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____________________________________________________________________ 

The purpose of this thesis was to examine the conditions for a solar energy system for 

a domestic property in the Köyliö area, to explore solar energy options, to analyse the 

feasibility of these options, and to form a conclusion on the potential for solar power 

pertinent to the conditions and needs of the clients and their property. This paper con-

sidered the energy requirements of the clients, the natural and anthropological circum-

stances applicable to the location, and the technological options and the various con-

figurations of these technologies available to satisfy a feasible solar energy installa-

tion. The paper concludes with a recommendation based on these findings. 
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1 INTRODUCTION 

 

Solar energy is an increasingly important source of power as global energy require-

ments continue to rise. The rise in energy requirements is met with an increase in out-

put from various sources, including fossil, nuclear, and renewable. Solar power falls 

into the category of renewable energy. The conjunction of the realities of climate 

change and the increasing demands for energy meet at a point where solar energy can 

provide a solution. 

Solar energy technology converts solar radiation from the sun into a form of energy 

which can be utilised, such as heat or electricity. There are no pollutants or fuel waste, 

which makes solar energy very appealing to climate-conscious people, and fuel is free 

and available through adequate sun exposure (Kalogirou 2014, 481.) 

Finland is a country not traditionally considered ‘sunny’. In spite of this, there is an 

increasing interest in solar energy in Finland, as demonstrated by HELEN’s (Helsinki 

Energia) two new solar power plants in Suvilahti – completed 2015 (Website of 

HELEN 2017) – and Kivikko – completed 2016 (Website of HELEN 2017), Pori’s 

swimming pool’s innovative solar energy system (Website of SolarForum 2017), and 

the approach from the clients who are the subject of this thesis to investigate and design 

a solar energy system for their domestic needs.  

The increase in interest can be attributed to a number of factors. Climate conservation 

is perhaps the most obvious aspect, but the potential for energy cost savings is also an 

important practical consideration. It is fortunate that the heaviest cooling requirements 

occur at the time when photovoltaic output is at its peak, which is an added benefit 

when consider the many positives of solar power. The recent trend of lower costs in-

volved in installing a solar energy system have greatly extended the affordability and 

appeal of solar energy to a wider potential customer base.  

The aim of this thesis is to understand the energy consumption characteristics of the 

clients and their properties, and to use this information to determine the feasibility of 

the installation of a solar energy system to meet their energy consumption needs. This 

information will be used in combination with a study of natural conditions, financial 

review and research relating to solar energy to influence the design of a number of 

configurations of suitable solar energy systems.  
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2 SOLAR ENERGY PRINCIPLES AND TECHNOLOGY 

2.1 Photovoltaic principles 

Solar energy, as the name suggests, is energy derived from the activity of the sun. The 

sun generates a great deal of electromagnetic radiation, some of it in the form of visible 

light, although much of it is also at invisible wavelengths. The electromagnetic radia-

tion produced by the sun is transmitted to the earth in discrete energy packets known 

as photons, and this is the energy used in solar power generation. 

To harness this energy, a photovoltaic cell is composed of two semiconductors typi-

cally consisting of silicon. One of these is a ‘p’ type doped semiconductor, and the 

other is an ‘n’ type doped semiconductor. The difference between ‘p’ and ‘n’ lies in 

their charge: ‘p’ stands for positive, and ‘n’ stands for negative, so a ‘p’ type semicon-

ductor has a deficit of electrons (known as a ‘hole’), and ‘n’ types have a surplus.  

The term ‘doped’ refers to the fact that the semiconductor is not pure silicon. Pure 

silicon has four valence electrons, and thus will form covalent bonds with four adjacent 

silicon atoms, leaving it with no free electrons with which to carry a charge. To create 

an n-type semiconductor, you substitute a silicon atom with another atom which has 5 

valence electrons, such as arsenic, or phosphorous; this allows for four covalent bonds 

with the adjacent silicon atoms and a free electron. Using the same logic, to create a 

p-type semiconductor, you substitute a silicon atom with an atom which has only three 

valence electrons, and then you are left with an electron deficit – a hole. The hole 

behaves like a positively charged particle, and like free electrons, is not static. 
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Figure 1. P- and n-type silicon, doped with boron and phosphorus respectively (Web-

site of Solar Journey USA 2017) 

 

When  both ‘p’ and ‘n’ types are brought together, they form what is known as a p-n 

junction. A p-n junction has a ‘depletion zone’ at the point where the two different 

semiconductor materials meet. This depletion zone is effectively an insulator due to 

the effect which the opposite charges of the two materials have on one another. Energy 

from a photon can raise an electron to a higher energy state, and the electron will then 

have enough energy to cross the depletion zone and produce a current. 
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2.2 Photovoltaic technology 

These scientific understandings are the underpinnings of the technology used in solar 

cells. Solar cells require the absorption of sunlight. Light travels in a straight path, so 

a solar cell has to incorporate this into its design. 

 

Figure 2. Lateral view diagram of a photovoltaic cell (Website of MySolarProjects 

2017)  

 

As is illustrated by the diagram in Figure 2, the outer surface is glass to protect the 

subsequent layers. An anti-reflective layer underneath the glass maximises the 

amount of sunlight that can be absorbed; the glass layer is often treated to share this 

characteristic. The n-layer comes next, and directly beneath this is the p-layer, and so 

we have the vital p-n junction. Sandwiching the p-n arrangement are current carrying 

contacts, negative on top and positive on the bottom, to conduct the electricity pro-

duced. 

What has just been described is the simplest explanation of a solar cell. There are a 

number of varieties based on this design, with the main difference usually being the 

semiconductor material, as will be explained below. 
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2.2.1 Solar cells 

 

There are two main types of PV cell appropriate to this study available today. These 

are crystalline silicon and thin-film cells. Crystalline silicon accounts for approxi-

mately 80% of the market, whereas thin-film effectively accounts for the approxi-

mately 20% remainder of the market.  

Triple-junction cells are an up-and-coming design which have three p-n junctions 

which correspond to different wavelengths, expanding the range of radiation which 

they can utilise, resulting in up to 41.1% efficiency under laboratory conditions (Guter 

et al., 2009) . However, triple-junction technology will not be considered for this study 

as they are not quite ready for the commercial market. 

 

Crystalline silicon 

 

Figure 3. Polycrystalline silicon (left) and monocrystalline silicon (right) cells (Web-

site of Silicon Solar 2017) 

 

Crystalline silicon comes in both monocrystalline and multicrystalline forms. The ad-

vantages that monocrystalline silicon has over multicrystalline arise from the differ-

ence in structure. Monocrystalline silicon is a single continuous crystal lattice with 

effectively no defects or impurities, and so monocrystalline silicon has a slightly 

higher efficiency (~15%, up to 20%) than multicrystalline silicon (~14%, up to 17%). 

A disadvantage of monocrystalline silicon is the complexity of manufacturing, which 

drives up costs, although these have been falling in recent years. A disadvantage which 
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both mono- and multicrystalline forms share is that of reduced efficiency as tempera-

tures rise, which diminishes output (Kalogirou 2014, 498.) 

A great deal of research into improving solar cell efficiency is pushing these efficien-

cies up, although at present most success is through complex laboratory testing. This 

means that it will still be some time before the very high efficiencies being achieved 

in controlled conditions are found on the market, although a general rise is nonetheless 

being observed in available silicon-based solar energy technologies. 

 

Thin-film 

 

Thin-film cells can also be silicon, but arranged in a thin homogenous layer. This lay-

out is better able to absorb light than crystalline silicon forms, and handles higher tem-

peratures more effectively. A further advantage is the low manufacturing costs. How-

ever, there is a catch: the efficiency is only around half that of the crystalline forms, at 

about 6 – 7% (Kalogirou 2014, 498), although recent lab efficiency ratings have man-

aged to reach 21.0% (Website of Fraunhofer Institute for Solar Energy Systems, ISE 

2016). 

Another thin-film form is CdTe: cadmium telluride. CdTe shares the advantage of 

good heat tolerance, and of being cheap, but has a drawback in that cadmium is highly 

toxic. At around 11% efficiency, CdTe has an efficiency rating between that of crys-

talline silicon and thin-film silicon (Kalogirou 2014, 499), although again, in the lab, 

a higher efficiency – 20.5% - has been attained (Website of Fraunhofer Institute for 

Solar Energy Systems, ISE 2016). 

A final thin-film example, and the most recent to enter the commercial market, is 

CIGS. CIGS stands for Copper Indium Gallium Selenide. Sharing the low cost char-

acteristics of other thin-film examples, the efficiency lies between 10 – 13%, and the 

standout advantage of this particular form is that it is light in weight and does not 

require glass, making it applicable to a wider range of application possibilities (Kalo-

girou 2014, 499.)  
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2.2.2 PV system components 

Besides the solar panels themselves, a solar power system requires periphery compo-

nents to function. For example, sunlight is transformed by a photovoltaic cell into di-

rect current electricity. DC electricity is incompatible with virtually all household ap-

pliances as they operate with alternating current (AC). In order to utilise the electricity 

being produced by a photovoltaic cell, a device known as an inverter is used to trans-

form the DC electricity supplied by the solar panels into AC electricity which can be 

used to power household appliances (Boxwell 2011, 19.) 

 

 

Figure 4. A basic configuration of components for an off-grid solar energy system 

(Website of Leonics 2017)  

 

The components required depend on whether or not the system is connected to the 

grid. Off-grid, a typical setup will consist of the solar panels in a grouping known as 

an array connected to a controller, which regulates the flow of electricity to and from 

the batteries. The battery, or batteries, are more common in off-grid systems, as they 

store electricity for use when solar power production has dropped. Such a system is 

illustrated in Figure 4 above.  

There are significant differences between the inverters in Figures 4 and 5. A solar in-

verter (Figure 5) needs to handle more parameters than an ordinary inverter. This is to 

deal with the inherent changes involved in harvesting energy from a solar collector as 

generation fluctuates throughout the day, as well as voltage range and frequency range. 

As a part of dealing with these, an inverter will also have safety features to handle, for 

example, power cuts or surges. Solar inverters are of much higher standards than or-

dinary inverters. 
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The meters in Finland are typically owned by a power company or the owner. In Figure 

5 we can see ‘Watt-Hour Meter: Net metering’, known as ‘kilowatt hour meters’ on 

the rare occasions they are found in Finland; more often, the meter is reprogrammed 

to handle both the solar power system and the grid simultaneously.  

It is worth noting that these ‘net meters’ are a part of some systems. As the solar power 

industry grows, there is the possibility of encountering such a system through the ho-

mogenisation of the global solar power landscape, so an awareness is prudent. 

A final note on Figure 5: this diagram is missing a safety switch, which is an essential 

part of a well-designed solar power system to the point that they are mandatory in 

Finland. 

 

 

Figure 5. A basic configuration of components for an on-grid solar energy system 

(Website of Leonics 2017) 

 

Solar inverters are the second most expensive pieces of equipment in a solar power 

system after the solar panels themselves (Website of Cenergy Power 2017), so they 

need to be correct for the job. An important distinction lies in the difference between 

off-grid inverters and on-grid inverters, usually referred to as ‘grid tie inverters’. A 

basic difference lies in whether the current from a solar array is converted into home-

use current or is adjusted to match the grid-specification voltage and frequency 

(Website of Mepits.com 2017), as the grid can be affected by unregoverned tied-in 

solar power systems. 

A solar energy system can vary in size depending on the requirements and costs. 

Perhaps the most obvious indicator of a system’s size is the panelling. A single 
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photovoltaic cell is incapable of providing enough energy on its own, and so the cells 

are combined into a solar panel which contains many such cells. A single panel may 

have a rating of, for example, 260W. If 20 of these are combined the rating is increased 

by a factor of 20, so up to 5.2kW. These are held in a frame which supports the solar 

panel structure. Several of these – as many as are desired, essentially – can be put 

together in a series to create impressive electricity generation capabilities. 
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3 FINNISH ENERGY 

3.1 Policies 

“With its energy-intensive industries and its cold climate, Finland’s energy consump-

tion per capita is the highest in the IEA. […] Finland notably leads all IEA member 

countries in terms of research and development funding for its energy sector. The focal 

points of the government’s energy strategy are to strengthen its energy security, to 

move progressively towards a decarbonised economy, and to deepen its integration in 

the wider European market.” (International Energy Agency, 2013, 9). 

Finland is putting pressure on high-pollution industries to lower their emissions, and 

this includes the energy sector. Finland is committed to numerous international climate 

change agreements, which play a big role in the shaping of domestic energy policies 

(Työ- ja Elinkeinoministeriö, 2013, 5), policies which are favourable towards the ex-

pansion of pollution-free energy production in the form of renewable energy. One ap-

proach has been to increase incentives for investment into renewable energy and the 

removal of aid towards non-renewable energy production: “Renewable energy use will 

be increased to account for over 50 % of the final energy consumption in the 2020s. 

The long-term goal is for the energy system to become carbon neutral and be heavily 

based on renewable energy sources. Policy measures looking to 2030 take into account 

not only cost-effectiveness but also longer term needs to change the energy system.” 

(Työ- ja Elinkeinoministeriö, 2017, 32).  

Finland regards energy security as a vital and basic prerequisite of a healthy state of 

affairs in which the business of the state can function to its full potential. With the 

increased focus on renewable energy, Finland has turned its attention towards ensuring 

that Finnish energy sector can sufficiently supports its aims for the future. 

Finland’s energy policy has in recent years increasingly begun to promote and favour 

renewable energy over traditional energy sources, such as coal in particular. This has 

been shown in the creation of a temporary support scheme for the production of re-

newable energy, which is being seen as a trial towards the adoption of more permanent 

measures to increase renewable energy production (D&I Alert – Energy, Infrastructure 

& Natural Resources, 2016.) 
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3.2 Infrastructure 

There are approximately 75 electricity retailers in Finland which produce and sell elec-

tricity (Website of Työ- ja elinkeinoministeriö 2017). This electricity is distributed 

across the national grid, which is owned and run by Fingrid. Fingrid handles the elec-

tricity distribution network, including international connections, ensuring that electric-

ity has a secure means of delivery from producer to user. A typical Finnish energy bill 

will include the cost of energy production, grid distribution fee and taxes. Fingrid is 

the main operator of the Finnish electrical grid network, of which the Finnish govern-

ment is a majority stakeholder (Website of Fingrid Oyj 2018), and the Finnish electri-

cal grid is essentially leased by energy consumers to conduct the electricity their en-

ergy suppliers generate (Website of Fingrid Oyj 2018).  

 

 

Figure 6. Pie chart showing a breakdown, in percentage, of Finnish energy sources by 

production type in 2016 (Official Statistics of Finland (OSF), 2017) 

 

Wood fuels - 26

Oil - 23

Nuclear energy - 18

Coal - 9

Natural gas - 6

Net imports of 

electricity - 5

Hydro power - 4

Peat - 4

Others - 4
Wind power - 1

Finnish energy sources by percentage
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According to the data used in Figure 6, approximately 370 TWh of energy was con-

sumed in Finland in 2016. Wood fuels – in particular, black liquor and forestry by-

products – account for roughly a quarter of Finland’s energy consumption. Com-

bined with energy produced by oil, wood and oil represent approximately half of Fin-

land’s energy consumption sources. Regarding energy production which does not 

produce any greenhouse gasses, nearly 20% of Finland’s energy consumption is pro-

duced through nuclear energy, and a further 5% is from hydropower (4%) and wind 

power (1%). In combination, this equates to nearly a quarter of Finland’s energy con-

sumption coming from clean energy sources, when including solar power, sharing 

the label of ‘other’, which amounts to 4% in total.  

 

3.3 Economics 

Nord Pool Spot is the name given to the shared energy market of the Nordic and Baltic 

states along with a handful of other European countries, of which Finland is a member. 

Nord Pool Spot acts as a marketplace for the trade of energy as a commodity between 

member states, and so the prices are determined by market rules of supply and demand. 

This system aims to increase energy security, which is highly beneficial in the case of 

renewable energy expansion as it acts as insurance against situations where local re-

newable energy production is impacted by adverse conditions. This means that energy 

can be bought by an energy deficient region from a member state which is producing 

excess energy (Website of Nord Pool Spot 2017). 
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4 OVERVIEW OF THE PROPERTY  

4.1 Introduction 

The setting for this study is Köyliö, a town within the municipality of Säkylä, in south-

western Finland. The property is located within a forest area close to a number of local 

quarries. The forest is largely populated with pine trees which can reach nearly 30 

metres in height. An area of forest was purchased and the land cleared for the con-

struction of some properties to which this thesis applies – there are a number of struc-

tures on this property with a variety of functions. Although some of the structures are 

subject to shading from the surrounding forest, there are areas where shading does not 

occur until a point in the day where solar production is likely to be negligible anyhow. 

The main electric appliances are a number of fridges and freezers which includes a 

walk-in freezer and two deep freezers, an external two-unit HVAC system, and elec-

trical temperature control of the swimming pool. Numerous other domestic and tem-

porary heavy duty activities – often related to the continuing development of the cli-

ents’ property – further contribute to overall energy consumption. 

The electricity is supplied from the grid and heating is from pellet combustion at the 

outset of this thesis. The electricity plan is a one-tier system with the same price during 

the day as during the night. 
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4.2 Property overview 

There are four properties of note: the main house, the indoor swimming pool, the gar-

age, and the automobile storage hall with its attached residential wing. The pellet boiler 

is installed in a side building also attached to the automobile hall. These properties are 

privately owned by the client, and their layouts are shown in Figure 7.  

 

 

Figure 7. Overhead view of the properties which are a part of this study; the dashed 

line denotes the border between the addresses (Website of Google Maps 2017)  

 

There are two residents in the main house, which is a three floor structure completed 

in 2010. The garage has two floors and an attic, although the attic is not heated. The 

swimming pool is in a standalone building, completed 2013. The pool itself has a vol-

ume of 60m3, and is generally kept at around 15°C. The pellet system includes an 

external pellet silo, a pellet incinerator and boiler, and a redundant heating generator.  

The automobile hall has a separate address and electricity metre to the main house and 

will not be a part of this study, and is mentioned only because the most likely location 

for any solar panels will be on the roof of the automobile hall.  
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A direct current connection would be established between the solar panels on the au-

tomobile hall roof and the inverter, which will most likely be located within the main 

house, although the garage is also an option, depending on the preference of the clients. 

As the title to all of the properties mentioned in this thesis are held by the same person, 

there should be no legal issues concerning the transmission of electricity between prop-

erties with different addresses in this manner. 

 

4.3 Structural overview and potential solar mounting options 

Considering that heating requirements are currently met, it was decided to focus on 

electrical generation possibilities. As can be seen in the following chapters, particu-

larly in Figure 13, there is a promising overlap of electrical consumption and PV po-

tential during the summer. Although the initial solar energy study will focus on elec-

tricity, success with photovoltaic experiences may encourage the client to explore the 

possibilities of solar thermal energy as well. At this point however the focus is limited 

to PV. 

There are two basic requirements for PV panel placement: situating a panel at as per-

pendicular an angle as possible to the path of the sun, and avoiding shade. 

Two potentially suitable locations have been identified, namely the automobile hall 

and the garage.  

- the garage is somewhat isolated from any other structures and trees, which al-

lows for good sunlight cover 

- the automobile hall’s roof covers a large area, is quite tall, and is largely free 

from shadowing 

The main residence has been excluded from consideration due to the awkward shape 

of the roof. The swimming pool is not being considered as it is nestled in a corner of 

the property with significant tree surroundings, which leaves the building in a perpet-

ual state of shadow cover.  

The garage would perhaps be suitable for a very small system, as there is not a great 

deal of area on the roof. However, as shown in Figure 7, there is significant sun expo-

sure bias in the morning to the east side of the garage which consequently leaves the 

west side in shadow. Figure 7 shows that the entire roof area of the automobile hall is 

bathed in sunlight, and by facing south is well oriented in relation to the path of the 
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sun (from east to west), which means that there is a far more even distribution of sun-

light exposure throughout the day. Notably, the main balance of electricity consump-

tion occurs during the evening; this means that a PV array should favour access to 

sunlight when it the sun in the west (in the evening).  This makes the automobile hall 

the preferred installation option. 

 

Picture 1. The garage (Author, 2017) 

 

 

Picture 2. The automobile hall, showing residency wing (Author, 2017) 

 

This structure is 10.08m tall, 30m in length, 14m wide at the hall and 23.05m wide 

with the living quarters. The angle of the roof of the automobile hall is 20.2°. 
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A potential limiting factor for the size of a system is the space available for its instal-

lation. The available roof area is calculable using the angle of the roof and the width 

of the hall: 

 

 

• two of the angles are known: 20.2° and 90°, meaning the final angle must be 69.8° 

• the length of the adjacent side is known: half of 14m is 7.0m, and so the length of the 

hypotenuse can be calculated: 

 

sin(90°) x 7.0m

sin (69.8°)
 = 7.46m 

 

This gives the length of one side of the roof without taking into consideration the extra 

width provided by the eaves which extend beyond the width of the hall. Multiplying 

7.46m by the length of the hall (30.0m) gives an area of 223.8m2 on each side for 

fitting solar panels.  

Information from Finnwind shows that a 5kW system would require 20 panels. In a 10 

x 2 configuration, this would take up an area of 10m x 3.4m for a total of 34m2. Scaling 

this up means that a 10kW would require 68m2, 15kW would require 102m2 and 20kW 

would require 136m2 of area. It can be concluded that there is sufficient area for any 

of the four system sizes to be installed. 
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5 ENERGY CONSUMPTION 

5.1 Current energy sources 

 

At the outset of this project, there were two sources of energy being used. Electrical 

energy is supplied from the grid, from the supplier Köyliön-Säkylän Sähkö Oy. The 

second source for energy is from the combustion of wood pellets in an on-site boiler. 

This boiler generates heat which is used to heat water; heated water is then supplied to 

the automobile hall and to the main house through well insulated underground pipes 

which run directly from the boiler room on the side of the automobile hall to the main 

house. 

 

5.2 Electricity consumption 

Electricity consumption data for a period of five years has been collected from the 

client’s personal data available in the customer section of the Köyliön-Säkylän Sähkö 

Oy website (Website of Köyliön-Säkylän Sähkö Oy 2017). The data in Figure 8 shows 

electricity consumption in kWh per hour. The timeframe starts from January 1st 2012 

and continues to December 31st 2016.  

This data represents five years’ worth of electricity consumption data, taking into ac-

count all associated structures and activities which have registered on the meter of the 

clients’ home address; it is worth repeating once again that the automobile hall has a 

separate address, and any activities conducted there are not included. It can be seen  

from the original data that there is a sharp drop in electricity consumption in October 

of 2012, for reasons which are lost to time. As the data for this month is a clear anomaly 

which might affect the overall impression of energy consumption, the data for October 

2012 has been replaced with an adjusted figure to compensate. The substitute value is 

an average value calculated using the values for the October months of the proceeding 

four years (2013-2016).  
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Figure 8. Bar graph showing average electricity consumption over 5 years by month, 

with adjusted value for October 2012 (Website of Köyliön-Säkylän Sähkö Oy 2017) 

 

 

Figure 9. Bar graph showing total electricity consumption by year with adjusted value 

for October 2012 (Website of Köyliön-Säkylän Sähkö Oy 2017) 

 

 

Figure 8 shows the average electricity consumption by month over a five year period. 

The months covering the summer period stand out as particularly prominent. Figure 9 

shows that annual electricity consumption is over 20,000kWh and often very close to, 

or even passing, the 25,000kWh mark.  
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5.3 Analysis 

The four months of June, July, August and September represent the highest monthly 

electricity use, ranging from an average of 2629.1kWh in September to 2685.6kWh in 

August. December and January are the most consumption heavy winter months – as 

opposed to summer and early autumn – although at a whisker over 2,000kWh for De-

cember (which is over 100kWh more than January), they do not come close to match-

ing the 2,600+kWh consumption figures for June to September.  

Adjusting the consumption value for 2012 by substituting the dataset value with an 

averaged value for October showed a marked difference between the data and pro-

jected use. This can be considered significant as the unadjusted data would make it 

appear that the ~25,000kWh values of 2014 and 2015 are at the limit of consumption. 

The adjusted value in Figure 9 emphasises the fact that consumption can vary well 

beyond 25,000kh, and calculations should take this into account when designing the 

solar power system. 

The electricity consumption data shows that the electricity consumption is currently at 

between 20,000kWh and 25,000kWh per year. The months of highest consumption are 

September, July, June, and August, in that order, making these months the most suita-

ble for electricity supplementation. Identifying these months as being those at which 

consumption is highest highlights the merits of designing a solar energy system which 

can support the energy demands of these months in particular. 

Discussions with the client have made clear that energy-saving measures such as cut-

ting down on use of HVAC systems, minor home modifications or changes to lifestyle 

were not planned or considered feasible. This is partly due to the interior outlay of the 

house, which is open-plan. With the sleeping quarters of the clients being on the top 

floor, all the heat rises and collects at the top of the building during the day which can 

be especially disturbing to their sleep during the warmest months, so cooling is essen-

tial. 

The client has not expressed any plans to expand their activities in such a way as to 

increase their electricity consumption, rather they wish to supplement their current 

consumption as much as can be considered feasible with solar energy. Owing to this, 

it can be assumed that any system designed to fit their needs can be formulated to fit 

the most recent consumption data.  
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6 SOLAR ENERGY CALCULATIONS 

6.1 Solar energy potential in Köyliö 

Due to the northerly geographical location, Köyliö, like the rest of Finland, receives 

typically few hours of sunlight during the winter, although this also means that the 

hours of available sunlight during summertime are higher than in more equatorial lo-

cations. The analyses of electricity consumption in Köyliö have highlighted that the 

time of the year when there is the most pronounced electrical demand occurs during 

the time of year with the most sunlight exposure. 

It is possible when using the PVGIS online tool to pinpoint a geographical location  to 

an accurate degree. The online program ‘PVGIS’ (Photovoltaic Geographical Infor-

mation System) allows the user to input a set of variable values (Figure 10), and the 

algorithms produce results based on these inputs. The results include information rel-

evant to this paper such as a calculation for “Average daily electricity production from 

the given system (kWh)” and “Average monthly electricity production from the given 

system (kWh)” using EU climatological data. (Šúri, Huld, Dunlop & Ossenbrink, 

2007.) The projections were made with the inclination (‘slope’ in the program) set at 

20°, and ‘azimuth’ set at 40°. 

 

 

Figure 10. The PVGIS program interface showing the input options (Šúri, Huld, Dun-

lop & Ossenbrink, 2007) 



25 

 

 

Figure 11. Screenshot of SunCalc showing sun exposure for Köyliö on August 1st, 

2017, GMT+2 time zone (Website of SunCalc 2017)  

 

 

Figure 12. Details from Figure 11: basic data on the left, detailed data on the right 

(Website of SunCalc 2017) 

 

The SunCalc data in Figure 11 and Figure 12 show that there will be sunlight – pro-

vided weather conditions are accommodating – between the hours of 05:10 and 22:05 

on August 1st 2017, with a peak at 13:38. PV output will correlate with the angle of 

the sun, meaning that peak irradiance is likely to occur at around 13:30, although re-

sulting higher temperatures will likely have a negative effect on efficiency. The evi-

dence however is favourable with regards to solar radiation availability at this location.  
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6.2 Energy required vs. energy available from a PV system 

The PVGIS programme was used to obtain production estimates for systems of 5kW, 

10kW, 15kW and 20kW sizes. This data was combined with consumption data to pro-

duce the graph below (Figure 13). 

 

Figure 13. Graph showing average consumption by hour over a five-year period with 

estimated production by different systems sizes 

 

Figure 13 shows a detailed electricity use profile which highlights those hours of the 

day where electrical consumption is highest. The graph shows that consumption begins 

to increase from around 14:00, peaking at 21:00. The hours of highest (‘peak’) con-

sumption are between 19:00 and 22:00, which is when the occupants are known to be 

most active at home. Something worth noting is that there are times during the begin-

ning and end of the day where there is insufficient solar energy production to cover 

consumption requirements, but also that there are varying degrees of surplus produc-

tion which peak around midday. It is clear that both grid-sourced and solar-generated 

energy will be required to meet consumption needs. Peak consumption does not align 

well with production, and it would therefore be wise for the clients to consider if there 

are any activities which require electricity which currently occur after 14:00 which 

could be moved to an earlier time of the day when production would be higher. A 

possibility would be to install a simple timer on washing machines, or to set climate 

controls to cool the house more proactively during the day – when production is higher 

– so as to decrease the energy requirements for later in the day. This would increase 

the efficiency and thus cost-effectiveness of a solar energy system.  
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It is important to point out that the consumption profile in Figure 13 is the result of 

averaging five years’ worth of hourly data – that is, 1,826 days’ worth of data – without 

accounting for differences arising from different requirements owing to weather 

changes and so on. The reality is that both consumption and especially production 

fluctuate significantly over the course of a year. The graph is therefore merely to 

demonstrate some of the principles which apply to this case, and more precise calcu-

lations will require more detailed analysis which take these fluctuations into account. 

To this end, the consumption data for this property, covering every hour of each day 

over the course of five years, was processed so as to give an average consumption for 

each hour of the day per month, dividing data into monthly segments. Hourly produc-

tion estimates for each month from PVGIS were then compared to the consumption 

data. It was possible with the inclusion of PVGIS data to see how production matches 

consumption, highlighting periods of excess production and showing where consump-

tion would still need to be supplemented by grid-drawn electricity. It is worth men-

tioning that the PVGIS data is only applicable for the first year of production, and that 

degradation calculations based on solar panel information supplied by the manufac-

turer will be applied to production data in order to provide accurate estimates for pro-

duction and financial calculations beyond the first year. 

 

Table 1. A summary of excess production, savings and remaining grid-drawn electric-

ity requirements based on various system sizes for the first year, before any degrada-

tion of the efficiency of the systems has occurred 

 

System size Excess production  Remaining electricity supply deficit  

5kW 

10kW 

15kW 

20kW 

56.87 kWh 

1350.93 kWh 

4238.89 kWh 

7679.55 kWh 

19187.9 kWh 

16611.3 kWh 

15260.7 kWh 

14503.2 kWh 

 

Calculations were made using an average yearly consumption rate of 23,616.3kWh. 

An interesting aspect of Table 1 is the rate at which excess production increases with 

system size, especially when compared to the diminishing increases in consumption 

coverage. The reason for this is because consumption is relatively steady over 24 

hours, whereas the production profile is a bell-shaped curve owing to the availability 

of solar radiation throughout the course of a day. When overlaid with one another on 
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a graph, the consumption line is horizontal and always above zero, whereas the pro-

duction line will go from zero during hours of darkness to peaking around noon. The 

higher the system the rating, the higher the peak will be, sometimes rising far above 

the line of consumption. This is clearly illustrated in Figure 13. 

6.3 Degradation  

The manufacturer states that the degradation of the solar panels being considered oc-

curs at a rate of 2.5% over the first year, with a linear 0.67% rate of degradation from 

that point forward (see Vikram Solar Eldora Ultima Silver Series PV panel factsheet 

in appendix 2). A simple calculation is all that is needed to determine the efficiency of 

a system after degradation by the end of the 27 year warranty: 

 

2.5% + (26 x 0.67%) = 19.92%     (Equation 1) 

 

The result means that the solar panels are expected to be operating at around 80% 

efficiency after 27 years of use. However, calculating the effects this has on the finan-

cial aspect of things is not as simple. Although production can be quite easily calcu-

lated, production in relation to consumption will change, so over time the points at 

which production intercepts the line of consumption will change, which in turn will 

change the amount of excess energy generated (and thus income from selling excess 

production). A quick method for ascertaining whether this is true or not was to take 

the excel modelling for the first year, apply 27 years’ worth of degradation calcula-

tions, and then compare the results to the results of applying the simple calculation 

above (Equation 1). The first column in Table 2 shows the calculated excess produc-

tion for the first year. The second column (‘Final year excess production (kWh)’) 

shows the expected excess production after 27 years based on calculations which take 

into account the changes in the relationship between production and consumption over 

time, which can then be compared to column three (‘Final year excess production us-

ing Equation 1 (kWh)’) which shows the result of taking the first year’s production 

value and subtracting 19.92% (in line with Equation 1). 
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Table 2. Table highlighting the disparity between calculating the relationship between 

production and consumption over a time period of 27 years and simply applying the 

calculation from Equation 1 

System 

size 

First year excess 

production  

Final year excess 

production  

Final year excess production 

using Equation 1  

5kW 

10kW 

15kW 

20kW 

56.87 kWh 

1350.93 kWh 

4238.89 kWh 

7679.55 kWh 

5.78 kWh 

685.66 kWh 

2567.09 kWh 

5189.74 kWh 

45.54 kWh 

1081.82 kWh 

3394.50 kWh 

6149.79 kWh 

 

What this means is that the characteristics of the relationship between consumption 

and production will change depending on the year of operation. For example, calcula-

tions show that a 5kW system would be expected to produce a total of around 56.9kWh 

in excess energy in the first year of operation, and only 5.8kWh of excess in the 27th 

year. In comparison, a 20kW system would be expected to produce a total of around 

7679.6kWh in excess energy in the first year of operation, dropping to 5189.7kWh in 

the 27th year. Whereas the drop for a 5kW system stands at nearly 90%, the drop for a 

20kW system is closer to 32%, a difference which will affect the income generated 

from selling excess production – and consequently the financial overview of an instal-

lation – significantly. 

This can be taken into account by making calculations for each system size for each 

year of the expected 27 year degradation profile, and comparing the results to what is 

assumed to be the relatively stable consumption data. It takes some time and care to 

do so, but technology and programming allow for such work to be carried out at rea-

sonable speed; specifically, these calculations were made using Microsoft Excel.  

Calculating the relationship between energy demand and supply is not as simple as 

applying Equation 1. Solar energy generation is a bell-shaped curve on a graph, and 

energy consumption is a more-or-less straight line travelling horizontally across the 

graph. There is excess production if the dome of the bell-shaped curve rises above the 

line of consumption. When the dome rises above the line of consumption, there are 

two points of intersection: one where supply exceeds demand, and a second intersec-

tion where energy generation falls below demand. Taking into account that the area 

above the line of consumption represents excess production, Equation 1 does not cal-

culate the changes that occur when the points of intersection shift as a result of changes 

in energy generation (Figure 13 somewhat illustrates this principle). It is for this reason 

that a more comprehensive approach was needed for these calculations.  
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Table 3. The expected electricity deficit, in kWh, for the first year of production of a 

5kW system 

 

 

Five years’ worth of hourly consumption data was processed so that for each month 

there was an average consumption-by-hour value.  These values provide the base value 

in Table 3. The value is shown as a negative because these values are being represented 

as an energy deficit.  

The production data from the PVGIS program resulted in a value which was positive, 

so that it could be ‘overlaid’ on the consumption data. Essentially, production values 

are being added to the consumption values to see how much of the deficit can be cov-

ered, and how much of a deficit remains. The values seen in Table 3 are the result of 

the consumption deficit plus the production values. If a value shown in Table 3 is a 

negative, it means that a supply deficit remains despite the solar energy supplied, and 

this must be covered by grid-drawn energy. If the value is near 0, it means that the 

production can be expected to generally cover the consumption needs. If the value is 

above 0, then there is excess energy, and this can be sold. 

As an example, in Table 3, it can be seen that for ’1’:‘00:00’, the value is -1.968. That 

means that with a 5kW system installed, the household is expected to still require ap-

proximately 1.968kWh of energy to be supplied from the grid between the hours of 

00:00 and 01:00 in the month of January. Looking at ’4’:’12:00’, however, it can be 

seen that there is a value of 0.460. This value being positive means that there is ex-

pected to be an instance of production exceeding demand, resulting in what is called 

‘excess production’, between the hours of 12:00 and 13:00 in April.  
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Table 3 shows the expected situation for the first year of use. For the purposes of this 

study there are 27 years’ worth of tables for system sizes of 5-, 10-, 15- and 20kW to 

match the 27 years of performance data provided in the solar panel information sheets. 

Each year of production is slightly different due to the deterioration in performance of 

the solar panels that occurs with the passage of time. Although the expected consump-

tion rates are being assumed to be identical for each year, the production is known to 

be different, and this needs to be taken into account when calculating the feasibility of 

a given system. 

Equation 1 was used to calculate the expected production in a given year by modifying 

it slightly: 

 

Production value x (1 - (0.025 + ((year of operation – 1) x 0.0067)))         (Equation 2)  

 

Equation 2 allows the expected production of a solar energy system to be calculated 

for any year, which, when applied over 27 years, provides a complete calculated esti-

mate for production over the lifetime of systems of various sizes. It also makes it sim-

ple to compare solar and grid-drawn energy supplies and requirements, and to calculate 

the resulting economic circumstances. 

Altogether this produced data which showed the estimated surplus production and en-

ergy deficit for 27 years of solar energy production whilst accounting for expected 

efficiency changes. These figures could then be processed into financial information – 

for example, the energy deficit was multiplied by the practical price of energy 

(€0.13/kWh) to estimate how much the cost of grid-drawn energy would be with each 

systems’ installation.  

 

6.4 Photovoltaic equipment costs 

Finnwind provided information on the prices for 5kW, 10kW, 15kW and 20kW sys-

tems. The costs cover the whole system but do not include service costs such as instal-

lation for systems other than the 5kW system, and as a result these costs must be esti-

mated and factored in later.  



32 

 

An itemised offer for a 5kW system was given outright as €7,191.45 without VAT 

(Value Added Tax), which becomes €8,917.40 when the 24% VAT was included (Ap-

pendix 2), and €9,072.40 with the addition of a data card for monitoring. For larger 

systems, the prices given by Finnwind – including the 24% VAT – were: 

 

- a 5kW system costs €1.74/Wp (including installation) 

- a 10kW system costs €1.30/Wp 

- a 15.6kW system costs €1.27/Wp 

- a 20kW system costs €1.23/Wp 

 

This gives a total equipment cost for the systems of: 

 

- €9,072.40 for a 5kW system (including installation) 

- €13,000 for a 10kW system   

- €19,812 for a 15kW system   

- €24,600 for a 20kW system  

 

For 10kW, 15kW and 20kW systems, there appears to be a pattern: the pre-tax price 

seems to drop by €0.03/Wp for every additional 5kW increase to a system size. Using 

this as a template, one could infer that a 5kW system costs €1.00/Wp before installation 

costs are included. This would suggest that installation costs around €0.36/Wp. This 

can be used to inform a rough estimate as to the possible equipment-plus-installation 

costs of each system size (prices include VAT): 

 

- a 5kW system costs €9,072.40  

- a 10kW system costs €16,600 

- a 15kW system costs €24,450 

- a 20kW system costs €32,000 

 

Since more information on actual installation costs for systems sized above 5kW is not 

available, these will be the estimates used in financial calculations going forward. 
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6.5 Projected grid-sourced energy costs 

Figure 14 displays the price of electricity in Finland over 2016 and 2017, in euros per 

kWh, from the Nord Pool statistical archives. It shows that the average price was 

close to 0.030 €/kWh at the beginning of 2016, creeping up towards 0.035 €/kWh by 

the end of 2017, an increase of roughly 15% over two years, or around 8% annually. 

These are the baseline prices for electricity, and the price per kWh of electricity for 

the customer is in reality several times higher once additional costs are factored in. 

When purchasing electricity, a customer pays for the electricity, the transfer of the 

electricity and taxes.  

The understanding to be taken from the data is that there is an upward trend in grid 

drawn electricity prices. This underlines the idea that grid drawn electricity prices are 

increasing, something which lends support towards any considerations on installing a 

solar energy system. 

 

 

Figure 14. Finnish electricity prices showing an upward trend over the past two years, 

in euros per kWh (Website of Nord Pool 2018)  

 

It is necessary to have an accurate understanding of the prices that the clients are fac-

ing for their electricity. This can be determined by looking at one of the client’s en-

ergy bills, shown in appendix 1. By taking the final sum of the bill and dividing it by 
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the number of kilowatt hours being charged, we find that the effective price of elec-

tricity is approximately €0.13 per kWh. This means that a customer pays around 

€0.10 extra per kWh in additional expenses on top of the baseline electricity price. 

With the information available it is possible to compare the costs of grid-sourced and 

grid-plus-solar subsidised systems. The financial incentives are the savings made as a 

result of supplementing grid-sourced energy consumption in addition to income from 

selling excess generated energy to the grid. Each system would be expected to pro-

duce some quantity of excess energy which could be sold to the grid, although this 

appears to be negligible in the estimations for a 5kW system. For the other system 

sizes however, the estimated production of excess energy increases quite dramati-

cally, although the potential income available from this must be compared to the in-

vestment costs associated with the respective larger systems.  

 

 

6.6 Excess energy income  

With all the system sizes under consideration, from 5kW to 20kW, there are times of 

the day where solar energy production will be in excess of consumption. The resulting 

excess energy can be sold back to the grid. Specifically, we will be looking at selling 

excess solar energy production to Köyliön-Säkylän Sähkö, the firm which is the cur-

rent provider of electricity to the clients.  

The information provided by Köyliön-Säkylän Sähkö states that they purchase excess 

consumption at the price of the Nord Pool SPOT rate minus 10% (Website of Köyliön-

Säkylän Sähkö 2017). For example, if the SPOT rate was €0.03/kWh, the price that 

Köyliön-Säkylän Sähkö would pay would be €0.027/kWh. The Nord Pool SPOT price 

for Finland has been, on average, in the region of €0.03/kWh over the past two years, 

making it a fairly stable value for calculations concerning grid-drawn electricity costs 

for comparison with solar energy system estimates. 
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6.7 Payback time 

It is an essential part of a solar energy system feasibility study to determine the pay-

back time of a proposed system. This refers to how long it will take before the cumu-

lative savings from the installation of a solar power system equal the investment cost 

of the solar energy system. PVGIS calculations, consumption data, Finnish grid-en-

ergy price estimations, solar energy system equipment and installation cost approxi-

mations all combine to present a picture of what can be expected from different solar 

energy system sizes and the associated financial details.  

 

 

Figure 15. Graph showing the value of a solar energy system compared to the esti-

mated costs of the various solar systems over a 27 year span. Dashed lines represent 

estimated system costs, and solid lines represent estimated savings plus income from 

excess production. 

 

In Figure 15, the ‘value’ of a solar energy system is the combined total of savings (the 

energy which was supplied by the solar energy system and therefore not purchased 

from a grid supplier) plus the sale of excess energy, adjusted for time. As the values 

accumulate in Figure 15, they can be compared to the cost of the solar energy system. 

For a solar energy installation to be considered feasible, the savings must overtake the 

costs within a reasonable timeframe; after this point, the savings from a solar energy 

0

5000

10000

15000

20000

25000

30000

35000

40000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

E
u
ro

s

Year

5kW 10kW 15kW 20kW

5kW 10kW 15kW 20kW



36 

 

system cease to contribute towards repaying the initial investment and start to result in 

outright savings on energy costs. 

The point of intersection in Figure 15 between the solid and dotted lines of, for exam-

ple, the 5kW system, marks the point at which the system has paid for itself. Table 4 

shows the estimated payback times for each system, based on Figure 15. 

Table 4. Estimated payback times by system size based on Figure 15 

System size (kW) Payback time (years) 

5 

10 

15 

20 

17 

18 

21 

24 

 

It can be seen quite clearly that the larger the system size, the longer it will take to 

reach a point of breaking-even, with an almost linear progression. Despite the long 

payback time for some systems, estimations nevertheless project that total savings will 

be produced by each system over the course of 27 years: 

 

• 5kW: €5,274 

• 10kW: €7,324 

• 15kW: €6,389 

• 20kW: €3,821 

 

One potential issue which should be taken into account is the possibility of an increase 

in system price due to the addition of interest payments. Discussions with the clients 

suggest that it is likely that any solar energy system investment will be at least part-

financed through a bank loan. There are a number of factors which make it tricky to 

nail down precisely what the terms of a loan would be in this case, but discussion with 

the clients have suggested that a likely rate of interest would be expected to be approx-

imately 3%. This should be sufficient information to provide an estimate of how this 

would affect the price of a system under loan circumstances. The prices of the systems 

were increased by 3.5% to compensate, resulting in the information in Figure 16.  
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Figure 16. Identical to Figure 15 but with interest-adjusted system-cost increases, 

showing a higher price and longer break-even time periods 

 

Figure 16 illustrates how an expected 3.5% increase to the overall cost of installing a 

solar energy system would affect the break-even point. The 3.5% increase also affects 

the expected total savings: 

 

• 5kW: €4,955.50 (a drop of €318.50) 

• 10kW: €6,743 (a drop of €581) 

• 15kW: €5,533.25 (a drop of €855.75) 

• 20kW: €2,701 (a drop of €1,120) 

 

Table 5 is an updated version of Table 4 which reflects these developments. What it 

shows is that the increase in overall cost seems to affect the payback time by pushing 

it back by about a year.  

Table 5. Estimated payback times by system size based on Figure 16 

System size (kW) Payback time (years) 
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What if certain conditions change? Two possibilities were considered: that the price 

of a solar energy system would drop by 10%, and that the price of grid-drawn electric-

ity would increase by 0.001 €/kWh a year after the first year of installation.  

In the case of the price of a solar energy system’s price dropping by 10%, this is simply 

taking into account the factors which have been behind the drop in the cost of solar 

energy, factors such as increased solar energy component production capacity (higher 

manufacturing capacity reduces costs), improvements in the underlying technologies 

(increasing efficiency), the increase in competition for clients in the solar energy mar-

ket (leading competing businesses to make increasingly competitive offers), the ability 

of emerging economies to manufacture components previously only manufactured by 

more developed economies at a cheaper price. The effect that a 10% drop in cost would 

have is illustrated in Figure 17. 

 

Figure 17. Identical to Figure 16 but with system costs reduced by 10%. 

 

Table 6. Estimated payback times by system size based on Figure 17. 

System size (kW) Payback time (years) 

5 

10 

15 

20 

16 

17 

20 

22 
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Table 6 makes shows that payback times decrease by around a year for a 5kW system, 

by two years for 10- and 15kW systems, and by three years for a 20kW system.  

However, matters get much more interesting when referring back to Figure 14, where 

a general upward trend in the cost of grid-drawn electricity over two recent years can 

be seen. For several years now there have been warnings from various news outlets, 

quoting a number of respectable sources, that energy prices are expected to rise in the 

foreseeable future. In order to simulate this, Figure 17 was recalculated with the added 

factor of grid-drawn energy prices increasing by 0.001 €/kWh each year after the first 

year of installation. The result is presented in Figure 18. 

 

 

Figure 18. Identical to Figure 17 but with a linear increase in the price of grid-drawn 

energy taken into account 

 

Table 7. Estimated payback times by system size based on Figure 18. 
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Figure 18 and Table 7 make for interesting speculation. The conditions in Figure 18 

are that the cost of the solar energy systems have dropped by 10% in comparison to 

the solar energy system prices in chapter 6.4, a loan with an interest rate of 3.5% has 

been included in the cost of the systems, and an increase in the price of grid-drawn 

energy of 0.001 €/kWh per year after the first year of installation has been applied.  

The drop in system cost and increase in the price of grid-drawn energy would clearly 

favour the installation of a solar energy system, to the point that there is a change in 

perspective of the appeal of a 20kW system, which initially looks ridiculous in Figure 

16, but then begins to look like a potentially profitable investment in Figure 18. In 

contrast, a 5kW system loses ground in terms of appeal, and it becomes more chal-

lenging to argue its case over that of the other system sizes.  

Ultimately, however, it must be understood that there is no guarantee whatsoever that 

a 10% drop in system cost or an increase in the price of grid-drawn electricity will 

come to pass. As a result, although they look promising, Figures 17 and 18 cannot be 

considered to be based on reliable information, and they will not be discussed in the 

conclusion. It is however at the discretion of the clients if they wish to take Figures 17 

and 18 into consideration based on their own best judgement when making a decision 

on the role that solar energy will have in their future. 
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7 CONCLUSION 

It is clear that this property meets the criteria for a photovoltaic solar power system. 

The energy consumption is projected to be comfortably and even profitably covered 

by each of the solar system sizes. With such a good fit between requirements and po-

tential, the main question is, if an investment is going to be made, which size system 

to choose.  

It seems worth mentioning beforehand that two factors which have not been included 

in the final calculations may increase the appeal of the solar energy systems: poten-

tially over-estimated installation cost figures and the effect of rising grid-drawn energy 

prices. Concerning the installation costs estimated for each system above 5kW, it is 

entirely possible – if not likely – that the installation cost will not remain equal per 

kWp, but will decrease conversely to kWp rating increases. Taking this into account 

reduces the investment cost for the systems above 5kW. Concerning increasing grid-

drawn energy prices, the upward trend in prices serves to increase the value of each 

kWh generated by a private solar energy system; ultimately, it suggests that the value 

of the energy expected to be produced may increase over time. As neither of these 

dynamic factors have been included in calculations, it could be said that the benefits 

as stated in this conclusion are conservative, and that there is room for greater financial 

advantages than are presented. In addition to the two aforementioned factors, it is en-

tirely possible that the interest-inflated system cost values are overestimates – for ex-

ample, the clients may not take out a loan for the full cost of a system, which would 

decrease the actual amount of interest paid. 

That being said, calculations project an estimated net profitability from each of the 

systems; in other words, each system is expected to repay its investment cost through 

the savings it provides from the energy it generates, and to then generate further sav-

ings thereafter. However, not all of the system sizes are equal in how effective they 

are expected to be at fulfilling these requirements. 

The 5kW system has a number of advantages: the lowest investment cost, the least 

extensive system in terms of equipment, which also means the fewest number of com-

ponents with the potential to malfunction, the quickest payback time period, and the 

third-highest but close to second-highest post-payback financial value. Although the 

5kW system’s post-payback financial value is similar to those of the other systems, 
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this figure increases in value when considered alongside the size of the system: a post-

payback value of as-near-as-makes-no-difference €1,000/kWp system size, which is 

far beyond what any of the other systems can offer.  

The 10kW has the second lowest investment cost, and a lower cost per Wp investment 

cost than the 5kW system, as well as the second the quickest payback time. The 10kW 

system’s main attraction however would be its post-payback financial value, which at 

over €6,500 is a not-inconsiderable amount.  

The 15kW system provides even greater price-per-Wp investment value than the 5kW 

and 10kW systems, as well as the second-highest post-payback financial value, but 

this is offset by the long payback time. At this size, the system is also more difficult to 

maintain and at higher risk of malfunction compared to smaller systems with fewer 

components to manage. 

The 20kW system’s only apparent positive aspect is that it has the lowest price-per-

Wp investment cost of all the systems considered. In every other sense, however, it 

has the worst features: the most number of components and their associated potential 

problems, the longest payback time, highest investment cost and lowest post-payback 

financial value.  

The 5kW and 10kW systems are considered to be the most attractive options. The 5kW 

system is most highly recommended, although should investment liquidity not be com-

promised, the 10kW system would also be recommended for consideration as it offers 

the highest post-payback value. 
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