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RESUMEN 

En este Proyecto se diseñará un sistema domótico auto suficiente, es decir, toda la energía 

utilizada para alimentar este sistema vendrá proporcionada por un sistema fotovoltaico. 

Con lo que se afrontará el diseño de la instalación fotovoltaica que formará parte esencial 

en la elaboración del proyecto, de hecho será la instalación más compleja. Para 

aprovechar al máximo el rendimiento de nuestro diseño, el sistema domótico tendrá entre 

sus funcionalidades la del consumo eficiente de la energía eléctrica,  además el sistema 

fotovoltaico proporcionará suministro eléctrico a todo el recinto, con la excepción de la 

calefacción que irá conectada a la red eléctrica, debido a su alto consumo. La instalación 

del sistema propuesto en el diseño estará localizada en una típica cabaña de verano 

finlandesa, de un solo piso, de tamaño mediano (70 m2), con las siguientes dimensiones 

(9.9 m x 7.06 m). El emplazamiento de la instalación será al sur de Finlandia con la 

finalidad de obtener un mayor rendimiento de la planta fotovoltaica, en un punto cercano a 

la localidad finlandesa de Espoo, con unas coordenadas exactas 60°15'04.3"N 

24°40'40.9"E. 

En el inicio del proyecto se comentan algunas generalidades acerca del cambio climático 

en general, y posteriormente de Finlandia en particular. Estos apartados tienen como 

objetivo centrar al lector de la importancia que tiene que dar el ser humano no solamente a 

extraer recursos, sino al cómo, y las consecuencias que ello conlleva. Se proponen 

algunas soluciones entre las que tiene un apartado especial el uso de las energías 

renovables, y más concretamente la energía solar, de la que se hace un exhaustivo estudio 

de su uso en Finlandia que es más bien escaso debido a las duras condiciones climáticas, 

y a la ausencia de subsidios, aunque su uso se incrementa año a año según las 

estadísticas. También se comentan algunas iniciativas de los gobiernos de la UE, y de 

Finlandia en lo referente al cambio climático, y las energías renovables. 

El siguiente bloque representa el contenido “real” del proyecto, éste se divide a su vez en 

dos sub bloques, cada uno de ellos trata uno de los diseños a implementar. Se empieza 

por el más complejo el de la instalación fotovoltaica, explicando al inicio algunas 

propiedades físicas a tener en cuenta como la radiación solar, estructura, y características 



eléctricas de una célula solar, y los componentes necesarios para la instalación de un 

sistema fotovoltaico aislado. Finalmente, se lleva a cabo el diseño de la planta solar 

teniendo en cuenta la superficie total que disponemos (en nuestro caso el tejado), la 

energía consumida, y la situación geográfica del emplazamiento. El método empleado para 

el diseño es el correspondiente a las instalaciones solares aisladas, y los datos necesarios 

para la realización del diseño son tomados del programa PVGIS proporcionado por la 

comisión europea. Se termina este bloque con la presentación del presupuesto, con alguna 

propuesta para reducir el elevado precio de la energía. Se continúa con el siguiente sub 

bloque, el del diseño de la instalación domótica, al igual que en el caso anterior se hace un 

estudio de la tecnología a utilizar, explicando las utilidades de este tipo de instalaciones, 

elementos de una instalación domótica tales como redes, sensores, actuadores; 

características electrónicas de estos dispositivos, medios de transmisión, tipos de Smart 

home, y tipos de protocolos. Finalmente, se eligen una serie de productos domóticos 

teniendo en cuenta la estructura de la casa, la eficiencia energética necesitada, y otras 

comodidades, y la compatibilidad de todos ellos, asegurándonos que se comunican 

inalámbricamente sin problemas, dando una solución simple, económica, y controlable (se 

puede monitorizar mediante un Smartphone) a nuestro proyecto. 

Finalmente, se termina el proyecto con un breve estudio acerca de la viabilidad económica 

del diseño. 

ABSTRACT 

In this final thesis, it will be designed a home automation system supplied by a photovoltaic 

system. Thus, it will tackle the design of a photovoltaic installation, which will form an 

essential part during the development of the final thesis, in fact it will become in the most 

complex installation. In order to make the most of the system yield, the home automation 

system will get among its functionalities, the efficiency consumption of electric energy, 

furthermore the photovoltaic system will provide electrical supply to the whole compound, 

with the exception of heating, which will be connected to the mains, due to its high 

consume. The installation of the system proposed in the design is located in a typical 

Finnish summer cottage, single story, medium size (70 m2), with the following dimensions 

(9.9 m x 7.06 m). The emplacement of the installation will be in southern Finland in order to 



obtain a higher yield of the photovoltaic plant, at a point close to the Finnish town of Espoo, 

with exact coordinates 60°15'04.3"N 24°40'40.9"E. 

At the kick-off of the final thesis, some generalities are made about the climate change in 

general and later from Finland in particular. These sections aim to focus the reader on the 

importance that the human beings have to give, not only to take out resources, but also 

how, and the consequences that this entails. Some solutions are proposed, including a 

special section about the use of renewable energies, and more specifically solar energy, 

from which a comprehensive study is made about its use in Finland, which is rather scarce 

due to the harsh climatic conditions, and the lack of grants, although their use increases 

year by year according to stats. Some initiatives made by EU and Finland administrations, 

are also commented in relation to the climate change, and the renewable energies. 

The next stage represents the “real” content of the final thesis, it is divided into two sub 

stages, each one of them, is one of the designs to implement. It begins with the most 

complex design, the photovoltaic installation, explaining at the beginning some physical 

properties to consider as the solar radiation, structure, and electrical characteristics of a 

solar cell, and the necessary components for the installation, of a stand-alone power 

system. Finally, the design of the solar plant is carried out, considering the total area that 

we have (in our case the roof), the energy consumed, and the geographical location of the 

compound. The method used for the design, it’s the appropriate to the stand-alone power 

systems, and the data necessary for the performance of the design are taken from PVGIS 

program provided by the European commission. This stage ends up with the presentation 

of the budget, with some proposal to reduce the high energy price. It goes on with the next 

sub stage, the design of the home automation system, as in the previous case a study of 

the technology to be used is made, explaining the applications of this type of installations, 

elements of a home automation system such as networks, sensors, actuators; electronic 

features of these devices, transmissions mediums, smart home types, and protocol types. 

In the end, we choose a series of products for this installation, taking into account the 

structure of the house, energy efficiency needed, and other amenities, and the compatibility 

of all of them, ensuring that they communicate wirelessly without any problem, giving a 

simple , economical, and controllable (it can be monitored by a smartphone) solution to our 

design. 



At the end of the final thesis, a brief study about the economic viability of the design is 

explained. 
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1. INTRODUCTION 
 

Our world is constantly in evolution; the resources which we were using few decades 

ago are not the same that we are currently using. In this project I will propose a new 

energy source according to the new times, and probably the energy that we will have 

to use in the future if we want to continue in the right way. 

During the whole existence of human beings, we have been all the time trying to find 

new resources to improve our life quality, and the truth is that the actions we are 

doing now they will have consequences in the future. For this reason, we have to think 

and try to balance two things. We have to be sure that the quality of life is not 

damaged very much; in fact it should be improved. And we have to be sure we are not 

damaging the environment, even for long-term, since we get resources from the 

environment, we are totally environment dependents. So, every project which is 

thought attending only the life quality and the economic factor without caring about 

the environment factor, it will finish in failure, since we would be damaging our 

environment. 

In conclusion, our project will be focused in satisfying these three aspects: 

 Economic: if a project is not viable, it’s immediately discarded. 

 Life quality: any project won’t be interesting if it doesn’t improve the life of 

society. 

 Environmental: we get everything from the environment resources, so a project 

which damages the environment, it will jeopardize our planet and the 

resources which we can take from it. 

Furthermore, we have to consider that the Global Warming is a trouble in which 

everyone is involved. Thus, is our responsibility to spread this message around the 

world, and the best method to get it is to promote this kind of point of view to other 

countries, investing money in researching, and helping to other countries in order to 

change their point of view respecting to the climate change. 

From another point of view, this project is based in two technologies which are novels, 

with a great future for future job opportunities. For instance, the photovoltaic sector is 

growing each year, and it’s a renewable energy, as well, so we will use an energy which 

is not damaging to the environment, and also we will ensure that this energy is 

efficient and economic, in such severe weather as the Finnish. The other technology  
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will be the home automation, one service which it foretells; it will become necessary in 

the future houses. 

1.1 Aims 
The next project will try to pass the different challenges that we are going to face such 

as environmental, energetic, efficiency troubles. Definitely, I’m going to make a 

solution for the current world problems, although it has already been proposed, trying 

to spread the message of the importance of using a clean, efficient energy for the 

future. 

It arises to build a self-supplied house in Finland, using only solar energy as sole 

resource to supply energy for the whole house during even the worst moments in the 

winter time. This proposal carries an economic saving, since we won’t need to connect 

to the mains because you would be self-supplied. And also, you would be favoring the 

environment, because you would be using a renewable energy. 

However, the Finland weather we all know that it’s really tough, since in the winter 

months there are barely sunshine hours. This is one of the reasons for that the home 

automation is going to be really useful in our project, because the home automation 

system which we are going to install it will be able to rationalize consumption. Turning 

off or reducing consumption of the electronic or electrical devices which are not useful 

in that moment. 

First of all, I will introduce to the reader into the current situation of the world and I 

will focus in the one of the biggest problems that the world governments will face: the 

Global Warming. I will explain the main effects of the Climate Change that we are 

suffering, and the consequences of this phenomenon. Later, I will write about the 

different solutions that we have in order to reduce the Global Warming effect. Mostly, 

I will focus in the renewable energies, especially the energy we are going to use, 

photovoltaics. Then, I will explain briefly the current environment situation about the 

country where I am going to build the solar panels, Finland. Also, I will analyze the 

current political moment, from the legislative, normative, and social point of view in 

Finland and in the European Union.  

Secondly, I will explain the different kind of technologies which I’m going to use: home 

automation and photovoltaics. I will explain the features, devices, applications, 

structure. In each technology, I will expose the basic fundaments and the rules that we 

have to follow when we are using them. 

Finally, I will take the suitable decisions in different phases to install the photovoltaic 

system and the home automation system in a residential house in Finland. The main  
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aim is installing a photovoltaic power generator system, which is going to be able to 

supply enough energy for the automation home system, and some typical home 

devices such as fridge, microwave, sockets, and much more. Lastly, I decided to not 

supply energy for the heat system because likely it is not going to be economically 

viable in a place like Finland. 
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2. CURRENT ENVIROMENT 

 

2.1 Climate change issue 
 

As we know the Global Warming is a really big problem nowadays, but according to the 

experts is going to be worse in the future. Specially, because we haven’t even started 

to feel the consequences of this phenomenon, probably our sons are going to note 

much more than us, and it will be partly our fault. 

Indeed, the human action it’s the principal reason of the Global Warming. There is a 

great consensus on this statement. In fact, in the Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change (IPCC) of the United Nations (UN) met 

around 500 main authors, 2000 expert reviewers, scientists, economists and politicians 

from around 120 countries. In order to analyze the current situation with regard to 

climate change, and also they forecasted its potential effects and mitigation 

alternatives and adaptation. The final result was the widest report, detailed, and 

updated summary of the climate change situation, made ever until its writing date 

(2007). 

According to this report there are more than 90 percent chances that the emissions of 

heat-trapping gases from human activities have caused most of the observed increase 

in globally averaged temperatures since the mid-20th century. But, we have to consider 

that there are more factors apart from human activity such as changes in the sun’s 

intensity and volcanic eruptions that throw heat-trapping gases in the atmosphere. 

These factors are called “climate drivers” (Ekwurzel 2016). 

The next inquiry which we should wonder is how the experts know the most important 

factor in this Global Warming is the human action. This claim is justified by the 

following arguments: 

 Currently, the scientists know a carbon molecule which comes from fossil fuels 

and deforestation is lighter than the combined signal of those from other 

sources. Thus, they can check the atmosphere of our planet and analyze the 

percentage of carbon dioxide which comes from burning coal, oil and gas to 

generate electricity and satisfy other human necessities. The truth is the 

scientists have seen a clear increase in the molecules from fossil fuel and  
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deforestation sources in these last years, and how much more carbon dioxide 

molecules are, atmosphere will trap more heat. Therefore, there is an 

important culpability grade on carbon overload (Ekwurzel 2016). 

 As we said in the last point, the natural changes can’t explain the Global 

Warming. The scientists can check this with a computer model which can 

accurately reproduce observed temperature changes. However, when they 

include only the natural drivers, and not the human drivers; the computers 

can’t capture accurately the observed warming of the past half century. On the 

contrary, when human-induced climate drivers are also included in the models, 

the computer captures are totally accurate. So, if we compare these two 

different drivers: human-induced, and natural; we will reach to the conclusion 

that the human-induced driver is by far the largest climate change driver over 

the past half century (Ekwurzel 2016). 

 Two important changes are happening in our atmosphere, on the one hand the 

boundary between the lower atmosphere (troposphere) and the higher 

atmosphere (stratosphere) has shifted upward in recent decades. On the other 

hand, the two atmosphere layers are following two different trends: the lower 

atmosphere expands as it heats up, while the higher atmosphere is cooling, 

since less heat is escaping into this layer, the lower atmosphere layer is saving 

most of heat. These two phenomena occur because the gases from the human 

action are accumulating in the lower atmosphere. It should be noted that, this 

differential would not occur if the sun was the only climate driver, since the 

solar changes would warm both atmosphere layers (Ekwurzel 2016). 

 

Furthermore, weather stats can prove the Global Warming. The atmospheric 

concentration of CO2 has increased from a pre-industrial age (AD 1000 – 1750) 

concentration of approximately 280 part per million (ppm) to around 383 ppm, as 

measured at Mauna Loa, Hawaii in 2007. Apart from this, there are more stats which 

are due to the Climate Change. According to the NASA stats (Climate change: How do 

we know? NASA): 

 Sea level rise: global sea level rose about 17 cm in the last century. However, in 

this last decade, the rate has increased the double. This level rise is due to the 

added water from the melting land ice and the expansion of the sea water as it 

warms. In this chart, we can see this increase: 
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Picture 1 

 Global temperature rise: earth temperature has increased since 1880. Most of 

this warming has occurred since the 1970s, with the 20 warmest years having 

occurred since 1981 and with all 10 of the warmest years occurring in the past 

12 years. Even though the 2000s witnessed a solar output decline resulting in 

an unusually deep solar minimum in 2007-2009 surface temperatures continue 

to increase. The times series blow shows the average temperature of each year 

since 1880: 

 

 

Picture 2 

 Warming oceans: Much of this heat increasing is absorbed by the oceans. 

However, the water temperature is boosting, as well. In fact, in the first 700 

meters of ocean showing warming of 0.302 degrees since 1969. This could 

affect to the sea fauna. 
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 Shrinking ice sheets: as we can see in the following chart the Greenland and 

the Antarctic ice sheets have decreased in mass. According to the NASA, 

Greenland lost 150 to 250 cubic kilometers of ice per year between 2002 and 

2006, while Antarctica lost about 152 cubic kilometers of ice between 2002 and 

2005: 

 

Picture 3 

 

 

Picture 4 

 

The same happens with glaciers, the Artic sea ice, and with the snow cover. 
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 Ocean acidification: there is another problem with the carbon dioxide, since 

the beginning of the Industrial Age, the acidity of surface ocean waters has 

increased by about 30 percent. As part of this carbon dioxide, emitted by 

human beings, is absorbed by the oceans. In fact, the amount of carbon dioxide 

absorbed by the top layer of the oceans is increasing by about 2 billion tons per 

year. This also seriously affects marine wildlife. 

 

 

 

Anyway, the next question which we should wonder is “is it necessary to worry about 

these new events”. First of all, if the governments didn’t do anything, the weather 

would be more polluted with contaminants and toxins which could cause us a lot of 

diseases such as cancer, respiratory problems, etc. Also, the recent temperature 

increase, although the changes are not really appreciable, trigger natural disasters 

such as floods, droughts, wildfires; all are more frequent each year. These natural 

disasters are damaging our lands, harvests, woods, biodiversity, and much more things 

which are basic resources for us, thus without them our life quality, and those of our 

children will be diminished (Jasmine 2016). 

From an economic prospect, Stern pointed out in his report (Stern Review on the 

Economics of Climate Change 2006) the benefits of early action on climate change far 

outweigh the costs of not acting. Namely, if we don’t do anything the economic impact 

can be catastrophic. According with this report the overall costs will be equivalent to 

losing at least 5 % of Global gross Domestic Product (GDP) each year. This percentage 

could reach until the 20% in the worst circumstances. 

 

2.2 Solutions: Renewable energy 
 

The Kyoto protocol was the first agreement between nations to mandate country-by-

country reductions in greenhouse-gas emissions. Kyoto emerged from the UN 

Framework Convention on Climate Change (UNFCCC), which was signed by all nations 

at the 1992 mega-meeting popularly known as the Earth Summit. However, it’s 

obvious that many of the developed countries are very responsible for the current 

levels of greenhouse gases, so they were forced to reduce the emissions, while the 

developing countries don’t need to fulfill the protocol. The greenhouse gases that the  
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industrialized countries have pledged to reduce are carbon dioxide (CO2), Methane 

(CH4), nitrous oxide (N20), Sulphur hexafluoride (SF6), and two groups of gases, 

hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs). Finally, the Kyoto Protocol 

was adopted in Kyoto Japan, on 11 December 1997 and entered into force on 16 

February 2005 (Spanish government. Energía y  cambio climático).  

Nevertheless, there was another meeting in Doha Qatar on 8 December 2012, called 

Doha Amendment to the Kyoto Protocol. The amendment includes: 

 New commitments for Annex I Parties to the Kyoto Protocol who agreed to 

take on commitments in a second commitment period from 1 January 2013 to 

31 December 2020. 

 A revised list of greenhouse gases (GHG) to be reported on by Parties in the 

second commitment period. 

 Amendments to several articles of the Kyoto Protocol which specifically 

referenced issues pertaining to the first commitment period and which needed 

to be updated for the second commitment period. 

Participants from 37 industrialized countries and the European Community committed 

to reduce GHG emissions to an average of five percent compared to 1990 levels for the 

first commitment. This percentage was increased, during the second period between 

2013 and 2020 parties committed to reduce GHG emissions by at least 18 percent 

below 1990 levels. 

Over time, the world governments have enacted different bills in order to mitigate the 

Global Warming problem. As for, if we analyze the European Union context, most of 

the political measures have been enacted from national governments, not from the 

European Union. The members have pointed out the importance of setting a common 

strategy regarding to this matter. 

The possibilities which governments have in order to respond the effects of this global 

warming are mainly three: mitigation, adaptation, and climate engineering. The most 

useful solution is the mitigation. 

Basically, the mitigation consists in reducing or eliminating greenhouse gasses. The 

governments have many options to do it. One of them is using carbon sinks which can 

be natural or artificial processes charge of absorbing the carbon from the atmosphere 

and storing in somewhere, but this technology is not well developed to consider as a 

short term solution, and we wouldn’t be removing all GHG which we need to 

eliminate. However, we can enhance natural carbon sinks, boosting the reforestation 

and preventing deforestation. Another important and fit solution is expanding the use  
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of renewable energy and changing our current system energy towards an energy 

cleaner, reducing the use of coal and other fossil fuels as energy sources. (NASA 

Responding to Climate Change) Lastly, there are other energies which don’t release 

GHG to the atmosphere such as nuclear energy. Despite all these measures, the truth 

is that the mitigations solutions only can stop the warming at below 2 °C, and it is 

foreseen that these reductions will no longer be able to be so fast like before, starting 

from 2030. Therefore, the mitigation solutions are useful, but still they are not enough 

to solve the climate change, thus the scientists and the experts have proposed more 

solutions to tackle it. 

As we read before, the mitigation solutions are not enough to remove the Global 

Warming problems. So, the next question we should wonder would be if the measures 

which we are taking are not enough to eliminate the consequences of Global Warming, 

what we should do. Even, we would have to think in this question although the 

emissions fulfill the targets foreseen, since the experts think that the Global Warming 

effects will last years, we only can cut down this period. In fact, the mitigation consists 

in avoiding the dangerous human interference with the climate system, and stabilizes 

GHG levels in an adequate timeframe to allow ecosystems to adapt naturally to 

climate change, ensure that food production is not threatened and to enable economic 

development to proceed in a sustainable manner, according with the 2014 report on 

mitigation of climate change of the UN. So at the end, it is what Darwin said in his 

evolution theory. We have to adapt to the actual climate or to the expected future 

climate. We only have to take a look to the past. The rise and fall of civilizations are 

partly due to the climate changes along the history. However, the Earth’s climate has 

been relatively stable for the past 12,000 years; this stabilization has been the key of 

our last progresses in our modern civilization. Thus, we are used to the current climate 

which is stable. The faster the climate changes, the harder it could be. Currently, our 

governments are working to tackle this problem, more in a local scale, the cities and 

municipalities are building flood defenses, plan of heatwaves and higher temperatures, 

install water-permeable pavements to better deal with floods and storm water and 

improve water storage and use. Although, in this aspect of adaptation according to the 

2014 report on Climate Change impacts from the United Nations, climate change is 

starting to be factored into a variety of development plan against natural disasters, 

specially (NASA Responding to Climate Change). 

The geoengineering is the last of the proposals to response the climate change by 

NASA and the Royal Society. This proposal is not well developed yet. It consists in the 

deliberate modification of the climate with the aim of limiting adverse climate change. 

This new technology is focused in two targets. The first is removing carbon dioxide  
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from the atmosphere, since this gas is the main responsible of the Global Warming, 

and solar radiation management which attempts to offset the GHG by causing the 

Earth to absorb less solar radiation. Generally, experts tend not to trust in this new 

technology, since so far nobody knows the consequences or the drawbacks, and we 

could damage gravely our climate with unknown consequences. However, there are 

other scientists who defend that it’s absolutely necessary to apply or invest as soon as 

possible, in this type of technologies. For example, according to the scientist James 

Hansen in one of his latest publications “Young People's Burden: Requirement of 

Negative CO2 Emissions”, he says that even achieving a net-zero emissions wouldn’t be 

enough to prevent burdening future generations with an impossible task, the countries 

should have to achieve negative emissions, taking out GHG from the atmosphere. 

(Zahra 2016). 

 

 

2.2.1 Politics of the EU in the energy challenge 
 

For this project we are going to use the solar power to supply home automation 

system. For this reason it is necessary to talk about the renewable energies and which 

is the actual context in the EU respecting to this matter. 

As we said before, the renewable energy is an alternative energy source in order to 

reduce the fossil fuels, which spew GHG to the atmosphere, as energy source. 

Currently, the EU is a leader in renewable energy technologies. It holds 40% of the 

world’s renewable energy patents, and in 2012 almost half (44%) of the world’s 

renewable electricity capacity (excluding hydropower) was located in the EU. In fact, 

there are 1.2 million people working in the renewable energy sector in the EU. The 

reason of this leadership is because of the legislation on the promotion of renewable 

energy that the EU governments have implemented in these last years. (Cécile, 

Dagmara). 

The principles of the Energy policy of the European Union come from the 

Commission’s green paper “A European Strategy for Sustainable, Competitive and 

Secure Energy” on 8 March 2006. The aims of this proposal are similar; definitely EU 

wants make its energy system cleaner. The key proposals are: (Energy policy of the 

European Union Wikipedia) 
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 Reducing more than 95 % in carbon emissions from primary energy sources by 

2050. This 95 % is compared with 1990 levels. 

 Achieving at least a 10 % for the use of biofuels by 2020. 

 Getting at least 20 % reduction in greenhouse gas emissions from energy 

sources by 2020 (compared to 1990 levels) 

 Improving the Africa-Europe Energy partnership in order to encourage Africa to 

reduce their emissions from fossil fuels. At the same time, EU will engage to 

help Africa in its transition energy process. 

 Improving energy relations with the neighbors of UE, especially Russia. 

 Developing technologies in areas apart from the renewable energy, such as 

energy conservation, low-energy buildings, fourth generation nuclear reactor, 

clean coal and carbon capture and sequestration. 

 The energy supply and generation activities of energy companies should be 

'unbundled' from their distribution networks to further increase market 

competition. 

Most of these proposals are thought to limit the global temperature changes to no 

more than 2 °C compared to the pre-industrial levels. This figure is usually used by 

the governments as the limit that we can’t overcome. 

SET-plan adopted by the EU in 2008 is a plan to tackle the energy technology policy 

in Europe. The main goals are: (EUR-Lex 2007) 

 Remaining EU as the leader in the low-carbon energy technologies. 

 In order to fulfill the current international agreements regarding to Climate 

change, EU will promote the new energy technologies and the science. 

 Collaborate to the worldwide transition to a low carbon economy by 2050. 

 Fostering much more in the renewable energies, especially the wind 

energy, the solar energy, and the bioenergy; focused in their technical 

improvements in order to make these technologies more economically 

profitable. 

 Nuclear fission science research focused on the development of the 

generation IV reactors. 

The planned budget is up to 71.5 € billion for this plan. SET-plan marked in the 

calendar two years in order to fulfill their objectives. For 2020, EU undertakes to a 

20 % reduction of CO2 emissions, a 20 % share of energy from low-carbon energy 

sources and a 20 % reduction in the use of primary energy by improving energy 

efficient. Whilst, the goal for 2050 is to reduce the GHG between an 80%, and a 

95% (SETIS What is the SET-Plan?). 
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The European Energy Research Alliance (EERA) comes from the SET-plan of the EU. 

Their aims are accelerating the development of the low carbon energy 

technologies, as well as, fostering the renewable energy research. (SETIS What is 

the SET-Plan?). 

Last but not least, the International Partnership for Energy Efficiency Cooperation 

(IPEEC) is a high-level international meeting proposed initially by the EU. All the 

countries, which were called, met to argue the most effective means to promote 

energy efficiency internationally. (European Commission 2008) 

2.3 Environmental situation in Finland 
 

With a quarter of its territory in the Artic, Finland is a country in Northern Europe 

known because of its long and cold winters. If we want to analyze the environment of 

Finland, first of all we have to study its geography. Finland is a place known because of 

its landscapes full of nature with differences depending on which part of the country 

we are talking about. The south and the central zone of Finland have flat plains, whilst 

in the north part of Finland, the terrain is more mountainous. Moreover, Finland has 

an important fauna and biodiversity mostly due to the large number of lakes and 

rivers, covering 10 % of the country. (Smith 2015) 

According to the University of Eastern Finland and the Finnish Meteorological Society, 

Finland is warming faster than any other country on Earth, even faster than scientists 

predicted. The researchers found that the past 166 years Finland’s average monthly 

temperature increased by two degrees, whilst temperatures in the rest of the planet 

have increased only 0.8 degrees on average. Although, it’s more interesting if we look 

the stats. For instance, the rate of warming increased from 0.2 degrees per decade to 

0.4 degrees per decade after the 1960s when the effects of the massive energy boom 

following World War II could be seen. This increasing in the temperatures can be 

observed in the following figure in which we can see the percentage decrease of soil 

frost will be without snow cover in an ordinary winter if warming complies with the 

average estimates: (Kennedy Hogan 2015) 
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Picture 5 

 

Another consequence of a warmer climate will be the sunshine hours. We will have 

winters darker than now, because the sky will be cloudier than now, whilst in the 

summertime probably Finland will have approximately as much sunshine as at present. 

These variations in the sunshine will modify the radiation quantity that reaches the 

Earth surface. As we can see in the next chart, here are the differences in the quantity 

of solar radiation reaching the Earth’s surface in two different periods: 1971-2000, and 

2070-2099: (More clouds and less sun in winter Finnish Meteorological Institute) 

 

Picture 6 
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This stat shows us the importance of taking care of our planet. Since, the solar panels 

installed in Finland in a future will receive less radiation than now if we keep doing the 

same. 

However, Finland is not an exception since all the sub-arctic countries are increasing 

their temperatures each year. The reason for this is that ice acts like an insulating cover 

which reflects the sun and keeps the water below cold, namely the ice reflects the heat 

back to the space. The truth is that the Earth surface will have to absorb more heat if 

the ice is lost because of the melting. So now, the ice-free parts of the ocean is 

absorbing much more heat than before, and when wind temperatures fall in autumn 

and winter, the heat is released into the air, moderating the temperature. The Finnish 

government has to tackle the ice-melting and also the rest of the world nations, since 

this is a really big problem which can provoke floods around the world (sea levels are 

rising), and also it would be catastrophic the changes in the fauna In fact, this is already 

happening in Finland and it is going to be worse if we don’t do anything. The average 

extent of ice in the Baltic Sea in the best month (March) is 204,000 km2. However, if 

the temperature previsions are fulfilled, the average ice cover will decrease by 100,000 

– 140,000 km2 (Baltic Sea ice conditions will change Finnish Meteorological Institute). 

Precipitation will increase, as well, in Finland. According to the forecasts, until the year 

2040, annual precipitation will be between 7-8 % higher than in the late 1900s (Finnish 

Meteorological Institute 2013). 

Apart from the ice-melting, Finland has other serious problems with the logging. As 

everyone knows Finland is known because of his logging industry. In fact, Finland is 

one of the world’s largest producers of pulp, paper and cardboard and one of the 

largest producers of sawn timber. This sector is really important in Finland, since the 

forest industry employs approximately 160,000 people. However, that industry 

induced a set of dramatic consequences to the Finnish environment such as 

contamination of rivers and groundwater, or the forest biodiversity damage (Forest 

industry in Finland Wikipedia) 

 

2.3.1 Renewable energy in Finland: Solar energy 

 

As our project consists of installing a photovoltaic system, first of all we will have to 

analyze which is the current situation in Finland in regards to the renewable energy in 

general, and the solar energy in particular. 
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First we have to consider the location of the country where we are going to develop 

our project. Finland is one of the Nordic countries of Europe which means more 

consumption of energy during the cold winter months, due to few daylight hours, and 

the low temperatures. In fact, Finland is the coldest country in the EU and for this 

reason; a large share of the energy (19%) is used for the heating of buildings. Another 

aspect, we have to consider is the Finland geography. Finland is a large country where 

the settlements are really dispersed compared to other countries of Europe which 

means more energy consumption in transport. In fact, the transport consumes about 

one fifth of all energy consumed. However, the special structure of the industry, which 

is used in most for the forest industry, consumes about half of all energy. In the 

following chart, we will see represented all previous statistics: (Alakangas 2002) 

 

Picture 7 

 

All this energy consumed comes from diverse energy sources such as oil, wood fuels, 

coal, nuclear power, natural gas, peat, hydro power, and electricity imports. With the 

following distribution: (Motiva 2014) 
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Picture 8 

As we can see if we put together the Wood fuels Hydro and wind power, and the field 

“Other renewables”, we can conclude that the 30 % of total energy consumption 

(2012) in Finland is covered by renewable sources. This is one of the highest figures 

among all industrialized nations and the third highest in the EU, only Sweden and 

Latvia can overcome this figure (Motiva 2008). If we analyze which kind of renewable 

energy is the most used in Finland, it is clear. Viewing the last chart, Wood fuels is the 

most important renewable source in Finland covering 23 % of the total energy 

consumption. In fact, according to the “Eurostat stats” (Eurostat 2016), Finland is 

among the leading countries in the use of biomass as a renewable energy, as well as, 

Lithuania or Latvia. 

Although, the statistics show us that Finland is among of the best countries fostering 

renewable energies, Finland is still releasing GHG to the atmosphere. For this reason, if 

the following governments of Finland fulfill with the policies of the EU, and with the 

national policies, it is planned that 60 % of energy use will be based on renewable 

energy. As well as, Finland has to fulfill the EU target to increase the share of 

renewable energy in final consumption to 38 % by 2020 (Motiva 2014). There are so 

many ways to reach these objectives. It is possible to increase the hydro power, the 

use of wood-based energy, recycle waste-derived fuels, heat pumps, and wind power. 

Moreover, the governments can help in order to reach these aims, increasing the 

subsidies and boosting the energy efficiency. Also, boosting the self-supply of energy 

can be a solution. Households can install solar panels and small wind turbines, 

producing part of the electricity they need, and sell to the energy company if they have 

any surplus electricity. 
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To sum up in Finland there are four main energy sources that we can use, and the 

government has engaged to increase their consumption: biomass, wind power, hydro 

power, and heat pumps: (Motiva 2014) 

 Biomass: Biomass is the most important renewable source in Finland. Finland 

forests create a lot of wood material such as tree branches, crowns, stumps, 

and root stock. This wood material is called wood chips. Also, the forest 

industry (waste), and the farms is producing biomass (liquid biofuels) which can 

be useful. Finland aims to produce 25 terawatt-hours of electricity and heat 

with wood chips by the year 2020. In order to reduce carbon dioxide emissions, 

the Finnish government is trying to replace the coal, by the use of forest-based 

biomass, so that in 2025, the coal use in power plants has disappeared. 

Moreover, the conventional wood heating will maintain in the future, since it is 

a secure, economic, and ecologic method of producing heat during the harshest 

months of the winter. Currently, 13 terawatt-hours of heat is produced by fire. 

 Wind power: Finland has good conditions for wind production. Although, now 

the scale of wind power production in Finland has been small if we compare 

Finland with the rest of the countries of the EU. At the end of October 2013, 

Finland had 192 wind farms with a total capacity of 366 mega-watts. By that 

time, the capacity had increased by 78 megawatts since the end of the previous 

year. So, the last years are setting a growth trend, due largely the feed-in tariff 

scheme which entered in force in 2011. Although, it is foreseen that this trend 

continues over time. In 2025 there will be more volume of electricity produced 

by wind power to about 9 terawatt-hours by 2025. Currently, the installed total 

capacity of wind power exceeds 1000 MW in 2016. 

 Hydro power is the second-biggest source of renewable energy. In 2012 there 

were over 220 hydro-electric power plants in Finland. Currently, there are 

already so many hydro power plants constructed around Finland, so it is not 

possible building more. Even so, it is foreseen that by updating the turbines and 

generators the potential of annual hydro-power production will increase to 

over 14 terawatt-hours. 

 Heat pumps: Heat pumps transfer solar heat stored in the ground, water, or air 

and they are used for heating buildings and service water. Heat pumps have 

been growing rapidly in popularity in the past 10 years. It is foreseen that 

Finland will produce five terawatt-hours from heat pumps in 2020.  

Another renewable energy which is only starting to grow in Finland, but already has a 

strong position in many European countries, is solar energy. Utilization of solar energy 

in Finland is not very profitable often, due to largely in summer the days are too long  
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(somedays the sun doesn’t set) and in winter the days are too short (somedays the sun 

doesn’t rise). As we can see in the next chart: (Santiago 2015) 

 

Picture 9 

The systems of solar thermal heating and also solar electricity have increased their 

popularity during the recent years, but the problems in Finland mainly come from the 

cold and dark winter, when the demand of energy has its maximum. In addition, quite 

low price of electricity has also delayed the popularity of solar electricity in Finland. 

However, mainly due to significant reduction of prices during the recent decade, solar 

energy systems are becoming more common in Finland also. 

The PV capacity of Finland in the 2012 was 11.1 MWp. The solar power in Finland has 

developed each year, for instance between the years 1993-1999 it was 1 GWh, 

between 2000-2004 it was 2 GWh, and in 2005 3 GWh. This is because of the costs of 

manufacturing solar panels have been falling, and because of their efficiency rate has 

been improving each year. Thus, we can say that despite now solar energy is not 

profitable if this trend goes on, in a future it will became economically viable (Solar 

energy in Finland Wikipedia). 

In fact, there is an organization called The FinSolar project which involves some 50 

partners including six cities, top retailer S-Group and Ruukki Construction. This 

organization was created at the end of 2015 with several aims like expanding jobs, 

exports and self-sufficiency. This organization argues that, despite what everybody 

thinks, Finland could be a good place to install new solar panels, since they produce 

more efficiently at cool temperatures and in clean, dustless surroundings. Finally,  
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FinSolar got its first victory in March 2015 when they convinced to the government to 

expand a tax exemption in order to encourage enterprises and municipalities to install 

solar plants of up to 900 kilowatts. Although, there are many aims to fulfill, for 

instance Finland is one of the few EU states that don’t offer subsidies for private 

households to invest in solar energy (Stenger 2015). 
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3. TECHNOLOGIES USED 
 

3.1 Photovoltaics 
 

3.1.1 Solar radiation 
 

Throughout the history of mankind, human beings have been always availing the sun 

energy to satisfy our vital needs, as well as, all living beings of this World. So, we can 

say that we are totally dependents of the sun. Also, the photovoltaics depends on the 

availability of sunlight, thus it is going to be really important to know the properties of 

the solar radiation: 

 Solar constant: the sun continuously radiates an amount of Psun=3.845·1026 W 

in all directions of which the Earth only receives a small fraction. In order to 

calculate this value, we assume there is a sphere around the Sun that has a 

radius of r = rSE. At this distance the amount of radiation from the Sun has 

already spread over the whole area of the sphere. From the Earth position we 

get the following irradiance: 

 

𝐸𝑠 =
𝑅𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑝𝑜𝑤𝑒𝑟

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑠𝑝ℎ𝑒𝑟𝑒
=

𝑃𝑠𝑢𝑛

4 · 𝜋 · 𝑟𝑆𝐸
2

=
3.845 · 1026𝑊

4 · 𝜋 · (1.496 · 1011𝑚)2

= 1367 𝑊/𝑚2 

 

The result 1367 W/m2 is called the solar constant. 

 Spectrum of the Sun: according to Planck’s law of radiation the surface 

temperature determines the spectrum of the radiation. In the case of the Sun 

the surface temperature is 5778 K, which leads to the idealized Black Body 

Spectrum shown in the next figure: 
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Picture 10 

 

The term AM 0 is the actual spectrum measured outside the Earth’s 

atmosphere approximately follows the Black body spectrum. If we add the 

individual amounts of this spectrum, then the result is an irradiance of 1367 

W/m2, which is the solar constant. 

However, the spectrum changes when sunlight passes through the atmosphere 

because of: 

 Reflection of light: Sunlight is reflected in the atmosphere and this reduces 

the radiation reaching the Earth. 

 Absorption of light: certain molecules such as O2,O3,H20, … are excited at 

certain wavelengths and absorb a part of the radiation, especially in the 

infrared region. 

 Rayleigh scattering: it occurs when light falls on particles that are smaller 

than the wavelength. So, this scattering effect depends of the wavelength 

(~1/𝛾4). 

 Scattering of aerosols and dust particles: it’s related with the Mie scattering 

and its strength depends greatly on the location, namely, it will be stronger 

in industrial and overpopulated areas. 

 Air mass: the atmosphere effects against the sun spectrum are greater if the 

light path is longer. For this reason, it is necessary to designate the different 

spectra according to the path of the rays through atmosphere. As we can see in 

the next figure: 
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Picture 11 

x represents how many times the light has travelled in comparison to the 

vertical path through the atmosphere. 

𝑥 =
1

sin 𝛾𝑠
 

 

 Direct radiation: is the solar radiation which reaches to the Earth surface 

directly. The typical case if we are trying to capture the sunlight shine through a 

titled solar module: 

 

Picture 12 

As we can see, the light rays are closer together on the vertical surface in 

comparison to the horizontal surface. So, if a solar generator were arranged 

exactly vertically to the solar radiation, then it would be possible to take up the 

same power on a smaller surface. 

We have to consider that the data, we are going to collect, will be taken from a 

horizontal surface, so we will have to study what is our β optimum angle to 

capture the maximum amount of energy: 

𝐸𝐷𝑖𝑟𝑒𝑐𝑡_𝐺𝑒𝑛 = 𝐸𝐷𝑖𝑟𝑒𝑐𝑡_𝐻 ·
1

cos 𝜑
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 Diffuse radiation: corresponds to the solar radiation dispersed by the different 

components of the atmosphere.  

The calculation of the diffuse radiation of titled surface is: 

𝐸𝐷𝑖𝑓𝑓𝑢𝑠_𝐺𝑒𝑛 =
𝐸𝐷𝑖𝑓𝑓𝑢𝑠𝐻

2
(1 + cos 𝛽) 

 

 Albedo Irradiance: is a part of the global radiation that is reflected from the 

ground and can act as an additional radiation contribution to the solar 

generator. This factor depends of the ground material. 

The calculation of the reflected radiation on the titled generator is: 

 

𝐸𝑅𝑒𝑓𝑙_𝐺𝑒𝑛 =
𝐸𝐺

2
(1 − cos 𝛽) · 𝐴𝐿𝐵 

 

 

 Global Radiation: is the sum of the diffuse radiation and the direct radiation: 

 

Picture 13 

On a nice, clear summer’s day it is possible to measure on a surface vertical to 

the radiation of the Sun a global value of EG = 1000 W/m2. (Standard test 

conditions for solar modules). 

 Declination of the Sun: the axis of the Earth is titled, the height of the Sun 

changes in the course of a year, it’s for this reason that the sun position is 

changing depending on the season: 

 Maximum solar altitude (noon): in summer the North Pole is titled 

toward the Sun so that large angles of the Sun. It is in this season when 

the solar altitude reaches the largest angle: 

 

𝛾𝑆_𝑀𝑎𝑥 = 113.4° − 𝜑           𝛿 = 23.4° 

 

𝜑 Is the geographic width or latitude (location). 
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 Minimum solar altitude (noon): it is exactly the same, but it happens in 

the winter solstice: 

𝛾𝑆_𝑀𝑎𝑥 = 66.6° − 𝜑           𝛿 = −23.4°(𝑑𝑒𝑐𝑙𝑖𝑛𝑎𝑡𝑖𝑜𝑛) 

These are the two extreme cases of the Sun declination. Although, with 

this chart we can determinate the declination of each day of the year: 

 

Picture 14 

 Hour angle(ω): it helps us to determinate where is the Sun in a certain 

hour during the day: 

𝜔 = (𝐿𝑆𝑇 − 12) · 15°             𝐿𝑆𝑇: 𝑙𝑜𝑐𝑎𝑙 𝑠𝑜𝑙𝑎𝑟 𝑡𝑖𝑚𝑒 

𝐿𝑆𝑇 = 𝑈𝑇𝐶 + 1ℎ ·
∆

15°
                                ∆: 𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒 

 Sun’s azimuth(αs): as well as solar altitude 𝛾𝑆 depicts displacement of 

the Sun from the South, in the following figure: 

 

Picture 15 
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Positive values show western deviations and negative values the 

eastern displacements. 

No, we can guess the position of the Sun (αs, 𝛾𝑆) by the latitude 𝜑 and 

the Sun declination𝛿: 

sin  𝛾𝑆 = sin  𝜑 · sin 𝛿 + cos 𝜑 · cos 𝛿 · cos 𝜔 

sin ∝𝑠=
cos 𝛿 · sin  𝜔

cos 𝛾𝑆
 

(Mertens 2014,21-33) 

3.1.2 Solar cell 
 

In order to understand solar cells, first we have to know what a photo diode is and 

how does it work. 

Firstly, the photons penetrate and they are absorbed and generate free electron-hole 

pairs. Then, an electrical field separates the electrons to the n-side and the holes to 

the p-side. The generated power can be drawn off, and it’s called photocurrent. 

Therefore, this current depends on the amount of photons received; it’s proportional 

to the irradiance. 

If the photodiode doesn’t receive any photon (light shines), it behaves like a normal p-

n junction. With a reverse voltage only a small reverse current flows, which is called 

dark current. When there are light shines, an extra current (photocurrent) is added. In 

this moment the cell is operating as a solar cell, with positive voltage, and negative 

current, as we can see in the next figure. This means that energy is not used for the 

device; this new energy is generated (quadrant IV): 

 

Picture 16 
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Once already explained the photodiode structure, now we can explain the solar cell 

structure. Since, it consists of a p-n junction like the photodiode. This is asymmetrically 

doped, at the bottom is the p-base and at the top the heavily doped n+ emitter. Then, 

the process is the same, the light penetrates the cell, and every photon generates an 

electron-hole pair. The particles are separated from the field of the space charge 

region and moved to the contacts: the holes through the base to the bottom back 

contact, and the electrons through the emitter to the front of the contacts: 

 

Picture 17 

 

As you can see in the last picture the busbar can take the generated electrons. So if 

you connect some load between the two poles of the solar cell then this can draw off 

the generated electrical energy. 

Now it’s time to explain the different features of the cell: 

 Characteristic curve: with this curve we can detail various parameters of solar 

cells. In order to measure of the whole curve, we will need to put a variable 

resistor (Shunt) between the two contacts of the cell: 



Design of a home automation system in Finland supplied by a 
photovoltaic system 

 

 32 

 

 

Picture 18 

 Short circuit current ISC:  we get this current if we short-circuit the two contacts 

of the cell. Single crystal solar cells are often 100cm2, giving a total current of 

about 3.5 A from a module. 

 Open circuit Voltage VOC: we get this voltage if there isn’t anything between 

the two contacts, namely, if nothing is connected to the cell. An individual 

silicon solar cell has a voltage of just under 0.6V. 

 Maximum power point: the power of a working point always corresponds to 

the surface V·I, these represent the maximum in the case of MPP. The current 

and the voltage associated with the MPP are called IMPP and VMPP. 

 Fill Factor: describes the relationship between the MPP and the product 

features, specifically ISC, VOC. This fill factor is a measure of the quality of the 

cells and its value is between 0.75 and 0.85 for silicon cells: 

 

𝐹𝐹 =
𝑉𝑀𝑃𝑃 · 𝐼𝑀𝑃𝑃

𝑉𝑂𝐶 · 𝐼𝑆𝐶
 

 

 Efficiency: is a comparison between the incident irradiance (expressed in watts) 

and the watt peak supplied by the cell:  

 

𝜂 =
𝐹𝐹 · 𝑉𝑂𝐶 · 𝐼𝑆𝐶

𝐸 · 𝐴
 

 

(Mertens 2014,77-80) 
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3.1.3 Components required for installation 
 

 

 

Picture 19 

 

In this picture presents the electric system we are going to design shortly. I decided 

this system because as I said before in the introduction I’m going to seize the energy 

produced by the solar panels to supply each electronic device of the house, except the 

heat system. 

Therefore we are going to need solar panels to capture the solar energy, a possible 

structure for them, and wires for the energy transfer, continuous current protection, a 

charge regulator, batteries to store electric energy, a power inverter to turn the 

continuous electricity into alternating, and the alternating protection circuits. 

 Solar panel: it is made up of a set of photovoltaic cells that produce electricity 

starting from the Sun light, through the photoelectric effect. There are 3 

different types of silicon solar panels: monocrystalline consists of sections of a 

single crystal of Silicon, polycrystalline panels are formed by small crystallized 

particles and amorphous solar panels when the Silicon has not crystallized. The 

parameters that we need are the same we needed for the solar cells. All this 

data is based in the STC (Standard Test Conditions) rules which specify the cell 

temperature, 25°C, and an irradiance of 1000 W/m2 with a spectral 1.5 air mass 

(SOLAR PANEL SECRETS EXPOSED). 

 Power inverter: as I told before is an electronic device that changes direct 

current (DC) to alternating current (AC). The input voltage, output voltage and 

frequency, and overall power handling depend on the design of the specific  
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device or circuitry. The inverter does not produce any power; the power is 

provided by the DC source.  

Moreover, an inverter in a PV plant should achieve a high degree of efficiency 

(>95%), for this reason the control system of the inverters works detecting the 

MPP (MPP tracking). 

In order to compare various inverters, the conversion efficiency defines what 

portion of the direct current power delivered by the solar generator is found in 

the output of the inverter: 

𝜂𝐶𝑜𝑛 =
𝑃𝐴𝐶

𝑃𝐷𝐶
 

Now, I’m going to give a chart with the efficiency curves for various types of 

inverters. The vertical axis represents the conversion efficiency of the device, 

whilst the horizontal axis is the comparison between the actual input power PDC 

and the input nominal power of the inverter PDC_N. For the smaller powers the 

efficiency curve declines, in medium and upper ranges it remains relatively 

stable for all inverter types: 

 

Picture 20 

Actually the peak efficiency of an inverter is not that important from the point 

of view of the user. The mean efficiency over the whole year is more important. 

For the inverter this means that it is often working in the lower part-load 

region. Therefore, according to the DIN EN 50524 standard specifies the 

European Efficiency ηEu that weights the individual part load efficiencies 

according to how often they occur in Central Europe (European climatology): 

 

𝜂𝐸𝑈𝑅 = 0.03 · 𝜂5 + 0.06 · 𝜂10 + 0.13 · 𝜂20 + 0.1 · 𝜂30 + 0.48 · 𝜂50 + 0.2 · 𝜂100 

 

(Mertens 2014,177-181) 
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Now, we have to consider that in a photovoltaic installation isolated, the 

energy is stored in the batteries. In this case we will need Stand-alone 

inverter or off-grid inverter. Although we will have to face against a wide range 

of problems with these devices: 

 Wrong selection: Some loads cannot be used with stand-alone PV 

systems. 

 House wiring: Inadequate or low quality wiring and protection devices 

can affect the system's response. 

 Low efficiency: Low efficiency loads may increase energy consumption. 

 Stand-by loads: Stand-by mode of some loads waste energy. 

 Start-up: High current drawn by some loads during start-up Current 

spikes during the start-up can overload the system temporarily. 

 Reactive power: The circulating current can differ from the current 

consumed when capacitive or inductive loads are used. 

 Harmonic distortion: Non-linear loads may create distortion of the 

inverter waveform. 

 Mismatch between load and inverter size: When a higher rated inverter 

is used for a lower capacity load, overall efficiency is reduced. 

(Stand-alone power system Wikipedia) 

 Batteries: there are a lot of batteries can be used for storing electrical energy: 

lead batteries, metal hydrite batteries, lithium-ion batteries, lithium-polymer 

batteries. 

The most important type for us it’s going to be the lead battery, since it is very 

commonly used among the photovoltaic stand – alone systems. Specially, 

because of the lower price of this type of batteries which is a really important 

economic advantage if we consider the global costs of a stand – alone plant. 

However, these batteries have an important drawback: the frequent deep 

discharges result in an extreme reduction in the length of life of a lead battery, 

this occurs when the battery falls below 80 % of its original nominal capacity. 

There are 5 different kind of lead-batteries: 

 Starter battery: needs to provide high currents for short periods. With a 

stand-alone plant with typical cycle operation the starter battery would 

be unusable in a few weeks due to progressive sulfating and corrosion. 

 Solar lead grid-plate batteries: are modified starter batteries in which 

thicker plates with larger spacings are used and the lead plates are 

hardened with antimony additive. They can reach 1000 cycles for a 

discharge of only 20 %. Thus, they are only suitable for sporadic use 

such as weekend cottages. 
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 Solar lead-gel batteries: this battery can be completely sealed and is 

thus leak-proof. A special charge controller that ensures adherence to 

the end-of-charge voltage is important otherwise the battery will dry 

out due to gasification. Depending on the method of operation, its 

length of life is almost double that of the classic solar batteries. 

 Reinforced plate batteries: these batteries achieve a continuous 

operation over 15-20 years. 

 Block battery: several lead rods are surrounded by a common 

protective sleeve. They are cheaper than the previous battery type, and 

even they can achieve high life spans. 

Battery features: 

Basically, there are two: 

 Battery capacity: the nominal capacity of a battery is always mentioned 

in connection with a certain nominal charge current. Mostly the nominal 

capacity is referenced to a nominal charge current I10, a current that 

discharges the battery in 10 h. So, we will need to check on the 

datasheet which discharge current was used for the nominal capacity. 

The temperature also has an effect on the usable capacity. Overall, the 

capacity is less at low temperatures. For instance, at 0°C to about 80% 

of the capacity at 20°C 

 Voltage progression: during the charging and the discharging process 

the battery voltage suffers in the discharge a certain reduction in its 

nominal battery voltage, and if the current continues to be drawn off it 

will reach deep-discharge that can damage the battery. In the other 

case, the battery voltage has a greater voltage than the open circuit 

voltage, the battery is charged with a constant current.  Like in the 

discharge the charge voltage shouldn’t exceed a certain limit in order 

not to overload the battery and to avoid gasification. 

Then, I attach an example of the two processes of charging and 

discharging with 6 batteries connected in series. Each battery has a 

nominal voltage of 2.0 V  12 V (in total): 
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Picture 21 

 

 Charge controllers: as we have seen, the batteries require care in handling in 

order to enjoy their use for a long time. The tasks of charge controllers are: 

 Overload protection 

 Deep-discharge protection 

 Prevention of unwanted discharging 

 State-of-charge monitoring 

 Adjusting to battery technology (electrolyte/gel) 

 Voltage conversion  

 MPP tracking: in order to obtain the maximum energy from the solar 

generator 

Actually, we have two different designs to build our charge controller: 

 Series controler: 

 

Picture 22 

Switch S 1 interrupts the charge current when reaching the end-of-

charge voltage; switch S 2 serves for the deep-discharge protection of 

the battery. 

 Shunt controller (parallel): 
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Picture 23 

 

If the charge current is to be interrupted then the transistor S 1 short circuits 

the solar generator. It is the design mostly used today. 

(Mertens 2014, 191-195). 

 Protections: in order to protect to the people, we will have to avoid the direct 

and indirect contacts. In the AC we will always put protections, since the 

voltages in the output of the inverter are higher (120 or 130) than 50 V (direct 

contact). 

Whilst, in the DC area, we will put protections (fuses) if the voltage of the solar 

panels in open circuit overcomes 60 V (direct contact).We will put protection 

against the indirect contact if the voltage overcomes 120 V (Duque Pérez-Pire). 

 Structures: Solar panels are mounted on iron fixtures so that they can 

withstand wind and weight of panels. Also the aluminum is used, due to its light 

weight and corrosion resistance. The panels are mounted to face south in the 

Northern Hemisphere and north in the Southern Hemisphere for maximum 

power tracking (Solar Mango). 

 

 

3.1.4 PV system design 
 

First of all, the consumption has to be determined as accurately as possible, and 

storage must be dimensioned in accordance with the radiation conditions at the plant 

location. 

In order to get a better viability for the project I decided to locate the Stand- Alone 

plant in a small summer cottage (70 m2) close to Espoo, exactly with these coordinates 

60°15'04.3"N 24°40'40.9"E: 
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Picture 24 (Google maps) 

 

For the consumption calculation is important to show the nominal consumption and 

the daily operating time of the consumers and of each electronic device. For a better 

accuracy, it has been decided to divide the consumption between the two year 

seasons: summer and winter. 

In order to save energy, especially in winter, when the weather in Finland is really 

hard, I’m not going to count the energy used for the heating system, and we only will 

use the refrigerator in summer, not in winter: 
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Appliance Wattage Units Hours per day Daily 
consumption in 

Wh 

   Summer Winter Summer Winter 

Illumination 
system 

180 1 1 7 180 1260 

Smart home 42 1 24 24 1000 1000 

Mini 
refrigerator 

20 1 24 0 480 0 

Microwave 900 1 0.15 0.15 135 135 

TV 70 1 2 2 140 140 

Laptop 90 1 3 3 270 270 

Iron 1000 1 0.001 0.001 1 1 

Mixer 200 1 0.01 0.01 2 2 

ceramic hob 700 1 0.5 0.5 350 350 

Washing 
machine 

600 1 0.01 0.01 6 6 

Router 15 1 24 24 360 360 

Total 38171    2924 3524 
Table 1. Consumption table (García 2015), (Eliseo 2015) 

 

Thanks to the PVGIS website we get all the information necessary to continue with the 

analysis:  
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Picture 25 (http://re.jrc.ec.europa.eu/pvgis/) 

From the previous chart we get a set of data very interesting such as the optimal 

inclination of the panel should be 41° during the whole year, and the monthly 

irradiation on this optimally inclined plane. 

Now we will look up in which month in the summer season the radiation is weakest. In 

this case it’s September with a radiation of 2980 Wh/ (m2·d). Approximately, the Sun 

requires 2.98 full-load hours to generate the whole radiation on a September day. A 

100 W module lying with a tilt angle of 41° on the ground we get a day’s yield of 100 

W·2.98 h = 298 Wh. Then, we have to do the same, but now we have to look for the 

winter month with less irradiation, in this case December with 319 Wh/ (m2·d), this  
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means that the Sun requires 0.319 full-load hours to generate the whole radiation on a 

December day. 

With this information, we can already calculate the required module power with the 

following equation: 

𝑃𝑃𝑉 =
𝑊

𝑁𝑆𝑈𝑁 · 𝑉𝐿𝐼𝑁𝐸 · 𝑉𝐶𝑜𝑛𝑣
 

VConv: Batteries can never completely output the full amount of energy that was put in 

during charging (electrical losses). 

VLINE: electrical losses in the direct current lines. 

For summer, the required module power will be: 

𝑃𝑃𝑉 =
𝑊

𝑁𝑆𝑈𝑁 · 𝑉𝐿𝐼𝑁𝐸 · 𝑉𝐶𝑜𝑛𝑣
=

2924

2.98 · 0.94 · 0.9

= 1159.8 𝑊𝑝 (𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒) 

We would need 11 pieces of 110 W modules in order to cover the daily demand. 

For the other hand, in winter the required module power would be: 

𝑃𝑃𝑉 =
𝑊

𝑁𝑆𝑈𝑁 · 𝑉𝐿𝐼𝑁𝐸 · 𝑉𝐶𝑜𝑛𝑣
=

3524

0.319 · 0.94 · 0.9
= 13058 𝑊𝑝 

In this case we would need 119 pieces of 110 W modules, which is bigger than the 

previous amount of modules. 

Because of the high quantity of modules that I would have to buy I decided to connect 

the illumination system to the electrical grid, so: 

𝑃𝑃𝑉 =
3524 − 1260

0.319 · 0.94 · 0.9
= 8389.1 𝑊𝑝 

Now, we would need 77 modules of 110 W. 

We solved the problem for the extreme situations, therefore we don’t need to invest 

much money in batteries, so despite the extreme weather conditions of Finland, we 

are going to choose the usual autonomy days which are for winter 5 days, and for 

summer 3 days. Furthermore, in order to achieve a high battery lifespan we make the 

decision that batteries must never have a state of charge of less than 30%. 
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Finally, the user must decide what supply safety he wishes to achieve with the stand-

alone system: 

𝐶𝑁 =
𝑊 · 𝑁𝐴

0.7 · 𝑉𝑁
→ 𝐶𝑁(𝑠𝑢𝑚𝑚𝑒𝑟) =

1664 · 3

0.7 · 48
= 148.57 𝐴ℎ → 𝐶𝑁(𝑤𝑖𝑛𝑡𝑒𝑟) =

2264 · 5

0.7 · 48

= 336.9 𝐴ℎ 

(Mertens 2014, 199-204) 

Thus, we will use batteries with a work voltage of 48 V, and with 336.9 Ah capacity. I 

decided to get this kind of battery because I didn’t find any inverter which admits less 

voltage in its input. 

In this design point, it is time to decide the types of modules, power inverters, and 

charge controllers. 

For the solar panels I decided to get the GSE OPTIMUM (320 W) model (ATERSA), to 

use less space, since we will need less photovoltaic modules, specifically only 26 

modules. 

The next stage is the distribution of these modules which depend of the type of power 

inverter and the charge controller. I chose Sunny Island Charger 50 from ATERSA as my 

charge controller. Their most important features are: it admits voltages in its input 

until 140 V with 40 A maximum current, and a maximum input power of 2400 W. 

Consequently, we are going to use batteries with a work voltage of 48 V, the charge 

controller will have in its output a wide voltage output range between 36 and 65 V: 

 

Picture 26. Datasheet of A-320M GSE 
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Picture 27. Datasheet of Sunny Island Charger 50 

Then, it’s time to choose the type of inverter that we are going to select to the design. 

Finally, I chose the sunny Island 3.0 M, since the maximum power we are going to 

need, is not so high, only 2,264 Watts in the roughest months of the winter. The 

features of this device are: the input admits voltages between 41, and 63 voltages, 

with a maximum battery charging current of 51 A, by the output we will deliver a 230 V 

of alternating voltage, with the European frequency (50 Hz): 

 

Picture 28. Datasheet of sunny Island 3.0 M 

We know that Voc, and ISC of any PV module or string can’t exceed the allowed input 

voltage, current, and power of charge controller or PV inverter (Basics about PV off-

grid systems), therefore: 

𝑁𝑚𝑜𝑑𝑢𝑙𝑒𝑠_𝑚𝑎𝑥 =
2300 𝑊

320 𝑊
= 7; 𝑁𝑠𝑒𝑟𝑖𝑒𝑠 =

63 𝑉

46.7 𝑉
= 1; 𝑁𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 =

40 𝐴

8.81 𝐴
= 4 

With this configuration, the design would be set in the following way: 
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 Finally, we will produce more energy than we had planned before, since the 

maximum number of serial and parallel modules prevents us having exactly 26 

modules, so finally we will get 28 modules with 4 modules in parallel. 

 The PV system would be formed by 7 generators (4 x 7 = 28 modules). 

 In each generator, we will connect the solar panels to the charge controller 

chosen. Then, we will connect the charge controller output to a set of batteries 

of 48 V. Finally, we will connect the power inverter. 

 

Picture 29. Final design of the PV system 

As we can see in the previous picture, we will need 7 batteries of 48 V for our system, 

and in total we should have 336.9 Ah of total capacity or even more. For that, I’m 

going to search in TAB catalog, a famous Spanish company, especially because of their 

batteries: 

 

Picture 30. (TAB battery datasheet) 

First of all, I have to explain what is the term “c10” and “c100”. It’s the amperes 

number that a battery can supply to the rest to the system in a certain hour number: in 

c10 it would be 10 hours, and in c100 it would be 100 hours. 

We will need the batteries (discharge) when we need energy, but we can’t get it from 

the PV system (less than 24 hours). Our batteries have been designed in order to have 

48 V, so to get this voltage we will connect 4 battery blocks in series (12 V). As for, the 

battery type, we will choose lead-acid batteries, as we said before, and then we will 

take notice about the capacity. From an economical prospect, it’s convenient to select 

a battery with the less capacity possible because we don’t need to gather a huge 

capacity (only 336.9 Ah). For this reason, I chose 12V1 OPzS 50 which delivers 51 A in 

10 hours. In conclusion, knowing we need to connect 4 serial batteries to achieve a 48  
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V battery (4 x 51Ah =204 Ah), and we have in total 7 PV generators in the total system, 

we will have 1428 Ah, a value really higher than we needed (336.9 Ah), because of the 

final structure of the system. However, it could be even better if we consider the 

extreme weather conditions in Finland. 

Finally, we can select the support structure we are going to use for the solar panels, 

since we don’t have to install many modules, we can set them in the roof of our 

cottage. Firstly, we need to know how many square meters roof cottage will have, and 

what will be the slope of the roof respecting to the surface. So, we will suppose that 

this slope will be the same than the optimal inclination angle. Knowing that, we have 

to ensure that we will have the enough space for all the modules, taking a look to the 

dimensions of the GSE OPTIMUM module: 

 

Picture 31. Part of the datasheet of A-320M GSE 

Therefore, we will need in the cottage roof 1,955·0,995·28=54.46 m2, at least to have 

enough space to set the panels. We know that our cottage is going to be a cottage with 

only one flat and with these dimensions in its base 7.07 m x 15 m. So, now we can 

calculate the dimensions of our cottage roof: 

 

                 Picture 32 

𝑥 =
7.07/2

cos 𝛽𝑜𝑝𝑡
= 4.684𝑚 → 𝐴𝑟𝑜𝑜𝑓_𝑆𝑜𝑢𝑡ℎ = 15 · 4.684 = 70.26 𝑚2 

As the roof area is higher than the minimum area required for the installation, and 

with a considerable difference which can help us to reduce the effects from the PV 

installation shadows. 

Once checked that we can set the modules in the roof, it’s time to choose the support 

structure that we are going to use. The website pvsolarmounting.com offers a lot of  



Design of a home automation system in Finland supplied by a 
photovoltaic system 

 

 47 

 

products related with the support structure of the solar panels, and it’s in this website 

when we found the model selected with CY-ZJ09 serial number (Haining Chuangyuan 

Solar Energy Technology). Looking the monthly wind speed in Espoo over the year, we 

can say that this model is the suitable (World Weather & Climate Information 2016). 

Although, now we would have to analyze and design wiring, and the protections of the 

PV system, I decided to not take them into account because of excess content that 

would have my final thesis. 

Lastly, with our design finalized we can calculate the final budget: 

 

 

 

Product Units Price Total 

 Photovoltaic 
module/GSE 

OPTIMUM (320 
W)/Atersa 

28 438.4 € 12,275.2 € 

Charge 
controller/Sunny 

Island Charger 
50/Atersa 

7 772.61 € 5,408.27 € 

Power 
inverter/Sunny 
Island 3.0 M/ 

Atersa 

7 3,844 € 26,908 € 

Battery/12V1 OPzS 
50/TAB 

28 328.79 € 9,206.12 € 

Support 
Structure/CY-
ZJ09/Haining 

Chuangyuan Solar 
Energy Technology 

1 300 € 
(Approximately) 

300 € 

Total   54,097.59 € 
Table 2. (Proinso, Atersa 2016, TAB battery catalog prices, support structure price) 

To sum up, relating the total price and the total installation power we would be paying 

per watt installed: 

𝑃𝑟 =
𝑇𝑜𝑡𝑎𝑙

𝑁𝑚𝑜𝑑𝑢𝑙𝑒𝑠 · 𝑃max _𝑚𝑜𝑑𝑢𝑙𝑒
=

54,097.59

28 · 320
= 6,03 €/ 𝑊 
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As we can see this high electricity price, probably it is not going to be affordable for 

anyone. So, I decided to analyze other option: the summer cottage is going to be active 

only during the summer months in order to increase the viability of the project. In 

consequence the batteries now aren’t necessary. Furthermore, we will scale the 

system according with the peak consumption: 

 For summer, the required module power will be: 

𝑃𝑃𝑉 =
𝑊

𝑁𝑆𝑈𝑁 · 𝑉𝐿𝐼𝑁𝐸 · 𝑉𝐶𝑜𝑛𝑣
=

38171

2.98 · 0.94 · 0.9

= 1514.03 𝑊𝑝 (𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒) 

𝑁𝑚𝑜𝑑𝑢𝑙𝑒𝑠_𝑚𝑎𝑥 =
2300 𝑊

320 𝑊
= 7; 𝑁𝑠𝑒𝑟𝑖𝑒𝑠 =

63 𝑉

46.7 𝑉
= 1; 𝑁𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 =

40 𝐴

8.81 𝐴
= 4 𝑁𝑚𝑜𝑑𝑢𝑙𝑒𝑠

=
1600 𝑊

320 𝑊
= 5 

With this configuration, the new design would have this structure: 

 The PV system would be formed by 2 generators. Each of them with 4 modules 

in parallel. With that we would be fulfilling the limits. 

 In each generator, we will connect the solar panels to the charge controller 

chosen. Then, we will connect the charge controller output to the power 

inverter. 
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Thus, we would have enough information for the new budget: 

Product Units Price Total 

 Photovoltaic 
module/GSE 

OPTIMUM (320 
W)/Atersa 

8 438.4 € 3,507.2 € 

Charge 
controller/Sunny 

Island Charger 
50/Atersa 

2 772.61 € 1,545.22 € 

Power 
inverter/Sunny 
Island 3.0 M/ 

Atersa 

2 3,844 € 7,688 € 

Support 
Structure/CY-
ZJ09/Haining 

Chuangyuan Solar 
Energy Technology 

1 86 € 
(Approximately) 

86 € 

Total   12,826.42 € 
Table 3 

With this new design, we would reach to pay much less money: 

𝑃𝑟 =
𝑇𝑜𝑡𝑎𝑙

𝑁𝑚𝑜𝑑𝑢𝑙𝑒𝑠 · 𝑃max _𝑚𝑜𝑑𝑢𝑙𝑒
=

12,826.42 

8 · 320
= 5,01 €/ 𝑊 
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3.2 Home automation 
 

3.2.1 Applications 
 

Nowadays, the technology in the home automation has improved a lot, and it is really 

common to find wireless devices for our home automation system. Although the 

wireless systems are more expensive, these kinds of products, these kinds of products 

reduce the complexity of our project, since we wouldn’t need to find and buy wires. 

 

The home automation application can be used by domestic use, or for public use. Our 

case will be for private use, so the design and the appliances will be more simple: 

 Lighting control: the main aim of this appliance is energy-efficiency. To be 

more energy efficient with the lighting system, we will have to use as much 

natural light as possible. In fact, the last politics from EU pursue that aim. A 

good example is the last EU prohibition. The light bulbs are banned excluding 

indicator lamps (EU Dir. 244/2009). Therefore, we are using right now a light 

energy which consumes less energy than before (LED, fluorescence), and still 

we can consume less energy using these kind of appliances (Tammilehto 2013, 

9). 

These systems allow you to schedule the times lights should turn on and turn 

off, decide which specific rooms should be emitted,  program different light 

scenes such as movie, studying, cleaning, choose how particular lights react 

through motion sensitivity, these systems can control by itself depending on 

how much natural light is available, closing or opening blinds (LinkLab 2015). 

 HVAC regulation: the extreme conditions weather in Finland, along with the 

fuel costs rise, the availability and sustainability of our resources, force us to 

find some ways to save energy. One of them is HVAC (Heating, ventilation and 

air conditioning) regulation. 

Heating and cooling (air conditioning) systems consume and average of 50 % of 

energy costs yearly, making daily HVAC regulation progressively rewarding. 

Currently, there are more devices which are ready for two different scenes: 

“home” or “away”, in such a way the heating system for example won’t need to 

heat your home when you are outside. These devices will be able to be 

scheduled by the user or even some of them learn your preferences over time, 

removing the need for programming. A complete HVAC system allows you to  
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control different rooms separately, putting more or less temperature 

depending on the room. It will be recommendable to install wireless device in 

each window and radiator in order to get better control of energy efficiency 

(LinkLab 2015 & Tammilehto 2013, 10). 

 Smart kitchen: the appliances for the kitchen  could seem a bit superficial and 

convenience based such as the smart refrigerator which allows you to scan 

grocery store receipts and keep an inventory of your items, and alerts you 

when an item is about to expire. Starting from the fridge items, the fridge can 

suggest you recipes, and let you know when you need to buy more products, or 

connect your kitchen appliances to your smart personal devices (smartphone, 

tablets), in such a way you will be able to preheat your oven based on a recipe 

selected from your smartphone, for instance. However, there is a conservation 

factor, as well. Some devices allow you to sever the electricity supplied to 

unused appliances from your smartphone, thus reducing your energy 

consumption and costs. Like in the other applications, the smart kitchen can 

save a substantial amount of money (LinkLab 2015). 

 Security: the security systems are made by different sensors (windows, door) 

such as motion sensor which can recognize movement in apartment, and 

activate the whole security system: recording everything with an IP camera, 

turn on all the lights and alert automatically to Security Company. 

All of these sensors will be connected to our personal devices (smartphone) 

allows us to access real-time information on the security status of your home, 

or lock your entrance door with your smartphone if you forget it, and you are 

far away from your home (LinkLab 2015 & Tammilehto 2013, 10). 

 

Lastly, we will have to consider the importance of the smartphone impact in the home 

automation. Currently, there a lot of apps that we can get from our android system 

which we use for control all of our typical appliances such as thermostats, washing 

machines, yard fixtures, water leaks, carbon monoxide detector, etc.  
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3.2.2 Elements of a home automation system 
 

Home automation is made by several networks and electronic devices at home which 

allows you to control your electronic devices of your home remotely, or from your 

home or the automation of the most daily activities. According to this definition, with 

this new technology we are just trying to connect and integrate all the home 

appliances with the network support. 

Like the smartphones, this new technology supposes an improving in the life quality, 

since we are adding a lot of new devices to the networks what makes possible the 

emergence of new applications and services. 

In order to make possible that all of these devices can work together and communicate 

with each other, we will use an internal communication network called Home Area 

Network (HAN).  Many of them can be operated by Internet through an app or a web 

for example. 

This network is a kind of Local Area Network (LAN) which was developed in order to 

facilitate the communication among the different digital devices that we can have in 

our home. Namely, all devices considered as intelligent can take part in a HAN network 

such as PC, laptops, smartphones, and also the next-generation appliances (Home 

automation) (Grupo VenDomótica, 2015).  

Due to this, we can automate the tasks of the day to day that are daily. Depending on 

the function, and the applications to offer in each device, we will have different 

networks within this type (HAN): 

 Living/appliances network: the most unknown of three networks for the 

current customer is this network which connects common devices of the house 

(lights, blinds, air conditioning, irrigation, …) and it allows you to program them 

to improve the comfort, safety and energy savings. For instance, turning off the 

lights of a room if none is staying there in that moment, raise the blinds, or 

lower them depending of the natural light, or control the temperature of each 

room of the house. To sum up, the living network pursues the interconnectivity 

of the typical devices of a home automation system such as sensors, actuators, 

controllers through different transmission mediums (wires, wireless …). 

 Entertainment network: is a network of high capacity used by smart electronic 

devices which provide us entertainment: digital cameras, video game consoles, 

music channel, digital television, home cinema, … all at the same time more  
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integrated with the data network (USB, Wifi, Bluetooth, …). Because of this 

growth, the software has also evolved the interconnectivity of devices in the 

entertainment network have appeared in specialized operating systems 

(Windows media center) and programs (MediaPortal). 

 Data network: These networks are usual in the offices, and in many homes, to 

connect the different computers to each other, and it’s the network more 

known for the customer. Along with the computers, the printers, scanners, 

routers, and other devices can also belong to this network. 

 

(Domoprac 2016) 

Now, it’s time to describe the different basic devices that we can find in a typical smart 

home: 

o Sensor: is a device that converts a physical phenomenon into an electrical 

signal (Wilson, Jon 2005, 1). There are two types of sensors attending to the 

supplying: 

 Active:  require an external source of power that provides the majority 

of the output power of the signal. 

 Passive: the output power is almost entirely provided by the measured 

signal without an excitation voltage. 

If we consider the signal type, there will be two kinds of sensors: 

 Digital: the signal produced by the sensor is binary. 

 Analog: the signal produced by the sensor is continuous and 

proportional to the measurand. 

(ARC 2012) 

As for, the maintenance of the detectors (sensors), it is important to clean all 

detectors in your home at least twice a year, namely, once every 6 months. 

Furthermore, it is recommendable to change the battery yearly. Also, we have 

to take a look at the lifespan of our detectors, and replace them once every ten 

years usually (it depends on the detector type), if we don’t do this, probably 

our detectors will fail randomly. Finally, it’s advisable to test the detectors 

monthly, in order to check that they are working properly (CableOrganizer.com 

2016). 
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o Actuators 

Physical devices that transform electrical (from the processer), chemical, or 

thermal energy into mechanical energy (University of Massachusetts 2015). 

There are a lot of types of actuators, depending on the output function: 

motors, lamps, heating valves, or alarm speakers. 

Like in the sensor the maintenance is really important to check if the actuators 

are working appropriately with: simulations, testing, cleaning, … 

o Drivers 

It is an electrical component used to control another circuit or component. In 

our case the drivers receive the information from the sensor, and then this 

information is processed according to the established program, sending a 

certain order to the actuators. 

Finally, we would have described all of the main devices which are part of a home 

automation system. Then, I attach an image with some examples of actuators, sensors, 

drivers, and their functions: 

 

Picture 33. Example of a smart house 

 Once they have been described all the devices which are part of a home automation 

system, it’s necessary to give a brief explanation about their features: 
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 Transfer function

This function shows us the functional relationship between physical (electrical

in actuators) input signal and electrical (physical) output signal; it’s usually

represented through a graph. The details of this relationship may constitute a 

complete description of the sensor/actuator characteristics. For expensive 

sensors/actuators that are individually calibrated; this might take form of the 

certified calibration curve. 

 Sensitivity

"Like in the previous feature, also this is the relationship between the input

signal and the output signal. Namely, it is generally the ratio between a small

change in the output of the device to a small change in the device input.

Because of the similarity with the previous feature, the sensitivity also can be

represented as the derivative of the transfer function with respect to the

device input.

 Span or Dynamic range

It is the range of the input signal that may be converted to the output signal.

Signals outside of this range are expected to cause unacceptably large

inaccuracy. Like in the previous feature this characteristic is described in the

datasheets.

 Uncertainty

Overall, it is defined as the largest expected error between actual and ideal

output signals. Sometimes, this quoted as a fraction of the full-scale output.

 Accuracy

It is similar than uncertainty but accuracy is more considered as a qualitative

term, while the uncertainty is quantitative. Namely, it measures the grade of

dispersion of the measures.

 Hysteresis

Some devices don’t return the same output value when the input stimulus is

cycled up or down. The width of the expected error in terms of measured

quantity is defined by the hysteresis.

 Noise

Noise is distributed across the frequency spectrum. Many common noise

sources produce a white noise distribution, which is to say that the spectral

noise is the same at all frequencies. For white noise, the spectral noise density

is characterized in units of volts/Root (Hz). A distribution of this nature adds
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noise to a measurement bandwidth. Since there is an inverse relationship 

between the bandwidth and measurement time, it can be said that the noise 

decreases with the square root of the measurement time. 

 Resolution

It is the minimum detectable signal fluctuation. Since fluctuations are temporal 

phenomena, there is some relationship between the timescale for the 

fluctuation and the minimum detectable amplitude. It is important to 

distinguish this concept from the number of digits which a device can display. 

 Bandwidth

It is the range of two frequencies between which there is not any changes in

the device output.

 Span life

It is the estimated period of time that actuators and sensors are working

properly, if they are working within the allowed conditions.

(Wilson, Jon 2005, 2-4) 

In order to give different appliances and other electronic devices a possibility to 

communicate with each other through the network, we will need different 

transmission mediums: 

 Twisted pair: it is made by a pair of electrical conductors, insulated from each

other and braided one around the other, in order to avoid electromagnetic

interference. It is often used in telephone networks and in audio distribution.

 Unshielded twisted pair (UTP): it is made by pairs twisted together and

covered by a common insulation. It is sensitive to interference between peers.

 Shielded twisted pair (STP):  it is formed by pairs twisted together, where each

individual pair is surrounded by a wire mesh and, at the same time, the cable

assembly is wrapped by another mesh, all covered by a common insulation.

 Coaxial cable: it consists of two cylindrical conductors between which a

dielectric material is placed. The external conductor is usually a metal mesh,

which protects against interference. The cable is covered by an insulation that

protects it from humidity and electrically isolates it. It is used for data

transmission at high speed and over long distances. In buildings and homes, it is

used to carry the TV signal from the antenna amplifier to the TV.

 Optical fiber: it is made by a flexible fiber, very fine, and capable of conducting

optical energy. We can use different types of glass in its construction. The

highest quality fibers are silica. When transmitting light through its interior, the

optical fiber is not usually affected by any type of electromagnetic or

electrostatic interference. The transmission of signals by optical fiber requires
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the use of an emitter at the beginning of the fiber and a receiver at the end. 

The emitters are LED or laser diodes, depending on the bandwidth which we 

must use, and the distance to be transmitted. The receivers use silicon 

photodiodes and PIN diodes, and allow high gain and low noise detection. 

 

So far, we have been explaining transmission mediums through wires, generally in 

most of the cases we will use copper wires. However, there is a wireless way to 

connect the devices to the network. It is based in the sending and receiving 

electromagnetic waves: 

 Infrared: it uses a laser diode or LED that issued light in the infrared light 

band. The use of this may be considered similar to digital transmission. For 

the sending information, a transmitter and a receiver must have a mutual 

line of sight without any obstacles between them. This is a really important 

drawback for this technology. Transmission speed can achieve 10 Mbps.  

The most used application is the remote control for several devices such as 

TV, DVD, blinds, video, lights, … 

 Radio frequency: it allows the sending of information between two distant 

points by the transmission and reception of electromagnetic waves in 

space. For the transmission of the information, a transmitter and a receiver 

are necessary, both formed by oscillator, modulator, filters, and antenna. 

Transmission is performed by mixing the data to be transmitted or received 

with the carrier wave. Today the most popular methods in the 

interconnection of home networks are Bluetooth, Home RF, Z-Wave, 

Zigbee, and Wi-fi. 

(Instalaciones domóticas, 27) 

 

3.2.3 Smart home types 
 

We can sort the home automation systems according to different features. According 

to the type of connection among the different elements of our network (architecture), 

we will distinguish among: 

 Centralized systems: in this architecture class we have a centralized controller 

which sends information to some devices such as actuators, or receive 

information from other devices (sensors) or users. According to the  
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received information, the system will perform a certain activity. Therefore, if 

the main controller is missing, the whole system will stop working. 

The advantages are its operability and installation is simple and they are quite 

cheap compared to other systems. 

However, these systems require a remarkable wiring, each device of the whole 

system can lose part of its capacity, and these systems require a user interface. 

 Decentralized: in this type there is more than one controller and all of them are 

interconnected through a bus, sending information among them. Moreover, 

each controller has to send the proper information to the actuators depending 

on the received orders from the sensors or users. 

On the contrary, with this architecture type we won´t need so much wiring, and 

its capability can be amplified. Other advantages would be its great operational 

safety, and the possibility to redesign the network. 

Nonetheless, its enlargement is reduced, and the system programming is 

compulsory. 

 Distributed: each actuator and sensor works as a controller, namely they have 

the capability to act and sending information to the system in accordance with 

what they have received. So, each device of the system has its own intelligence. 

This type of architecture has a lot of advantages such as its operating safety, 

they allow a depth networking redesign, and extensions; their products are 

very reliable, it’s cheap, and wiring is not so big. As other architectures, in this 

case we’ll need a lot of programming more than any other. 

 

As we can see, centralized systems were typically used in the past when a central 

controller was placed in a house and the user controlled it through wall-mounted 

keypads and remote control boxes. 

(HOGARTEC) 

Currently, the architecture is much improved and incorporates Internet and network-

based technologies to connect you to your home, even in a remote way through 

different electronic devices such as smartphones, tablets, PCs. In fact, network-based 

solutions that utilize apps are taking the market by storm, due to affordability, 

convenience, and the capability to be added on to. This growth is due mainly to the 

familiarity that the users have towards products like smartphones or tablets, and the 

possible interaction with your home through them. 

But, how can our electronic devices connect with our home automation system 

(decentralized, or distributed) or how can the devices, which belong to the whole 

home automation system, communicate with each other; through protocols. 

A protocol is a set of rules, or standards, that a technology employs to ensure stability. 

For instance, networking utilizes protocols to keep communications across devices,  
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and those protocols adhered to across the various platforms they are running within. 

But this doesn’t mean that we have to use only one protocol for the whole system, in 

fact many companies today use more than one home automation protocol, ensuring 

compatibility with a greater number of devices. 

Nowadays, there are a lot of different protocols used by home automation companies, 

so we are going to mention only the most common protocols: 

 X10: this protocol was developed during the 1970s with the intention to use 

only the existing home wiring to communicate with devices. However, actually 

X10 has now a wireless communication component, but it isn’t robust as others 

on the market. Other problem with this protocol would be the security 

measures which are less developed than other protocols, since X10 wasn’t 

originally designed to be used in environments with competing signals and 

communication protocols. Another fact which makes this protocol unviable 

nowadays is the low speed, since power lines are much complex than they used 

to be, and because X10 is an old protocol. 

 UPB: Universal Powerline Bus was created by PCS Powerline Control Systems in 

1999. Unlike, the previous protocol, UPB doesn’t support any form of wireless 

communication, since UPB was designed to work over the existing power lines 

of the house, and it’s more stable than X10 when it comes to transmit 

information. 

 Z-Wave: is one of the most popular protocols in use today, in fact more than 

200 companies around the world use Z-Wave. It was developed in 2007 

specifically for home automation devices. This protocol supports the wireless 

communication, using a mesh network, which means that one device passes 

along information to the next device. Among the advantages of this protocol, 

we have: products that support Z-Wave work with each other seamlessly 

regardless of manufacturer, the little power required for the Z-Wave devices, 

and the long battery life. 

 ZigBee: as the previous protocol, it is another new protocol, with an increasing 

popularity right now. It was developed by the Institute of Electrical  and 

Electronics Engineers (IEEE), a popular institute known because of networking 

protocols used by computers, and smart devices. Furthermore, Zigbee works as 

a mesh network, meaning that its range and power increase with every device 

you add to your home automation network. An important drawback is the 

incompatibility among different ZigBee enabled devices made by different 

manufacturers. 

 INSTEON: it was developed by SmartLabs in 2005, so it is also a relative 

newcomer to the home automation market. INSTEON uses a dual-band  
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communication in many of its devices, which means it can communicate over 

both our home’s existing power lines and via RF, doubling its effectiveness. 

Lastly, INSTEON have improved a lot, and they offer a wide range of 

applications for our home automation systems like light bulbs, light switches 

and dimmers, motion sensors, thermostats, Wi-Fi cameras, sprinkler controls, 

and much more. 

 Wi-Fi: is the newest protocol in terms of its use in home automation systems. 

In complexity terms, we don’t need to purchase a separate hub to control 

home automation devices, inasmuch as many people already have a Wi-Fi 

network in their houses to use smartphones, PCs, etc. However, we have to 

consider that our home automation system is not going to be only system 

which is going to use our bandwidth. There are more devices that probably we 

are going to be using at the same time such as smartphones, tablets, laptops, 

consoles, etc. In these types of situation we may experience disruptions and 

slowdowns when we want to control our home auto devices. The smartphone 

consume is a really big problem among the smartphones users, and it is due 

mainly to the device connection through Wi-Fi which makes to the smartphone 

drains faster its battery. The same would happen with our home automation 

devices supplied by batteries. 

The incompatibility among the different home automation devices have been tackled 

by companies like Apple and Revolv, and they have created environments that can 

control several, if not all, of the home automation protocols, eliminating the need to 

stick with just one manufacturer (Spivey 2015). 

 

 

3.2.4 Home automation system design 
 

First of all, we need to know which is the structure of our summer cottage, and 

depending of that which applications we are going to install. Then, the home 

automation technology that we are going to use can be chosen. And finally, which 

kind, and how many products we will need, in this case from different manufactures. 

As we said before our house is a small cottage (70 m2) situated close to Espoo, with 

only one flat where we will find a living room, a kitchen, a bathroom, and a dormitory: 
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Picture 34. Cottage map

The home automation system will service a wide range of applications: 

 Lighting control: for every part of the cottage, so we will need 4 switches in

total.

 HVAC regulation: we will control the climate of our home through a

thermostat, achieving the energetic efficiency that we are looking for from the

beginning.

 Security: we will prevent water leaks, gas leaks, and fires with 1 sensor in the

bathroom for water leaks, 4 fire sensors, one for each room, one sensor in the

entrance door, 5 motion sensors, and 3 window sensors, one for each window

on the house (kitchen, bedroom, and hallway). In order to know instantly if

someone is getting in the house without our consent.

Finally, I decided to not include the smart kitchen because there are not so many 

products which offer this service, but probably it will be interesting in a future when 

the home automation technology takes a step further. 

Among the manufacturers the one who offers the best catalog is Samsung. Due mainly 

to: 
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 It offers a wireless technology which allows us to build a distributed network to

control our home. Of course, if we consider other options the design is easier

and we won’t need any wiring.

 We can get almost all the applications that we have thought for our home.

 All of its devices can be connected to Internet, so we will be able to control our

home from anywhere, thanks to our smartphones, tablets, etc.

We only need a controller which connects wirelessly with smart devices (sensors, 

actuators), receiving and sending enough information to allow you to monitor your 

house from anywhere. “Samsung SmartThings Hub” is the device which we are talking 

about; every smart device will send or receive information to this hub. 

As for, the features of this device are: it requires an Internet-connected router an 

available Ethernet port, it needs a power supply with about 10 hours of backup power 

from 4 AA batteries, and the communication protocols used by this hub are ZigBee (2.4 

GHz), Z-Wave (900 MHz), and IP (Specifications, price and main information about 

Samsung SmartThings Hub). 

For the lighting control we will use “GE In-Wall Smart Dimmer Switch”. This switch 

allows you to dim or brighten your hard-wired dimmable CFL, LED, and incandescent 

lighting wherever you are. During the installation, we will only have to replace our 

current light switch, using the existing wiring. Furthermore, we also will be able to 

schedule lights to dim, brighten or turn on/off at set times of the day, and  trigger 

lights or brighten when different things happen such as movement detected from a 

motion sensor. Finally, it will be necessary to this switch communicate with a 

smartThings Hub, trough ZigBee protocol (Specifications, price and main information 

about GE In-Wall Smart Dimmer Switch). 

In order to make sure that our home is completely safe we will need 4 “Samsung 

SmartThings Multipurpose Sensors”, 3 for the three windows of the house, and one 

for the main entrance. This sensor can monitor windows and doors to check if we have 

left the windows open or the main door. Also, with this device we can receive alerts if 

there’s an unexpected change in temperature or control the lights (not interesting in 

this project). As for the technical information, it is using the ZigBee protocol, and it 

supplied by a CR-2450 battery (Specifications, price and main information about 

Samsung SmartThings Multipurpose Sensor). 

In order to complete our lighting control system, and also give to our home more 

security, we will need 5 pieces of “Samsung SmartThings Motion Sensor”, one for 

each room (kitchen, hallway, bedroom, living room, and bathroom). These devices are 

able to send alerts to our smartphone if there’s unexpected movement, or turn on and  
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off the lights when someone comes to the room. However, we will need to connect 

each light to the sensor (using the existing wiring).  Other interesting information 

would be the protocol that it uses ZigBee, it is supplied by a CR-2450 battery, it detects 

motion up to 5 meters with a 120 degree field of view, and it can measure the 

temperature (Specifications, price and main information about Samsung SmartThings 

Motion Sensor). 

The “Samsung SmartThings Water Leak Sensor” can monitor moisture and send you 

and immediate alert; it doesn’t matter where you are in that moment, to help you 

prevent a leak from becoming a flood. Moreover, it can measure the temperature. Its 

technical information is: it has a CR-2 battery, and it communicates with the hub, 

through ZigBee protocol (Specifications, price and main information about Water Leak 

Sensor). 

To prevent fires and gas leaks, we will install 4 pieces of “First Alert Smoke Detector 

and Carbon Monoxide Alarm”. It doesn’t matter, where you are with this sensor you 

will receive an instant alert in your smartphone, and also in this sensor is incorporated 

a loud siren. The protocol used to this device is Z-Wave, and it is supplied by a battery 

2 AA, sending to your smartphone notifications when the batteries need to be 

replaced (Specifications, price and main information about First Alert Smoke Detector 

and Carbon Monoxide Alarm).  

Once, we already know which products from Samsung we are going to use we have to 

consider that in America the sockets are different than in Finland (and also the 

voltages, 120 V in America, and 220 V in Finland), and as we need to supply the home 

automation hub, we would have two options: ask to the company if they have an 

equivalent model for Europe or buying a network adapter. 

Finally, we would need to find a device which is able to control the climate of our 

home (Thermostat), so the heat system of our home, as well. But this time, I found the 

device from a different manufacturer Lowe’s, an American company that operates a 

chain of retail home improvement and appliance stores. Its name is “nest thermostat”.  

This thermostat connects with our personal devices (smartphones, tablets), trough Wi-

Fi of our wireless network at home. Also, it can create its own schedule by using 

advanced sensors and algorithms to create a custom temperature plan that saves 

energy. Moreover, it has different programs to reduce heating automatically when you 

are not at home, save energy programs, and also we can track our energy usage 

(Specifications, and main information about Nest thermostat). 
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All of these devices don’t need any extra elements for the installation, since we are 

only using wireless devices, although for some devices (nest thermostat, GE In-Wall 

Smart Dimmer Switch, and Samsung SmartThings Motion Sensor) we will need to 

follow the instructions posted in the Samsung website (to connect the sensors with the 

lights (Installation instructions for Samsung SmartThings Motion Sensor), and in the 

installation guide of Nest thermostat, checking well the compatibility of the 

thermostat: 

Picture 35. Installation manual of nest thermostat

Therefore, our home automation will realize the following functions: 

 The lights will turn on or off automatically depending if someone gets in some

room, also we will be able to schedule when the lights have to turn on or off,

with different intensities. And we will be able to turn on or off the lights

remotely or manually, checking their status.

 We will receive instantly notifications and alerts in our smart devices if we have

an security alert such as water leaks, fire (with siren), gas leaks, outsiders,

windows, and entrance door opened when you are outside, weird temperature

changes.

 The climate control can be changed remotely by the user, learning starting

from your habits when it can save energy. In fact, by accepting the temperature

decrease of one degree we will already reduce the energy consumption by

about 5 %. Furthermore, we will be able to track the energy use.
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So, we already know which kind of devices and how many devices, we are going to use 

for our home automation system. Then, we can see the budget: 

Product Units Price Total 

Samsung 
SmartThings Hub 

1 93.77 € 93.77 € 

GE In-Wall Smart 
Dimmer Switch 

4 54.93 € 219.72 € 

Samsung 
SmartThings 

Multipurpose 
Sensor 

4 37.88 € 151.52 € 

Samsung 
SmartThings 

Motion Sensor 

5 
37.88 € 

189.4 € 

Samsung 
SmartThings Water 

Leak Sensor 

1 37.88 € 37.88 € 

First Alert Smoke 
Detector and 

Carbon Monoxide 
Alarm 

4 47.36 € 189.44 € 

Nest thermostat 
(Price for nest 
thermostat) 

1 188 € (discount) 188 € 

Total 1,069.73 € 

Total budget for the 
project 

55,167.32 € 

Table 4. Total budget
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4. CONCLUSIONS

As we can see previously in the calculation of the final budget, it is clear that probably 

we are not going to recover the initial investment, largely due to the big amount of 

money invested and the little amount of money that we would save with the new PV 

installation.  

In order to check these assumptions, firstly we have to look for the electricity prices for 

household consumers: 

Picture 36. Electricity prices for household consumers, second half 2015 (http://ec.europa.eu/eurostat/statistics-
explained/index.php/File:Electricity_prices_for_household_consumers,_second_half_2015_(%C2%B9)_(EUR_per

_kWh)_YB16.png) 

 According to this chart from Eurostat, in Finland they have to pay 0.15 €/KWh 

monthly, with all the taxes. So, if we take the data obtained from the table 1, we will 

be able to know how much money we are saving per month thanks to the new 

installation: 

0.15 
€

𝑊ℎ
· 2264 ·

𝑊ℎ

𝑑𝑎𝑦
· 31

𝑑𝑎𝑦

𝑚𝑜𝑛𝑡ℎ
· 10−3 = 10.5276 €/𝑚𝑜𝑛𝑡ℎ

Therefore we would be saving between 10 -12 € per month in the monthly electricity 

bill which in according to Expatistan website (Cost of living in Helsinki) is 68 €  
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approximately, gas and heating included. This figure (10 -12 €) could be greater if we 

consider the quantity of energy that we could save with the devices that belong to the 

home automation system. So, we would reach approximately a 20 % saving in the total 

monthly bill. 

Even so, we would need a lot of years to recover the initial investment (55,167.32 €). 

In consequence, we would need subsidies (unfortunately in Finland there are no 

subsidies for private houses yet), aids, personal or family contributions, or donors in 

order to tackle the initial investment. Since, it would be really difficult to get a loan 

from a bank because of the low profits compared with the costs of the project.  

In order to know how much diary energy we can sell with the Finland electricity price 

(0.15 €/kWh), we would need to multiply the power generated by PV system, by per 

peak sun hours (1 HPS = 1 kWh/m2/day), and then take off the Wh/day that we are 

using: 

 

Picture 37. Solar irradiance (http://solarelectricityhandbook.com/solar-irradiance.html) 

January: 8960 W · 0.77 = 6899.2 Wh/day – 2264 Wh/day =4635 Wh/day→ 21.55€ 

February: 8960 W · 2.02 = 18099.2 Wh/day – 2264 Wh/day =15835.2 Wh/day→66.51€ 

March: 8960 W · 3.51 = 31449.6 Wh/day – 2744 Wh/day =28705.6 Wh/day→133.48€ 

April: 8960 W · 4.68 = 41932.8 Wh/day – 2744 Wh/day =39188.8  Wh/day→176.35 € 

May: 8960 W · 5.42 = 48563.2 Wh/day – 2744 Wh/day =45819.2 Wh/day→213.06€ 

June: 8960 W · 5.27 = 47219.2  Wh/day – 2744 Wh/day =44475 Wh/day→200.14 € 

July: 8960 W · 5.19 = 46502.4 Wh/day – 2744 Wh/day =43758.4 Wh/day→203.47€ 

August: 8960 W · 4.39 = 39334.4 Wh/day – 2744 Wh/day =36590 Wh/day→170.14€ 
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September: 8960 W · 3.32 = 29747.2 Wh/day – 2264 Wh/day =27483.2 

Wh/day→123.67€ 

October: 8960 W · 1.88 = 16844 Wh/day – 2264 Wh/day =14580 Wh/day→67.78€ 

November: 8960 W · 1.13 = 10124.8 Wh/day – 2264 Wh/day =7860.8 Wh/day→35.37€ 

December: 8960 W · 0.56 = 5017.6 Wh/day – 2264 Wh/day =2753.6 Wh/day→12.8€ 

Total: 1,424.32 €/year 

Therefore, we would last 39 years to pay back the initial investment: 55,167.32 €/ 

(1,424.32 €/year) 

From a positive point of view, it is an interesting project because of 5 important 

aspects: 

 Using of non-polluting energy 

 Energy efficiency 

 Saving money 

 Comfort 

 Security 
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