds Number:
Re = (U * L)/ν = 3.63 * 104 < 3.2 * 105 → Laminar layer
1
C D = 1.3/Re 2 = 0.00682
With all of these values, the friction force between the platforms surface and the water can be
calculated:
F F = 15 * 0.00682 * 103 * (3.63 * 10−3 )2 *

1
2

= 6.7 * 10−4 N

This value is rather insignificant compared to the inertial moment calculated previously.
The added mass of a body moving in a fluid is a common issue to consider because the object
and surrounding fluid cannot occupy the same physical space simultaneously. For simplicity this
can be modeled as some volume of fluid moving with the object, though in reality "all" of the
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fluid will be accelerated, to various degrees. In our case the rotating speed is so low that it
makes this phenomenon disregardable.
To summarize, the total torque needed to turn the platform is mainly the torque due to the
inertia, this will be called as Mout.
M out = M in * i * η

M in → input torque given by the gears system

i=

Rdriven
rconductor

η → depends on the f riction
Usually mechanical systems have a rendiment around 45%. In this case, having a floating
platform on the water considerably reduces friction in the system. The rendiment considered for
the following calculations is 75%.
The ratio i is given by the relation of the radius between the platform and the conductor gear
that will have a primitive diameter of 0.6m. The resulting relationship is:
i=

50
0.3

= 166.66

The torque needed to rotate the platform is:
M in =

62,500,000
166,6*0,75

= 500, 000 N m

And the rotation speed of the conducting gear in rpm has to then be:
nin = i * nout = 166.6 * 6.93 * 10−4 = 0.1155 rpm
To generate this torque and speed a slew drive system will be installed with a hydraulic motor. A
slew drive is a gearbox that can safely hold radial and axial loads, as well as transmit a torque
for rotation. The rotation can be in a single axis, or in multiple axes together. Slew drives are
made by manufacturing gearing, bearings, seals, the housing, the motor and other auxiliary
components and assembling them into a finished gearbox. Figure 57 shows how a slew drive
looks inside the housing.
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Figure 57. Slew Drive with an Open Housing.
The outside ring of the slew drive should provide a torque value of 500 kNm and a rotation
speed of 0.12 rpm. From the catalogue of the company TBG, the next model can be determined
to be a TGE1050 with a gear ratio 150:1, and efficiency 40%. In this case, the motor should
provide the following torque and speed:
M motor = M in / (i * η ) = 500, 000 /(150 * 0.4) = 8, 333.33 N m
nmotor = nin * i = 0.12 * 150 = 18 rpm
The type of motor that will be used is a hydraulic motor. Electric motors can generate
tremendous amounts of torque without the losses associated with torque-multiplying gear
systems. The problem is, however, that the size of these high-torque electrical motors is
impractical for use on construction equipment. Hydraulic motors can generate equally
tremendous amounts of torque at a fraction of the size. Hydraulic motors can work in places that
electric motors cannot. They are ideal for many of the rugged environments and working
conditions faced by construction, mining, and agricultural equipment on a daily basis. Under
certain conditions, hydraulic motors are even considered much more efficient than electrical
motors. This is explained by Dr. McCaslin in Heavy Equipment 101, 2018.
The next figure shows the entire rotation system for the structure.
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Figure 58. Rotating System.
To power the motor, a hydraulic group is needed. This is a pump moved by an electrical motor
that puts pressure on the hydraulic fluid so that it can move the motor. The power of this
machine will not be as high as the motor’s because its maximum power will never be needed as
the movement required is really slow. To make sure it is not affected by changes in the
production of the plant, the electrical connection will be done on land to the electrical grid
instead of to the output cables of the park. This connection will be done through cables under
the water along with the power cables coming from the panels to the inverter.
A control system based on a Programmable Logic Controller (PLC) will be needed to make sure
that the motor moves in a way where the panels follow the sun. This will also be placed on land
and connected to the motor with subaquatic cables.
3.3.6 Connection to the grid
The inverter needed to connect the park to the electrical grid will not be part of the modular
design but will chosen depending on the actual size of the whole park. This is because it is
cheaper and more efficient to have only one (or a few if the park is so large that there is not as
powerful of an inverter) and it will be placed on land. Having the inverters on the floating
platform would add a significant amount of weight and would require more buoyancy.
Some cables will connect the panels inside the platform in a way that the maximum voltage fits
with the inverter. This connection will be made using combiner boxes, which will include
switches that allow the disconnection of the plant and protect the installation in case of a
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short-circuit. They also may include some monitoring features, if it is appropriate. The boxes will
be placed in the center of the platform and, from there, one cable will transport the electricity
under the water to the inverter.

Figure 59. Platform for Combiner Boxes.
Depending on the location, if there is not access to the low voltage grid, it may be necessary to
have a transformer that increases the voltage to that of a high voltage grid and even a short
power line if the connection point is far from the power plant. This extra cost will not be
considered in this project due to the fact that there is not a chosen location. This is an important
factor, though, when deciding about the best place for the power plant since the cost could be
significant.

3.4

Final Design Conclusions

Concluding the design of the floating solar panel park, the main structure will be based on a
circular platform of 100 meters in diameter surrounded by a second pipe structure that acts as a
frame. The frame will be anchored and has the purpose of being a fixed base for the main
platform to rotate within. The anchoring system is basic in that three blocks are to be used. The
chains will start from the sides of the frame and span outwards creating a triangular pattern. The
rotating equipment will be placed on the outside frame structure. This includes a slew drive
system, a hydraulic motor, and many gears to get the required torque and speed.
The inner platform will be formed by a perimetral structure of pipe and steel. This will be in
contact with the gears from the rotating system. Bifacial panels will be used to increase
efficiency, most specifically in the winter. There will be 417 panels on each circular module and
each panel will have two trapezoidal mirrors on each side of it. The panels will be placed in 14
rows, each one 7.54 meters away from the next one. Rows will have two lines of pipe and
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panels will be placed on top with an aluminium structure with 4 legs. The aluminum legs holding
up the panels will be 25 mm in outside diameter and will be 0.2 m tall in the front and 1 m tall in
the back. In addition, aluminum flat bar, size 40 mm x 3 mm, will be used as cross-bracing to
hold the two lines of pipes together. Mirrors will be added to the panel structure with a special
frame designed to position them at the correct angle. The pipes on the perimeter of both
structures will have an outside diameter of 0.28m and the pipes in the rows will have an outside
diameter of 0.18m.
In the middle of the rotating structure there will be a small platform connected to the row of
panels in front. This platform will contain all of the electronics that the panels need and will
connect all of the rows with the grid.
To guarantee that both platforms work concentrically, several wheels that come out from the
frame will be in constant contact with the perimetral inside structure.
All the renders have been done with the modeling program NX12 from SIEMENS. The figure
below (Figure 60) shows the complete design.

Figure 60. Floating Solar Panel Park Design
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