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And the following figure shows the complete design in more detail.

Figure 61. Floating solar panel park detail
Now that a design has been chosen, multiple feasibility studies were done to prove the design
will work.
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4.

Feasibility Studies

4.1

Economic Analysis

Long-term investment decisions are always exposed to high risk in a nowadays highly disruptive
world with tremendous technological advances. Similar to the deflationary behavior, you will
never know if a more effective, cheaper solar panel will be released tomorrow, based on the
record-breaking news on the efficiency of solar cells. We are now living in a time when every
investment consideration should include the aspect of sustainability and moral acceptance.
Nevertheless, the salvation of the planet must still be reconciled with the profitability of a
venture.
Based on the technology, functionality and design of the solar park, it has been demonstrated
that it is technically sensible to focus on renewable energies in Finland, especially photovoltaic
technology. The question, which still has to be answered is the one about the feasibility of the
project. For this purpose, the investment theory, including the meaning and purpose of the
calculation interest rate, opportunity costs and the types of advantageousness will be briefly
explained.
Subsequently, basic data necessary for further calculations are presented and the calculation
methods which were used are explained more specifically. The comparisons will be based on
the net present value method, the dynamic amortization calculation, the return of investment
and return of equity. The various options for raising capital will not be discussed in the further
course, since it depends heavily on the respective company and the team was not provided with
any detailed data in this regard.
While financing-theory sheds light on how to raise funds, investment theory analyzes the use of
finance. An important aspect in the investment theory, which will lead us to the advantage of
investment projects, is the calculation interest rate. (Konstantin, 2017) The calculation interest
rate is determined in this case with the WACC, the weighted average cost of capital method,
and uses values which are common in the energy sector in the field of renewable energies.
(WKO, 2019) According to the WKO the income tax rate for Finland is 20%.
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Table 23. Weighted Average Cost of Capital for the floating Solar Park (based on Konstantin,
2017)

Another known method is the opportunity-cost-principle (Wirtschaftslexikon, 2019), which
basically has the same ulterior motive. Opportunity costs are costs that did not arise due to the
decision for another project. Investment projects with a positive net present value thus generate
a return that is above the minimum return expected by investors or above the return of an
alternative project. If there are no alternative projects, one uses investment options such as
average returns of stock indices or industry-standard values, if they exist.
The net present value is the monetary value which, after taking into account all deposits,
disbursements and the minimum return on investors (according to Table 23 adjusted for
inflation) at the end of the project life cycle.
This brings us to the already mentioned advantages of investment projects. If the net present
value of an investment is positive, this is called absolute advantage. This means that the
investment itself is worthwhile in principle. However, in order to make an informed statement or
decision, one should compare its investment plans with other investment alternatives. If the
capital value of the planned investment is the highest value in comparison, this is called relative
advantage.
4.1.1 Basics of Upcoming Calculations
The basics of the following calculations, comparisons and values provide the total investment
costs of the project, as well as the fixed operating costs, which can change depending on the
investment choice by interest on borrowed capital and the yield of the solar power plant.
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Another point of discussion was the question of the lake area. However, the decision between
leasing and the purchase of the required area in ha was cleared very quickly, as it could be
shown that after 7 years, leasing would be more expensive than the purchase of the area for the
rest of the life cycle of the park. (Stewart, 2018) Based on the lack of information in relation to
the costs of the lake, the comparison was made with the farmland area in Finland which,
according to C. Stewart and A. D’Amore stated in the press release from eurostat in 2018 is
10.000€ /ha to buy and 225€ /ha for leasing.
Table 24. Material & cost list of the floating solarpark

Table 25. Fix operating costs

Table 26. Proceeds per Year

In order to have a rough comparative value, the coming capital values are compared not only
with each other, but also with the Return of Investment (RoI) from the investment in
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conventional bank accounts with an inflation-adjusted interest rate of currently -1,52%
consisting of - 0,40% ø deposit rate (Suomen , 2019) and 1,12% inflation (Triami, 2019).
In order to take into account the performance of the money in the 30-year life cycle, the pure
investment costs are compounded using the following formula.
K n = K 0 * (1 + i)n
The annual charges are compounded and summed up according to the following formula.

Kn = g *

(1+i)n −1
i

The sum of these two values is the monetary value at the end of the project term and
corresponds to a RoI of - 30% compared to the total investment.
The net present values, which are compared below, are calculated according to the following
formula:
n

C 0 = − A0 + ∑ (E t − At ) *
t=1

1
(1+i)t

Furthermore, it is calculated from when the respective variant of the investment pays off, i.e. has
repaid itself. As a rule, in projects, payback periods are specified by the management in the
context of which the project must be at the end. On the basis of the dynamic amortization
calculation, the loss of value can be included in long-term projects. The amortization in this case
is calculated as follows.

td = Y earscompl + (Investment − Returnscumulated ) *

Y earsstarted − Y earscompl
Surplusstart + (Investment−Returnscumulated )

Before we come to the comparisons, we look at the calculation of the return on investment and
return on equity.
RoI related to the complete Project Duration:

RoI =

N et P resent V alue
Costs of Investment within 30 Y ears

RoI within 1 Year:

RoI =

Revenue−Depreciation
Costs of Investment

RoE within 1 Year:

RoE =

Revenue−Depreciation−Dept costs
Equity
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In the following, a pure equity financing, as well as a pure debt financing, a mixed financing of
equity and debt in order to use the leverage effect and financing with the help of subsidies will
be closer illuminated.
4.1.2 Equity Financing
The advantage of equity financing is a low risk of over-indebtedness, no interest and repayment
installments, and the financial independence from credit institutions (Exporo, 2019). The
problem with equity financing, on the other hand is, that normally a high risk premium will be
demanded by the equity holders and the equity ratio drops sharply. Furthermore, the fixed
assets should be permanently covered by equity in a company. Equity financing should ideally
be made possible through internal financing, i.e. through the retention of profits, since external
equity capital increases often produce a negative signal effect on the equity investors.
Due to the presumably higher risk premium for equity financing, the actual capital value would
be lower than stated here. The amortization would be in this case 21,90 years, as can be seen
in the second graph.

Figure 62. Net present Value of Equity financing
Based on the net present value of 178.168,34€ the RoI related to the complete project duration,
the yearly RoI and the RoE are as follows.
RoI (project) 18,68%
RoI (yearly) 7%
RoE
6%
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Figure 63. Dynamic Amortization on pure Equity Financing

4.1.3 Debt Capital Financing
(Noreisch, n.d.) In pure debt financing, the investor is not involved in the profit and is only
interested in the payment of interest. Thus, debt capital contains a decision independence in
comparison to the equity financing with participating equity holders.
Borrowed capital is limited-term capital and therefore limited in time, but the borrowing costs can
be deducted for tax purposes.
The following charts show how pure debt financing affects the net present value and the
amortization.
Calculated in the way above mentioned, the RoI related to the 30-year lifecycle and the RoI per
Year are as follows.
RoI (project) 10,01%
RoI (yearly) 6%
As in the Figure 65 can be seen, the payback time for this variant is 24,97 Years. The net
present value is compared to the equity financing with 95.489,67€ already lower but still bigger
than 1, which means, the investment is still be placed in the section of absolute advantages.
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Figure 64 . Net present Value of pure Debt financing

Figure 65 . Dynamic Amortization on pure Debt Financing
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4.1.4 Mezzanine Financing
The biggest advantages of mixed financing or mezzanine financing are the avoidance of the
negative influences of the previous financing options and in particular the utilization of the
leverage effect. As long as the RoI is higher than the debt interest rate, it is worthwhile to
finance with higher debt to increase the equity ratio for the owners and thus the potential
payout. (Konstantin, 2017) In the renewable energy sector, equity requirements for loans vary
between 20% - 30%. In the following calculations 30% Equity was used. RoI and RoE are as
follows.
RoI (project)
RoI (yearly)
RoE

11,44%
6%
19%

The following two figures below show the net present value and the payback time of the
mezzanine financing and the difference to pure equity and debt financing can be seen.

Figure 66 . Net present Value of Mezzanine Financing
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Figure 67. Dynamic Amortization on Mezzanine Financing

4.1.5 Financing with Subsidies
Finally, the renewable energy sector allows us to count on possible state subsidies, which
makes investment projects even more interesting. In Finland, subsidies of up to 30% can be
expected in the renewable energy sector (IEA, n.d.). To make the influence of subsidies clear,
this value was chosen below. Due to the requirements of 20% - 30% Equity, 30% Equity and
40% debt capital were used in the calculation. The final results will probably lower due to
subsidies below 30%. Due to the subsidies, the starting investment is 30% lower compared to
the financing methods before. This leads to an impressive change in the RoI and the RoE.
RoI (project) 63,63%
RoI (yearly) 14%
RoE
31%
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Figure 68. Net present Value of Mezzanine Financing

Figure 69. Dynamic Amortization on Mezzanine Financing
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4.1.6 Conclusion
On the basis of the table below, it can be seen how the type of financing affects which aspect.
Based on the financial decision criteria of profitability, independence, liquidity and security,
different financing strategies can thus be developed for further strategic management decision
making. Based on the formula r =

C i1 *i2 −C i2 *i1
C i −C i2

the internal rate of return, which could be expected,

is also added in the table below.
Table 27. Influences by financing options to different key figures
Financing
Variation

Net Present
Value

Payback
Time

RoI
(Project)

RoI
(Yearly)

RoE

Int. rate
of return

Equity Financing

178.168,34€

21,90
Years

18,68%

7%

6%

5,96%

Debt Capital
Financing

95.489,67€

24,97
Years

10,01%

6%

-

5,27%

Mezzanine
Financing

109.159,38€

24,41
Years

11,44%

6%

19%

5,39%

Financing with
Subsidies

424.905,36€

13,56
Years

63,63%

14%

31%

9,28%

As expected, investing in combination with subsidies is the most feasible way. Related to the
RoI and the RoE, preferences of the company will be decisive according to Equity or Mezzanine
financing.

4.2

Environmental Assessment

4.2.1

Introduction

To overcome negative impacts of flexibility, deforestation and land requirements posed from
conventional photovoltaics, floating photovoltaic (FPV) systems have been emerging as a new
concept in renewable, electricity generation. Successful experimental FPV plants have been
developed in countries such as Korea, UK, USA, Italy, Spain, and Japan. However, FPV
systems have limited history since the first FPV plant installation was in 2010 (Silva, G. D. P.,
Branco, D. A. C., 2018). Studies today have focused primarily on weather-related environmental
conditions, with a concentration on evaporation control. However, there is still little information
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regarding FPV ramifications and benefits, and studies have yet to access the potential impacts
of floatovoltaics deployment on lake ecosystems and the surrounding environment area.
The surface water coverage caused by FPVs alters the amount of sunlight and wind received by
the water body, thus affecting the physical, chemical, and biological water quality parameters.
Consequently, it is reasonable to assume FPV technology is not completely
environmental-impact free. Legislation on the protection of water and the sea by the European
Environmental Agency and the Finnish Ministry of the Environment require an environmental
impact assessment prior to the introduction of FPV technology in Finland. This is important in
protecting and ensuring that the water quality, and the surrounding environment is not
compromised by the FPV technology and installation area. This study will analyze how the FPV
system affects the natural equilibrium of the water body in areas of carbon footprint, water
quality, aquatic ecosystem, materials of construction, and pollution risks. The environmental
assessment findings will be used to determine the feasibility of FPV technology in Finland.
4.2.2

Floating Photovoltaic Plant Installation Location

4.2.2.1 Summary
Finland’s geography provides several water body categories where FPV plants can be installed.
When determining a location for FPV plant installation, it is important to consider the water
body’s surface use and inhabitants, surrounding soil quality, and climate. The surface use is
largely related to hydrography of the water body, water supply, fishing, and human recreational
activities. The characteristics of water bodies and their corresponding location are important to
account for as they have differences in the extremity of hydraulic conditions (storms, waves,
currents), water level fluctuations, weather adaptations and surrounding urbanization.
4.2.2.2 Area Installation Classifications
Finland is known as the land of the thousand lakes having over 180,000 lakes and ponds of
more than five hundred square metres. Approximately 56,000 lakes with a surface area of over
one hectare and 2,600 lakes larger than one square kilometre. In addition, the Finnish coast is
heavily embayed and fringed with 73,000 islands and inlets (Finnish Environment Institute,
2013). Therefore there is a great opportunity to install FPV systems on an abundant amount of
water environments in Finland.
The different location categories for FPV installations are presented below. The categories
discuss water body characteristics and their corresponding advantages and disadvantages
specific to Finland. For the purposes of this project, a 100 m FPV structure diameter is
considered when deciding on an location for FPV installation. The quantity of FPV structures
implemented per water body will depend upon the usable water surface area available and the
resulting environmental impact from the FPV plant.
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Industrial Basin
These basins hold non-drinkable water for industrial purposes only. The quality of the water held
in these basins are poor, thus no aquatic or plant life exists. Therefore the full coverage of the
water body surface by FPV plants are allowed as a result of basin use. Examples of industrial
basins include sand pit mines, cooling basins, and wastewater treatment basins.
Irrigation Basin
Irrigation basins are formed from flooding an embankment enclosure with water. The water is
held for irrigating various types of crops. There is a smaller water surface coverage allowed for
FPV installation compared to an industrial basin due to basin function. The area equipped for
irrigation for 20 regions in Finland derived derived from the European Union farm structure
survey 2003 is shown in Table 28.
Table 28. Finland irrigation areas (Global Map of … 2016)

Water Reservoirs
A water reservoir is an artificial lake created by the damming of rivers to collect, store, and draw
off water to serve purposes such as hydropower production, water supply for drinking, irrigation,
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and flood protection. These basins have the potential to be very large in area and thus allow a
larger area of water surface coverage by FPV plants. In addition, water reservoirs used for
hydropower production are also advantageous to FPV systems as the reservoir is already is
connected to a grid. By generating extra income, an FPV gives the water body additional
purpose and can be a secondary use of water real estate. On the other hand, water reservoirs
have complex aquatic ecosystems and large fluctuations in water levels as a result of changes
in weather that affect the natural flow of streams and rivers. The environmental impact resulting
from these factors is important to consider when designing and selecting a installation location
for the FPV system.
Natural Lakes
FPV system installation in natural lakes is the most sensitive and dependent on the natural
landscape and environmental impact. This is impart from the complexity of the aquatic
ecosystem, surrounding urbanization and human settlement, and recreational activities of the
water body such as fishing. There is an abundance of freshwater, natural lakes in Finland. In
fact, 10% of Finland’s total land area is covered by lakes (Freshwater - State..., 2015). Although
the lake area size, and consequently FPV installation area, will vary, there are approximately
56,000 lakes with a surface area of over one hectare and 2,600 lakes larger than one square
kilometre. Therefore there is still potential to install and cover larger areas of water body surface
by FPV systems.
The water quality of Finnish inland waters improves from south to north, and from west to east.
Water quality is the poorest in coastal areas in the south, southwest, and west. The waters of
Finnish lakes are mainly soft and often humic. In general the water quality of lake area is mostly
good, having a ecological quality status of good or high. The water quality status of lakes is
worse and more prone to eutrophication for small and medium-sized lakes in agricultural areas.
Finnish lake depth is shallow having an average depth of about 7 m (Finnish Environment
Institute, 2013). As a result of the shallow lake depth and the relatively low discharges of rivers
with long period of ice cover, inland waters are highly sensitive to pollution. The aquatic
ecosystems can also be disrupted from relatively low concentrations of excess nutrients, acidic
deposition, or contaminants (Freshwater - State..., 2015).
A map of the ecological state of Finland’s surface waters is shown in Figure 70 below. The
water bodies are ranked by the quality of their ecological state from monitoring data compiled
over the period 2000-2007 (Freshwater - State..., 2015).
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Figure 70. The ecological status of Finland’s surface waters (Freshwater - State..., 2015)
Figure 71 shows the ecological status of surface waters by proportion of total river length or
surface of water area. As shown by Figure 71 river and coastal water quality is much poorer
than inland lake water quality with many rivers in Finland ranking in a poor or passable state.
This is a result of the relatively low discharge rate of rivers and problems of diffuse loads of
nutrients from farmland, and constructions such as dams along watercourses.
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Figure 71. Ecological status of surface waters by proportion of total length or surface area
(Freshwater - State..., 2015)
The impact potential of FPV deployment on lake ecosystems and the surrounding environment
area is influenced by the water quality of the water body. Table 29 displays the general water
quality classifications in Finland with their corresponding criteria descriptions. A detailed
discussion of how the FPV structure affects the physical, chemical, and biological water quality
parameters will be elaborated in a later section of the study.
Table 29. Criteria for the general water quality classification in Finland (Finnish Environment
Institute, 2013)
Criteria

Description

High

Natural, freshwater state. The water is usually oligotrophic, clear, or with
some humus. The water use is not restricted by algae occurrence and is
highly suitable for all modes of use.

Good

Near-natural freshwater state. The water is slightly oligotrophic, or clearly
humic. Locally restricted algal blooms can occur occasionally. The water
is still suitable for most modes of use.
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Moderate

Water is slightly affected by wastewaters, diffuse loading, other changing
activity, or is appreciably eutrophic or humic due to natural causes. Algal
blooms can occur repeatedly. Concentrations of harmful substances in
water, sediment, or biota can be slightly higher in pristine conditions. The
water is usually satisfactory for most modes of use.

Poor

Water is strongly affected by wastewaters, diffuse loading, or changing
activity. Algal blooms are common and may restrict water use for a long
period. Concentration of harmful substances in water, sediment, or biota
can be clearly higher than in pristine conditions. In catchments with
Littorina Sea clay deposits, the pH of water can be very low for short
periods and fish die-offs caused by the acidic conditions can sometimes
occur. The water is suitable only for modes of use having few water
quality requirements.

Bad

Water is extensively polluted by wastewaters, diffuse loading, or changing
activity. Algal blooms occur frequently and are often abundant, restricting
water use for a long period. Oxygen concentrations are clearly affected by
eutrophication. Concentrations of harmful substances in water, sediment,
or biota can be at levels that cause clear risk to use of water or biota. In
catchments with Littorina Sea clay deposits, the pH of water can be very
low for long periods and fish die-offs cause by acidic conditions occur
repeatedly. The water is poorly suitable for any mode of use.

.
Sea Surfaces
The Finnish coast is heavily embayed and fringed with 73,000 islands and islets on the Baltic
Sea. The Baltic Sea is shallow with a mean depth of only 55 m and is mostly closed, shallow
and cold brackish basin. These conditions make the Baltic Sea highly vulnerable to pollution as
harmful substances degrade slowly under cold conditions. In addition, the winter ice coverage
prevents oxygen being transferred from the air to the surface water creating oxygen deficient
conditions. From Figure 71, Finnish coastal waters are classified as satisfactory, passable, or
poor. Today, eutrophication continues to be a concern in Baltic Sea and is causing more
abundant blue-green algae blooms in the summertime. Eutrophication in the Baltic Sea is
caused by nutrient loads from land areas and the release of phosphorus from the sea bottom
sediments (Finnish Environment Institute, 2013).
Currently, FPV installations are primarily designed for inland freshwater water bodies as
installation on seawater is more complex and demanding. Off-shore, oceanic FPV systems
present more challenging conditions including increased movement and and vibration caused
by larger waves, salt water traces on the glass surface of the panel, any extra electrical losses
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through long cable runs, and corrosion and degradation management to construction materials
caused by the aggressive high salt content (Riding the Wave… , 2018). Shallower seawaters
are preferred due to the limited proximity of electrical connections with the grid network.
4.2.2.3 Finland Soil Quality
Coarse mineral and organic soil types are common in Finland. Consequently, the concentrations
of inorganic substances in Finnish surface waters are low. Likewise, the concentrations of
dissolved organic substances can be high in surface waters since bogs cover about 30% of land
area in Finland (Finnish Environment Institute, 2013). In Finland, the pH levels of topsoil acidity
are naturally low everywhere, making Finnish soils vulnerable to acidification. Many inland lakes
in Finland have characteristically been undergoing a slow process of acidification that is harmful
to numerous plants and aquatic species. Even at relatively low concentrations, excess acidic
deposition can disrupt aquatic ecosystems.
Finland’s soil quality is considered in this study as the quality of the soil can influence the water
quality and thus, the potential impact of FPV deployment on the corresponding water body. Soil
can regulate the drainage, flow and storage of water and solutes which includes nitrogen,
phosphorus, pesticides, and other nutrients and compounds dissolved in water. From the above
paragraph, Finnish soil can be summarized to be predominantly humic, high in organic matter,
and consequently, more acidic content. In fact, the soil pH has dropped low enough that there
are a few lakes in Southern Finland in which there are no fish at all (Tikkanen, M., 2002).
Runoff flow can also affect water quality for two reasons. Firstly, the water runoff carries
sediment with the flow that contributes significantly to increased water turbidity levels and soil
erosion. Secondly, the sediment that travels with the water comes from many sources such as
agricultural fields, woodlands, highway road banks, and mining operations. The sediment often
carries organic matter, animal or industrial wastes, nutrients, and chemicals depending on the
source the water flows from. As a result, the sediment can affect water quality physically,
chemically, and biologically. Depending on the soil and water quality of a water body location,
FPV deployment has the potential to positively impact the environment by decreasing organic
matter content and restricting algae growth. The level of potential impact will also depend on
location, lake size, climatic conditions, and solar irradiation.
4.2.2.4 Conclusion
The Floating Solar Panel Park project will primarily target natural lakes as a FPV installation
area due to the abundant amount of natural lakes in Finland. However, from the combination of
factors including shallow lake depth, low river flow rates, diffuse nutrient loads, and long periods
of cold weather and ice coverage, Finland’s inland waters are highly sensitive to pollution.
Consequently, it is important to take precautionary methods to avoid eutrophication, and excess
nutrient loading. The shading of water surface that results from FPV deployment has the
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possibility to provide a solution to these water quality issues in Finland. Other FPV plant
installation areas that are mentioned above will also be considered if they fit area size
requirements and are deemed to be more economically and environmentally favorable.
4.2.3

Impact Assessment

The amount of sunlight and wind received by a water body will be disrupted by the water
surface coverage caused from FPV system deployment. The fraction of water surface area
covered will depend on the location, and water body chosen for FPV installation. When
conducting the assessment, it is significant to consider FPV design, construction,
implementation, use, and end use processes that have the potential to impact water quality of
the utilized water body and the surrounding environment. In the impact assessment, factors of
carbon footprint, water quality, aquatic ecosystem, materials of construction, and pollution and
risk of contamination will be analyzed to determine impact extent to the environment and the
physical, chemical, and biological water quality parameters in Finland.
Carbon Footprint
The carbon footprint of a FPV system is the amount of carbon dioxide released into the
atmosphere as a result of the power output generated. Carbon dioxide (CO2) production is a
concern worldwide as CO2 emissions contribute to global warming and climate change. Fossil
fuel power plants that generate electricity are currently one of the biggest contributors in CO2
emissions. Thus, the development and continuing advancement of solar panel technology
provides a solution in terms of a renewable, green energy source with a drastically better
environmental impact. In principle, solar energy creates no CO2. However, the various
processes of solar panel technology does produce CO2 emissions. This section will discuss the
feasibility of FPV systems in terms of CO2 emissions and how the technology compares to
conventional photovoltaic systems.
In general, the manufacturing, installation, transportations and recycling of PV modules
generates CO2 emissions. Throughout the duration of a solar installation however, the
technology will produce CO2 emissions on a magnitude of 30 times less than fossil fuel plants.
On average, it will take 3 years time before solar panel technology create as much as energy as
what was consumed in the initial production and installation. Although 3 years is not a realistic,
or economic timeframe, the CO2 emissions for all life-cycle stages of solar panel technology is
predicted to continue to decrease in the future due to improvements in manufacturing processes
as well as greater efficiency of electricity production, greater durability, and more effective
recycling.
Differences in total carbon footprint have been determined comparing the FPV system to
conventional photovoltaic systems. FPV systems have predominantly proved to have less of a
carbon footprint over conventional photovoltaics in comparison of construction, operation, and
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decommissioning impact phases. A considerable difference is the improved yield performance
that is gained by the FPV cooling effect from the water. Water acts as a natural coolant lowering
the operating temperatures of PV modules and allowing more efficient operation. Consistent
temperature differences exist between land and water, with a maximum temperature of 70℃
reached on conventional photovoltaics compared to a maximum temperature of 60℃ reached
on FPV systems (Riding the Wave…, 2018). In this way, FPV systems have advantageous
conditions compared to conventional photovoltaics that are critical to achieving higher energy
yields and performance gains. It is significant to note that the impact of water cooling will
depend on ambient temperature and humidity, as well as the design and carbon footprint of the
FPV system (Riding the Wave…, 2018).
Another concern with conventional photovoltaics is the scale of land involved with their
deployment and the change of land use involved. Conventional photovoltaics require large land
areas that will destroy forests and cause deforestation. Forests act as a carbon sink and emit
CO2 into the atmosphere once cut down which becomes harmful to the climate. Deforestation
and forest degradation present a large concern as the CO2 emissions are estimated to be
between 15 percent and 20 percent of annual global emissions from all sources (Ragazzi, S.,
2016). Not only does deforestation resulting from conventional photovoltaic system installation
contribute to CO2 emissions, but it causes other adverse environmental problems including
unsustainable resource use, erosion problems, and water depletion. FPV systems avoid the
problem of deforestation by utilizing unoccupied, available water bodies and therefore do not
contribute additional CO2 emissions from their installation.
Water Quality
The floating array of a FPV structure will naturally cause shading to the water surface that will
alter the amount of sunlight and wind received by the water body. As a result of this new
interaction between the atmosphere and water surface, this section will assess how various
water quality parameters may change, and to what extent. Water quality parameters that will be
analyzed include water level, algal growth, temperature, dissolved oxygen (DO), turbidity, pH,
total suspended solids (TSS), and chlorophyll.
The conducted studies on FPV shading effect have determined the drop in water temperature
does indeed act as a form of evaporation control. This is advantageous for drought prone areas
and local populations alike by conserving the water level of inland lakes rather than evaporating
into the air. In fact, more water evaporates from reservoirs than is consumed by humans (Riding
the Wave…, 2018). In addition, the FPV structure prevents and reduces wave action which
helps slow water from evaporating. Thus, standing water helps lower evaporation rates as well
as limiting the erosion of reservoir embankments.
However, the amount of water that does or does not evaporate will depend on the location and
the local climate of the given installation area. Evaporation rate can also be lowered with the
addition of a cooling system to the FPV system design. Countries with a higher radiation will
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have the greatest potential to save water through evaporation control. Finland has a background
radiation that ranges from 0.05 to 0.30 microsieverts per hour (Stuk, 2019). The regional
radiation variation in Finland depends on differences of uranium concentration in rock and soil .
Figure 72 shows the radiation map for Finland. Data was obtained from STUK, the Radiation
and Nuclear Safety Authority in Finland. The map suggest that Finland has low radiation values
with radiation increasing towards the south. It is reasonable to conclude that evaporation control
as a result of FPV system deployment would be minimal in Finland due to low levels of
radiation.

Figure 72. Radiation map for Finland (Stuk, 2019)
As mentioned previously, Finnish inland lakes are highly sensitive to pollution. Therefore,
precautionary methods need to be taken to avoid problems of eutrophication. Eutrophication
causes dense growth of plant life such as algal blooms that limit growth of plants and oxygen
production by restricting light penetration through the water. Algal blooms can benefit water
ecosystems, but are becoming an increasing planetary pollution problem due to climate
changes and excess of nutrients in water from different origins such as agricultural, recreational,
and inadequate wastewater treatment sources (Riding the Wave…, 2018). Algal growth is
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further increased in the summertime due to increases in solar radiation. Furthermore, algae is
short lived and algae decay consumes dissolved oxygen in the water resulting in hypoxic
conditions and toxic product production. In summary, algal blooms are a risk to human health,
impact plant and animal ecosystems, and impact tourism and recreational use of coastal areas.
FPV systems create less favorable conditions for algae growth that would help to counteract the
problem of eutrophication in Finland. By limiting the amount of sun needed for algae growth,
FPV systems are capable of acting as a control for algal blooms and biological fouling. With less
algae present it in turn reduces the need for maintenance, cleaning and replacement of FPV
parts. In addition to restricting algal growth, FPV systems have further operation benefits by
maintaining, and potentially increasing DO levels in the water. DO is one of the most important
water quality indicators and is vital to aquatic ecosystems. Aquatic life is put under stress DO
concentrations below 5.0 mg/L. DO concentrations under 5.0 mg/L increases the stress intensity
and if severe enough, can result in large fish kills (EPA, 2012).
Other water quality parameters of turbidity, pH, TSS, and chlorophyll will additionally be affected
by the sunlight and wind variation caused by FPV system installation. The water temperature
can also be anticipated to be lower with the FPV system compared to natural conditions impart
from the shading imposed by the FPV structure. However, due to the natural convection cycles
of a water body, the warmth from the sunlight and the water’s oxygen levels should still be
distributed evenly (Riding the Wave…, 2018). In addition, the Floating Solar Panel Park project
design incorporates space between the solar panels where light is able to reach the water. Thus
keeping the impact of widespread shading to a minimum. Therefore, it can be reasonably
concluded that the changes in water quality parameters of turbidity, pH, TSS, chlorophyll, and
temperature will not change significantly enough to negatively impact the aquatic ecosystem or
surrounding environment. It is still important that these parameters are still monitored if an FPV
system is deployed to ensure significant changes do not occur.
Aquatic Ecosystem
Similar to the quality of the water, sunlight blockage and wind alteration caused by the FPV
structure has the potential to impact the aquatic ecosystem. In general, the amount of shading
an ecosystem receives is an important determinant of primary productivity which influences
species diversity and nutrient cycling. A major concern is the direct relationship between the
amount of sunlight received by the water body and the overall productivity of an ecosystem. For
example, decreasing the amount of sunlight received by a water body will decrease the biomass
of filamentous algae and organic matter that feeds fish stocks and other organisms of the
aquatic ecosystem. Therefore, an aquatic ecosystem that becomes excessively shaded will alter
the ecology of the floral and faunal communities in reservoirs and effect the reservoir’s
biodiversity. Other issues presented by the FPV system include the potential for bird mortality
caused by water birds being attracted to the solar panels, and changes in fish habitat as fish
may prefer to reside under the FPV structure where there is no direct sunlight.
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The design of the Floating Solar Panel Park project design considers the resulting impact to
aquatic ecosystems by incorporating space between the solar panels where light is able to
reach the water. Thus, the FPV structure does not completely cover the water surface area
which minimizes the shading impact to the aquatic ecosystem. It can be assumed that the
biological integrity of the water body will become influenced by the FPV system, but the extent
of impact will be very minimal.
FPV Construction Materials
Apart of the impact assessment includes checking the compatibility of materials used in the
manufacturing of the FPV system. Factors of material lifetime, resistance, durability, and
potential leaching to a given water body must be analyzed to verify the impact an individual
material has on the local environment and the quality of water. For this project, materials of
construction in contact with, or submerged in water include high-density polyethylene (HDPE),
galvanized steel, aluminum, concrete, and alloyed metals made up of Nickel, Chrome, and
Molybdenum.
Table 30 below lists each material, their role in FPV design, issues of concern, and compatibility
with freshwater environment.
Table 30. FPV construction materials in contact with or submerged in water
Material

FPV Design Role

Issues of Concern

Compatibility with
Freshwater
Environment

HDPE

Pontoon structure

HDPE is used for
drinking water
pipes thus there is
no concern
regarding the
material’s effect on
freshwater quality.

Very compatible

Galvanized
Steel

Bracing and support
structures

Galvanizing steel
provides protection
against corrosion
caused by
exposure to
freshwater

Compatible in hot
and cold domestic,
industrial, river, lake
and canal waters
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Material

FPV Design Role

Issues of Concern

Compatibility with
Freshwater
Environment

Aluminum

Bracing and support
structures

Alkalinity and pH of
freshwater
increases
aluminums
potential to react
which could
negatively affect
terrestrial and
aquatic life in
different ways.

Compatible

Nickel

Alloyed chain for
anchoring system

Under normal
conditions nickel
does not react with
freshwater.

Compatible

Chrome

Alloyed chain for
anchoring system

Chromium polluted
discharges in
freshwater can
cause
environmental
disasters.

Compatible

Molybdenum

Alloyed chain for
anchoring system

Naturally-occuring
metal in water. At
low concentration
levels is not known
to be harmful

Compatible

Concrete

Anchoring blocks

Underwater
concrete (UWC)
must be used

Compatible

From further research, it has been concluded all materials in the construction of the FPV system
that are submerged in water or have the potential to contact water are compatible with a
freshwater environment. The only minor concern to be aware of is the potential for algae to
concentrate and grow on the FPV pontoon structure that is in contact with the water body.
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Pollution and Risk of Contamination
As concluded above, all FPV materials for the Floating Solar Panel Park project that are in
contact with or that are submerged in water do not pose risk of contamination to water quality.
As the solar panels themselves should not come in contact with the water, there is limited to no
risk of contamination to the water or surrounding environment. Moreover, careful consideration
of the FPV system design and construction protects against any leakage or contact between the
current-carrying components and any humidity (Riding the Wave…, 2018). The largest issue of
concern in regards to potential pollution and risk of contamination for the FPV structure involve
the interaction the FPV system has when it comes in contact with the water.
Overall the FPV system has minor pollution or contamination risks. The minor contamination
risks that do exist include contaminant spills from lubricants and oils and possible battery
leakage. The potential pathways these contaminants may get into the water include through rain
events, and increased fluctuations in water level. A solution to this problem would be to use a
environmentally friendly, biodegradable lubricant with a low operating temperature. In addition,
special precaution should be taken to protect against any leakage from the battery.
4.2.4

Conclusion

FPV systems are a new, emerging technology that is becoming increasingly popular to
conventional solar systems in response to issues of deforestation, flexibility, and land area
requirements. Currently, the information available regarding the ramifications and benefits of
FPV systems are limited due to the technology’s recent development. Therefore an
environmental impact assessment was conducted for the Floating Solar Panel Park project to
verify that the FPV design proposal met the legislation and regulation requirements of both the
European Environmental Agency and the Finnish Ministry of the Environment. In addition, this
study was carried out to determine all potential impacts of FPV deployment to lake ecosystems
and environment in Finland with respect to differences in location, lake size, climatic conditions,
and solar irradiation.
From the study, the environmental impact of FPV systems is negligible, and even a possible
advantageous energy solution for Finland. In general, FPV systems have been predominantly
proven to have a lower carbon footprint than conventional photovoltaics in areas of yield
performance, and conservation of forested areas. Likewise, the FPV system is designed in a
way that the structure does not completely block all sunlight that is to be received by the utilized
water body which thereby minimizes any impact imposed by shading. Actually, FPV system
deployment can counteract the high pollution sensitivity problem experienced in Finland by
partially managing and controlling algal blooms and maintaining adequate DO levels. The
aquatic ecosystem additionally can be assumed not to be perturbed by PV installation as the
impact is insignificant.
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In conclusion, the findings from the environmental feasibility study have determined the
installation of the FPV project design to be in compliance with environmental legislations and
regulations relevant to Finland. The FPV system will vary in environmental impact depending on
various factors so it is important that these factors are taken into account for each water body
utilized, and that water quality parameters are continuously monitored. Current studies, and
further research conducted in this study have found minimal to no observable changes to water
body water quality and significant impact on the surrounding wildlife upon the deployment of
FPV systems in Finland.

4.3

Feasibility Review

In summary, both feasibility studies of economic and environmental impact analysis conclude
the feasibility of the Floating Solar Panel Park project design in Finland.
From the economic analysis it is understood that the yearly RoI will decrease over time due to
the inflation. Another topic which has to be mentioned is the loss of energy which isn’t included.
Within 30 years the panels can lose up to 15% of their energy output compared to the given
figures in their description. That will reduce the calculated amounts and figures as well.
Sensitivity Analyses will have to be added in the future to check how the financing decisions
react to changing inputs. As well as the implementation of assessments of uncertainty for future
natural events and failures by using the Bayes-Rule or the 𝝁-𝝈-principle (based on the
Bayes-Rule).
With regard to the absolute and relative advantages discussed previously, and having the
mentioned influences in mind, it can thus be concluded that the project makes both economic
and environmental sense. FPV systems become more economically favorable when the
possibilities for subsidies exist, however the type of financing must be decided by the respective
company. In addition, differences in location, lake size, climatic conditions, and solar irradiation
experienced by FPV installation area will determine the extent of environmental impact and
whether or not the FPV system will be advantageous to the water quality and surrounding
environment. Currently there are issues at hand relevant to both economical and environmental
sectors such as high costs for solar panel materials, the carbon footprint required for FPV
installation process, and the recyclability of solar panel materials in the end use phase.
Fortunately, with continuing development and advancement of FPV technology these issues are
expected to be overcome in the future.
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5.

Project Management Review

The following section provides information pertaining to the group work and practical tasks
completed by the Floating Ideas Team as part of the Project Management course. Only newer
and more relevant, project-related topics will be discussed in detail. Appendix A contains all
other work performed throughout the semester duration.

5.1

Risk Analysis

Risks are a daily companion in project work and especially in project management. To not be
unprepared when risks occur, there are several ways and methods to handle potential risks in
the first place and prioritize them. With regard to the risk management, the main focus was laid
on the 9 most probable risks. In the figure below the risks were listed and their monetary
influence was defined by which work packages would be most affected and disturbed or
annihilated. Furthermore was defined whether the risks can be prevented or have to be
mitigated and how to handle those risks when they finally occur.

Figure 73. Risk definition, calculated impact and ways for prevention and occurring.
In addition, the impact of the risks were compared to their probability and were assigned to the
corresponding area by means of points. In the matrix you see for example, that misleading
tutoring has the most financial impact, but due to defined project goals and created
communication standards, the probability was kept very low. (Communication Management, see
Appendix A). The most critical part in the risk analysis was the research aspect, due to the risk
of misleading information and the basis it built for the project.
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Figure 74. Risk management matrix, relation between impact & probability.

5.2

Teaming Review

As discussed in the previously done Midterm Report, each team member brings a different set
of skills to the team. To first realize what each member could bring to the team, the Belbin Role
test was done. Each member took the test and the results can be found in Appendix A, Section
2.2. It was was very interesting throughout the whole semester to see how each team acted in a
real team scenario versus how their Belbin role predicted they would.
For most of us the Belbin team roles were not far off. They depicted a lot of our personalities
and teaming skills accurately. Some things of note are that some individuals held the same roles
as other people on the team and balancing some of those skills with the roles’ skills we didn’t
have was important to the team’s success. In the end, it is our opinion that all roles were filled
by team members when they needed to be filled. We did not have such a specific set of roles as
other teams might have, which made it so when a new role needed to be filled, it was easy for
someone to step in a fill it. The team leader switched hands multiple times and it usually came
down to who knew the most about the subject and whose subtask it was. Instead of having one
group leader, we elected to follow the leader who was in charge of the specific task. This
sometimes could be confusing as many tasks overlapped, but we also had members who would
keep everyone on task, so that the confusion did not last long.
Overall, the organization of our team was not so strict as many teams before us have been. This
had some very obvious positives and negatives as the project went along, but in the end, it
worked out in our favor to have people working on many different things at once and it helped to
have multiple points of view come in when things became confusing. As a team, we worked well
together and not only got to focus on the things that we each as individuals care about, but we
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also got to learn a lot from the other members of our team to learn more about other
engineering disciplines.

5.3

Schedule Review

An updated schedule, updated on May 8th, 2019, can be viewed in Appendix B, Figure 2. The
schedule, as one can see is coming quickly to an end. The team had worked diligently to get
everything done, but with every project, the time ran out to complete some of the lesser of the
important subtasks and some have yet to be done.
Tasks Not Going to Be Done
Like mentioned, there are frequently times when parts of a project are not finished on time. With
this being a rather short project and one with a definite deadline, there is not any room to extend
the project and continue to research and test. With that being said, the main things that,
according to the schedule, are not going to get done include making a 3D printed structure for
testing. Ultimately, this was seen as a less important task and left out due to the approaching
deadline. In addition, the testing of the floating structure as well as the rotation and tracking
systems is also not going to be fully completed. Again, these two tests were seen to be less
important than the testing of the efficiency improvement techniques and consequently were not
completed due to time constraints. These things could be done in the future if more time
allowed, but were not seen as vital to the project and thus not completed.
Tasks Yet to Be Done
The tasks that have yet to be done include creating a video and website, which is still currently
in the works to get done as well as completing the final report and the final presentation, both of
which will get done after the updating of this schedule.
Conclusion
Overall, the schedule was not followed as closely as the team should have been following it, but
for the most part, the tasks were completed and completed within the time range given. The
task orders changed slightly as the team figured out what they needed to focus on and how
much time each task would really take, but in the big picture, the schedule was followed and
helped the team to make sure they got done what they had set out to accomplish.
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5.4

Cost Review

For the Final Report the Cost Analysis has been reworked and is now more related to the Work
Breakdown Structure and the several Work Packages it contains. The complete table of Work
Packages including planned costs, actual costs, and progress can be seen in the Appendix B.
For the calculation of the planned Costs, the specified days from the agile schedule was used
and multiplied with an amount of 80€/h per Person. One day was estimated to be a 7.5h
workday. For the actual costs, on the other hand, the continuously being worked on timesheet
was used, to have the actual working time for the different topics and to calculate more precise.
The complete budget (BAC), you will see in the upcoming table, is the budget for the complete
project work and is not related to the costs of the solar park. The Earned Value (EV) is the
actual value which was accomplished until today and is calculated by using the planned costs
multiplied with the percentage of completion of the specific tasks.
As shown in the figure below, there are several key figures which are used in the cost
calculation. The Cost Variance (CV) is the difference between the EV and the actual costs (AC)
and is also explained as the Cost Performance Index (CPI) being a key figure which can be
relied on in terms of cost performance and is calculated by dividing the EV through the AC. The
SPI is the schedule performance index, calculated in the same way, like the CPI but using the
planned costs (PV). The CPI is the key figure to the difference of the EV and the planned costs.
In “A Guide to the Project Management Body of Knowledge” (Project Management Institute,
2008) it is stated, that an CPI and SPI beneath 1 would be a significant goal for Project
Management.

Figure 75 . Project Costs comparisons between planned and actual costs and earned value
The figures for the above mentioned table and the graph below, showing the correlation
between planned costs, actual costs and the earned value were taken on the 1st of may 2019
and therefore can be slightly different due to the finalizing of the project on the 10th of may.
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Figure 76. planned and actual costs and earned value comparison related to the project time
scale
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6.

Conclusion

6.1

Lessons

Floating solar panel parks are becoming more popular as societies continue to need energy, but
are running out of land space to keep up with the energy demand. Because of this, floating
options are on the rise. It is common to see offshore windfarms and is becoming more common
to also utilize offshore solar or floating solar. In most cases thus far, they are in very sunny
areas and are also used to help conserve water in basins. In the case of Vaasa, Finland, it is not
as necessary to conserve water in basins, but is highly efficient to have a floating park since
Finland has over 180,000 lakes within its borders.
Floating solar is becoming more popular, but it is still something that is not very developed. Not
many “perfect solutions” have been found and many parks are still being tested for efficiency.
With this, there was not an easy place to start. Lots of research needed to be done to even
begin to start designing a park of this size for a place so far from the equator. In this research
phase the team learned a lot of things about solar energy, Finland, and what kinds of
components can increase the efficiency of a solar park.
The biggest takeaways from starting this project consisted of learning that Finland is simply not
the best place to put a solar park, but it can be done and can be done with a profit in the end.
Vaasa, Finland is cloudy for a large portion of the year, leading one to believe that it would not
be an ideal place for a solar park, but with the use of mirrors and concentrators, one can
increase the efficiency by a lot.
With the help of mirrors the efficiency of a panel can increase by 36.99%. This is a significant
amount of energy being added by a relatively cheap efficiency component. Systems like
concentrators add efficiency as well, but were not as cheap and thusly could not compete with
the use of mirrors. These efficiency adding techniques are only as beneficial as they are when
combined with a tracking system. Another major lesson learned was that tracking the sun is
very important and can increase the efficiency of the panel park by almost half (it produces
46.8% more energy than a park without any tracking), but does not require the most expensive
and advanced system to do so. Adding only tracking in the vertical axis increases the energy
output by half and adding more tracking, like two axis tracking, does not add a significant
amount more energy for the added cost and energy used to track the sun. This was a large
takeaway as most would assume the best systems will produce the best outcome, but in the
case of tracking, one axis tracking in the vertical axis is enough.
In addition, another large takeaway is that solar panel parks can be used just about anywhere. If
a solar panel park can be made efficiently and produce energy and a profit in Vaasa, Finland, it
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shows that many other places equally as far north and certainly south of here can use solar to
reduce their CO2 emissions without limiting their energy consumption. Societies continue to
require more and more energy and with this project and others like it, one can see that floating
solar is an option for many places around the world.

6.2

Summary

The Floating Ideas team learned a lot about solar panels through their research, but the most
important parts of this project were the designs and the design process that the team went
through to get to a final feasible floating solar panel park design.
Starting the project with solely research, the team learned a lot about solar parks and what are
required to make them work and be feasible in Finland. After detailing many components that
could possibly work, the team set out to create a final design and through many design
iterations came upon a final design that is feasible in Finland.
The final design utilizes various methods researched and tested throughout the semester. The
figure below shows the final design in detail and the table below summarizes the final design
components for the floating solar panel park.

Figure 77. Final Design Drawing
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Table 31. Summary of Final Design Components
Component

Basic Design Description

Panel Type

Bifacial panel (417 per circular module)

Placement

The panel are placed horizontally to avoid losing efficiency
from shadows. They will be fixed in the vertical direction at a
53o angle while rotating on the xy-plane to track the sun

Shape and
Structure

The shape of this park is a circle. This is done with an
outside ring being anchored down, holding an inside ring in
the middle which holds the panels and mirrors

Panel Frame
and Structure

Panels will be held in place with an aluminum square frame
and held up above the water with 25 mm outside diameter
aluminum round pipe. Since every row will have two floating
pipes associated with it, cross-bracing will be needed in
between the pipes to hold it in place. This cross-bracing is
also made out of aluminum and will be 40 mm x 3 mm thick
flat bar

Mirrors

Two mirrors will be on each side of a single panel. They are
trapezoidal in shape to catch more rays from the sun

Flotation

Each row of panels, in addition to the outside ring of the
module, will be hollow round HDPE pipe that floats. The
outside pipe is 280 mm outside diameter and the row piping
is 180 mm outside diameter

Rotation

Rotation will be achieved with a slew drive system and a
hydraulic motor. This system will give a lot of torque at a slow
speed

Anchoring

The anchor will be a 2 m x 2 m x 4 m concrete block
attached to a Nickel Chromoly Steel Alloy chain. Three of
these will be necessary to anchor this structure

Cooling
Systems

No cooling system is going to be added, but being on the
water and having wind blow around the structure will add
natural cooling

Connection to
Grid

A floating platform will be added to the center of the modular
structure to house the inverter and other electronics needed
to run the park and connect the energy back to the grid

Cleaning

Cleaning will need to be done annually as part of the
maintenance schedule as rain is not sufficient for cleaning
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This final design is a compilation of a four month long design study and can now be put into use
if chosen to be used. With the feasibility studies done, it is clear to see a lot has to be
considered before implementing a project. This design is indeed feasible economically with
various different financing options. The best financing option would be financing the project with
subsidies for help, but this cannot always be assumed, so it is good that all other options are
likely to be feasible as well, most namely equity financing especially with the focus on the return
on investment and the mezzanine financing with focus on the return on equity, respectively.
In addition, an environmental assessment was done, which considered many things. Finland’s
lakes are prone to pollution since the water bodies have slow-moving inlets and outlets. This
was one major area of concern. It was determined, however, that the floating solar panel park
will not have a major impact on Finland’s water quality and might actually improve water bodies
since less algal blooms will be able to grow. Keeping a close eye on how floating solar will affect
Finland’s environment is a must as the design is implemented. It does, however, reduce the
amount of CO2 being produced and is consequently recommended over conventional energy
methods.

6.3

Continuation of Work

Even with all of the work that has been done on this project, more research and testing could be
completed before making a final working version of this design. If more work were to be done, it
would be focused on testing different parts of this design to produce an accurate representation
of the added efficiency one can get from having a rotation tracking system. Testing on the
floating structure could also be done, but would be of lesser importance compared to the
efficiency techniques. Additionally, further research into where this floating panel park could be
placed would be good. Currently Poland is looking to add more coal-fired power plants to their
economy to fill the demand in energy needed there. It would be ideal to further this study with
Poland in mind and estimate the energy they would gain from a design like this as well as note
how much cleaner this design would be rather than adding more coal-fired power plants to their
country.
In the end, more work could always be done to continue this study, but with the design detailed
in this report, floating solar could soon be feasible in Finland and most certainly in more
locations with even more sun.
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APPENDICES
Appendix A: Project Management
1. Quality Management
In terms of quality management, the team decided to rely on the PDCA cycle, popularized by Dr.
William Edward Deming in the 1950s and the Fishbone Diagram or Ishikawa Diagram, which
was invented by Kaoru Ishikawa in the 1960s to break down root causes that potentially
contribute to a particular effect.
The phases of the PDCA cycle (Manktelow, 2016) are PLAN, DO, CHECK and ACT, where the
first one concentrates on identifying the problems which have to be worked on. The DO aspect
is focused on potential solutions, which have to be studied in the third stage whether they are
usable or have to be reworked, tested again. In the last stage, the ACT stage, the best solution
which was worked out will be implemented. Every team meeting was build upon those stages,
by first defining the problems which were worked on, then explaining the research results and
possible solutions being tested or outlined. The Act of CHECKing was done by the whole team
within the team meetings to come to a final implementation of the best solution the team figured
out.

Figure 1. PDCA cycle by William Edward Deming (Wikipedia, 2008)
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The Fishbone Diagram was especially used to define aspects of problems which occurred within the
process of finalizing the Design and to be able to work in the most effective way in terms of problem
solving. The Fishbone Diagram used for the floating ability problem can be seen in the following
figure.

Figure 2. Fishbone Diagram of the Floating Ability Issue

2. Human Resource Management
Human Resource Management is a big part in succeeding within a project, especially in
multinational team constellations. Under several tools for the project management tasks, the
team decided to work with a RACI Matrix, which will be explained further on, and the Belbin
Test, which was already an essential part of the team building process in the beginning of the
project.
2.1. RACI Matrix
Human Resource Management is a large part of Project Management. Because of this, the
team developed an RACI Matrix to help divvy up tasks as well as ensure that each task had an
owner or someone who would be responsible for checking up on its progress and completion.
This matrix also helped making sure that the team was not all devoting time to the same task
when they could be productively splitting up the work and kept people not involved in each task
informed about what was being done. An RACI Matrix does this by simplifying every person’s
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role for a given task into four categories. RACI stands for Responsible, Accountable, Consulting,
and Informing. These four words detail what each role is for the task.
Responsible - Who is responsible for this activity? This individual is in charge of checking up
with others to see what work is being done and to ensure that the task will get done on time.
These individuals are also tasked with informing the individuals who are not involved, how
everything is going.
Accountable - Who is also accountable for this task? These individuals are also working on the
given task, but are not in charge of ensuring its completion. These members are completing the
tasks alongside the “responsible” individual.
Consulting - Who should be we consulting with for this task? These individuals are not doing the
actual work on the task but help in the form of giving advice through consultation. These
individuals are not needed at every meeting about this task but are asked to help when needed
or when a large decision needs to be made.
Informing - Who has to be informed about this task? These individuals are being informed about
the progress and completion of these tasks only. They are not working on the project nor being
consulted for help.
Figure 3, below, is the working RACI Matrix for this project team. The tasks from the Work
Breakdown Structure are featured to the left in this table. It is color-coded by job type with a key
to the right.
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Figure 3. RACI Matrix
As one can see from the RACI Matrix, every task has one, and in some cases two, responsible
parties. This was to ensure that the task got done and one person was able to communicate
with everyone else about its progress. In most cases, everyone in the team wanted to be
involved with every task. Usually, this wouldn’t be the case in design projects elsewhere, but
with this being a multicultural and multidisciplinary team, everyone wanted to try to be involved
to learn from one another. Additionally, the supervisors for this project were included. The team
consulted with them regularly, but mostly informed them about progress for some of the more
basic, non-design, tasks.
2.2. Belbin Test
The Belbin Test helps individuals in identifying their specific, different role or roles they
contribute to a team setting. This is significant in enabling team members to understand and
discuss differences and similarities about their behavioural strengths in a productive, safe, and
non-confrontational way. By having a greater self-understanding of each team member’s
strengths and weaknesses can result in more efficient and successful working team. The Belbin
team roles are categorized as follows: Shaper, Completer-Finisher, Implementer, Plant,
Monitor-Evaluator, Specialist, Team worker, Coordinator, and Resource Investigator. Each team
member’s Belbin Test results are shown in Table 1 below.

138
https://docs.google.com/document/d/11Xhl8Bdvx00NCpsIBYOsZIfOkXiQuGAleqaK9vp6yHM/edit#

139/148

5/10/2019

Final Project Report - Google Docs

Table 1. Belbin Test results
Team Members

Belbin Roles

Role Description

Laura

Plant

Creative, imaginative, good at solving problems in
unconventional ways

Implementer

Practical, helps in planning a workable strategy and carrying
it out efficiently

Team worker

Cooperative, helps the team to work together effectively and
efficiently

Specialist

Dedicated, brings in-depth knowledge of a key area to the
team

Plant

Creative, imaginative, good at solving problems in
unconventional ways

Shaper

Thrives on pressure, provides the necessary drive to ensure
the team keeps moving and doesn’t lose focus or momentum

Shaper

Thrives on pressure, provides the necessary drive to ensure
the team keeps moving and doesn’t lose focus or momentum

Coordinator

Confident, helps team to clarify goals, delegates work to
team members and keeps everyone on track

Coordinator

Confident, helps team to clarify goals, delegates work to
team members and keeps everyone on track

Resource
Investigator

Outgoing, uses inquisitive nature to find ideas to bring back
to the team

Carlos

Stephan

Elizabeth

Amber

3. Communication Management
The communication management mainly deals with the interaction of the project team and every
stakeholder who is involved. From defining the stakeholder by a stakeholder analysis and
prioritization related to the influence and interest of the stakeholders in the actual project to
creating a communication plan and drawing up the needed documents for the project time, well
done communication management can have a big impact on the project result when it is done
right.
The stakeholder who were involved in the project can be seen in the following stakeholder
influence chart, as well as their impact on the work of the project team.
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Figure 4. Stakeholder Influence Chart
As in the influence chart can be seen, the most impact to the project work had the team itself
and an employee from Wärtsilä who as well worked as a supervisor for the Project Team
together with the Novia University supervisor Mikael Ehrs. High influence but low interest had
the Erasmus program which was responsible for 3 out of 5 students to be able to work in the
project in the first place.
To answer the question about a functional report performance one has to look at the documents
needed as well as other aspects of the Project Management. The risk management which was
updated throughout the project process and the automated cost calculation which can also be
seen in Appendix A are as important as the Human Resource Management when it comes
down to prezise reports for the stakeholders.
In clarifying the stakeholders expectations the team concentrated on those stakeholders who
are involved in the project in one way or another:
Wärtsilä
– Study for a feasible, swimming, solar park in Finland for commercial use
Project Team
– Further education, multinational team working experience, good grades
Novia University – Representable Erasmus project studies for further projects
Home Universities – Representative work of the outgoing students
This finally leads to the documentation which had to be prepared for the project time and the
used documentations for report and structural work are as follows.
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Which Documentations were needed for good communication management?
●
●
●
●
●
●
●
●

Time Sheet
Team Contract (find attached)
Assignment
Project Meeting Notes
Agile Schedule
Project Agendas
Designs (stated under chapter 3)
Continuous updated Report (final report)

On the right side one of the first agendas can be
seen with which was worked for every Meeting.

Figure 5. Team Project Meeting Agenda
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TEAM CONTRACT
Project: Floating Solar Panels
Group members: Carlos Martin Delgado, Laura Ripoll Albaladejo, Stephan Fischer, Elizabeth
Larsen, Amber Kauppila

Valid dates: February to May (both included)

PROJECT VISION
We want to learn in this project as much as possible, in our fields and outside of them.
We expect to do our best, keep the project interesting during all the semester.
The final grade we get is not the most important part of the project if we did our best.
ELEMENTS OF EFFECTIVE TEAMWORK
Communication
1. Free ideas. Everyone can express her/his idea without been judge.
2. listening to each other. When someone is speaking we have to listen to
her/him and pay attention (don’t be looking at the phone)
3. Try to make an effective non judgmental feedback.
4. No “cross talking” is allowed. This means not interrupting when
someone else is talking.
5. In the event that a group member or members are dominating the
group, it’s the time keeper’s job to politely interrupt them (this is when
you can interrupt) and ask that someone else speak.
6. Keeping the other team members informed.
7. First understand, and then be understood to apply to all team
members.
8. Use visual means like drawings, charts, as well as tables in order to
facilitate discussion. (Good when we present each others the work we
have done).
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Participation
1. initiative in participating in the group tasks, especially in areas where
they may have strengths.
2. Ask for help when needed and if you can help someone because of
your strengths you should do it.
3. members need to make concerted efforts to be available for meetings.
4. Each team member needs to be honest as well as open.
5. Encourage a diversity of opinions on all topics.
6. Everyone given the opportunity for equal participation in whatever type
of work, not only in her/his specific field.
7. Focus on what is best for the team as a whole. The team has to be
bigger than an individual team player. The interests of the team have to
come first. Besides, care has to be taken that the interests of the team
and the team players are in synergy and do not clash.

Organization
1. All the group work will be shared in Google Drive.
2. We will use Trello to organize our work.
Procedure
1. Each group member agrees to show up to class and to outside group
meetings on time. If someone is late more than 5 minutes will have to
bring coffee/tee for the rest of the members.
2. Group members can be late (like 30 minutes or 1 hour) to a meeting if
it was noticed before or it can be justified. If a group member is late
without notifying will have to prepare dinner for all the group next
weekend.
3. All members have to respect deadlines.
4. Everyone should be accountable with her/his work.
WORK PLANNING
1. We will meet every morning during the week at school to work in the project.
2. We will share and explain what we have been doing for the project at least once

a week. We will choose

143
https://docs.google.com/document/d/11Xhl8Bdvx00NCpsIBYOsZIfOkXiQuGAleqaK9vp6yHM/edit#

144/148

5/10/2019

Final Project Report - Google Docs

TEAM ACTIVITY PLAN
We will do an activity together once a week like having dinner, going to ice hockey or
bowling.
CRITICAL REVIEW DATES
21/03/2019 - Send midterm report to Mikael and Sören
26/03/2019 - Midterm presentation
09/05/2019 - Send final report to Mikael and Sören
14/05/2019 - Final presentation
CONTRACT AGREEMENT
This is an official contract. Once you have signed it you are accountable.
Name: Carlos Martin Delgado

Date: 08/02/2019

Name: Laura Ripoll Albaladejo

Date: 08/02/2019

Name: Stephan Fischer

Date: 08/02/2019

Name: Elizabeth Larsen

Date: 08/02/2019

Name: Amber Kauppila

Date: 08/02/2019
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4. Change Management
The Occurrence of Changes within a project is a normal part of the processes the project walks
through. To ensure the quality of the work, the team can rely on the “Iron Triangle” which graphically
reveals the correlation between scope, time, and cost.
Within a change, one of these three aspects will apparently change and its mandatory to rearrange
the other two aspects to keep the quality of the work on the same level as before.

Figure 6. Iron Triangle – triple constraints of project management (Dhillon, 2018)
The way to manage changes of the Floating Solar Park Project Team was by using a change log in
which the influence to the aspects was noted in the comments section. Every change request got a
change number and a change type, was described and tracked by including the submitted and
approved date and the actual status the change request presently has. As you can see below a
variety of changes occurred during the project time.

Table 2. Change Log of the Floating Solar Park Team
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Appendix B: Large Figures
1. Hours Worked and Cost Associated with Working
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2. Updated Schedule
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