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The goal of this Bachelor’s thesis was to present the development of photovoltaic systems 
from the earliest application to modern-day technology. For a purposeful study, the Finnish 
photovoltaic market was further analyzed and dissected, to compare its’ maturity to the 
evolution in southern Europe.  
 
The methods used in the project consisted of background research, an enquiry on citizens' 
opinions, and further analysis of the results. Thus, a wide variety of resources were gath-
ered, to decide on relevant points to examine. The inquiry produced a response from 14 
participants, six representatives from the field, and eight non-professionals, which yielded 
a meaningful set of data for analysis. 
 
The results highlighted the diverse opinions of contemporaries on photovoltaics while em-
phasizing how they see great potential in solar energy. The ongoing climate-change dis-
course had inspired some participants to install solar systems for their homes already, 
while others felt it is important to decrease emissions and are considering it in the future. 
 
The research concluded that there is a growing interest in renewable energy amongst citi-
zens. This growth could be further promoted by the government’s investments in renewa-
ble energy. Moreover, an earlier move toward renewable energy production would support 
economic well-being while also encouraging sustainability.  
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Tämän lopputyön tarkoitus oli kartoittaa aurinkokennojärjestelmien kehitys ensimmäisestä 
sovellutuksesta nykypäivän teknologiaan. Tavoitteena oli saavuttaa syvällisempi näkemys 
alan nykytilanteesta sekä tulevaisuudennäkymistä. Tutkimus tarkasteli Suomen energia-
markkinoita yksityiskohtaisesti, verraten niitä edelleen Etelä-Euroopan pidemmälle kehitty-
neisiin olosuhteisiin ja sen perusteella tehtyihin havaintoihin. 
 
Tutkimusmenetelmät koostuivat taustatutkimuksesta, mielipidekyselystä, sekä tulosten sy-
vemmästä tulkitsemisesta. Laaja-alainen taustatyö aiheesta antoi hyvän mahdollisuuden 
valita tärkeitä aiheita jatkotutkimuksta varten. Mielipidetutkimukseen osallistuneista 14 vas-
taajasta kuusi henkilöä edusti teollisuuden asiantuntijoita, ja loput kahdeksan olivat alaa 
vähemmän tuntevia siviilihenkilöitä. 
 
Tutkimus osoitti että kansalaisilla on kasvavaa mielenkiintoa uusiutuvaa energiaa kohtaan. 
Tätä kasvua voidaan entisestään tukea valtion investoinneilla uusiutuvaan energiaan. Tä-
män lisäksi aikaisempi siirtyminen uusiutuvan energian lähteisiin tukisi talouskasvua sekä 
kestävää kehitystä samanaikaisesti. 
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List of Abbreviations 

AI Artificial Intelligence. An area of computer science applying human traits to 

computer programs; such as speech recognition, learning, and problem-

solving. 

BAPV Building Applied Photovoltaics. Systems and components fixed on existing 

structures for photovoltaic power generation. 

B.C.  Before Christ. Used in referrals to the past before the beginning of the 

adoption of the calendar and chronological time-records. 

BIPV Building Integrated Photovoltaics. Materials capable of being utilized in 

photovoltaic power generation that replace traditional materials of building 

facades, roofs, sidings. 

CDP Carbon Disclosure Project. It supports organizations to reveal the environ-

mental impact of their operations. Based in the United Kingdom. 

CEO The Chief Executive Officer. The highest singular authority in charge of 

management and leadership within an organization. 

COVID-19 Coronavirus disease 2019. The virus was first identified in December 2019 

and has since then spread to become a global pandemic. 

DHW Domestic Hot Water. Accessed to via faucets, spigots, or outlets which are 

installed in enclosures designed for human habitation, or other areas ex-

posed to living beings.   

Dr. Doctor. In this context, it refers to an academic degree. 

EPIA European Photovoltaic Industry Association. From the 28th of May 2015 

onwards the organization has been known as SolarPower Europe. 

EU The European Union.  

GW Gigawatt. A unit of energy. Equals to 1,000 kilowatts. 



 

 

HOA Homeowners’ Association. In Finland called the household company or 

property company (taloyhtiö) which is the owner of the property. A board 

consisting of all the tenants who own their apartment. 

IEA The International Energy Agency. Acts as an adviser regarding policies and 

regulations. The Headquarters are in Paris, France, and it has 30 “mem-

bership states” that include countries as Australia, the U.S, and many Eu-

countries among others. 

IoT Internet of Things. The ability to transfer data over digital networks without 

human intervention. 

ISO 9001 A constitution of quality management standards composed and published 

by the International Organization for Standardization. 

ISS The International Space Station. 

kW Kilowatt or kilowatt-hour. A unit of energy. Also, it equals to 3600 kilojoules. 

kWh/m2 Kilowatt-hour per square meter. A unit of radiation. In this context refers to 

global solar radiation. See also the Solar Resource Map. 

kWp kilowatt peak. The maximum peak performance under standard conditions. 

m2 Square meters. A standardized unit for area.  

MOI Magnitude of Importance. A standardization system specifically devised for 

this thesis project's interview-answers. 

MW Megawatt. A unit of energy. Also, equals to 1,000 kW. 

MWp Megawatt peak. The maximum peak performance under standard condi-

tions. 

NASA The National Aeronautics and Space Administration is the part of the U.S 

government concentrating on space research. Founded in 1958. 



 

 

NREL The National Renewable Energy Laboratory. The organization is owned by 

the US government and facilities are operated by contractors affiliated with 

the United States Department of Energy. 

Oyj Julkinen osakeyhtiö (public limited company). A direct Finnish abbreviation 

for the legal configuration of a business. 

PV Photovoltaic technology. It provides a means to harvest solar energy for 

electrical power generation by utilizing solar panels and an inverter. 

SPE SolarPower Europe. Aims to ensure increasing solar power generation. 

tn Trillion. The numerical value for a million millions or 1012. 

USA The United States of America. Became independent from Great Britain on 

July 4th, 1776. 

U.S The United States of America. 

 

 

 



 

 

1 Introduction 

Universally, humanity is now living challenging times: the escalation of the COVID-19 

pandemic has brought the world to a momentary halt. Yet in the background, there re-

main the questions around the decades-long global warming debate, and the joint energy 

crisis, which have been imprinted into our minds by now. From the dawn of civilizations, 

man has yearned to harness the clean abundant natural energy of the Sun. Nonetheless, 

just a fraction of that power has been successfully manipulated through the methods of 

science. Despite the recent discoveries in the area of solar technology, it is evident that 

this technological progress will continue to thirst for further investments and research in 

order to advance and provide possible solutions. 

From the viewpoint of cleaner-energy-production, it is vital to continue developing new 

and existing technologies that can diversify and eventually replace past carbon sensitive 

forms of energy. As a result, solar power and photovoltaic technology (PV) have been 

seen as a possible solution for this call. Moreover, having the power production taking 

place as close to the consumption-node as possible (e.g. on the roof of a residence), the 

transferring structure required would be reduced to the minimum. This would also pro-

mote resilient and independent methods of harvesting natural energy for inhabitants. 

On this side of the millennium, the worldwide production capacity of photovoltaics has 

skyrocketed. In the Northern hemisphere, Finnish companies are also advancing and 

innovating new solar photovoltaic technologies. Despite the limited number of sunrays 

reaching the country, especially during the long winter months, the solar technology has 

presently been deployed for close to two decades. Moreover, the comparatively smaller 

size of the nation in the world-wide-scale has allowed innovations and improvements to 

be nimbly implemented, while high technological expertise and education enable wide 

and advanced research capabilities. 

As the power of the sun has, throughout times, drawn man to harness it for civilizations, 

this thesis aims to dissect its whole history for reaching a deeper perception of the pro-

spects of the technology. Hence, the evolution of photovoltaics from ancient Greece to 

futuristic visions of the post-millennium era will be meticulously analyzed. Furthermore, 

the characteristics of the market in Finland, as well as the prospective innovations in the 

field’s future horizons will be examined. 



 

 

1.1 History of Photovoltaics: From the Ancient Past to the Millennium  

Solar power and the energy of sun rays has been utilized by man since the ancient civi-

lizations. According to research by the U.S Department of Energy, from as early as in 

the 7th Century B.C. pieces of glass and mirrors have been used to concentrate sun rays 

to ignite a fire. [1.] The early examples of this include Greeks and Romans producing fire 

for religious festivities, and the legend tells that the Greek scientist, Archimedes, to set 

fire to wooden ships from the Roman Empire attacking Syracuse by employing reflective 

bronze shields, see figure 1. [2.] However, no definite scientific proof of this exists, but a 

recreation experiment in 1973 by the Greek Navy in Greece, was successful from the 

distance of 50 meters [1]. 

 

Figure 1. Archimedes and his solar Death Ray [3]. 

Ken Butti and John Pelin relate how, in 1767, the world’s first “solar-cooker” saw the 

daylight after having been invented by Horace De Saussure [4]. This creative French-

Swiss scientist started experimenting with solar energy by focusing sun rays into one 

point after discovering how little the maximum achievable temperature had been studied.  

The device he fabricated consisted of a wooden box that had several glass-cubes inside 

each other thus magnifying the effect of sunrays traveling through the glass-walls and 

into the innermost cube, illustrated in figure 2. The device was small and portable, yet 

the contemporaries understood the great value it provided. Its ability to generate heat 

with such an inexpensive and simple manner fascinated people around the world. [5.] 

http://tonsoffacts.com/26-interesting-and-awesome-facts-about-archimedes/


 

 

Figure 2. Saussure’s Hot-Box [6] 

Over the experiments with this Hot-Box, Saussure was able to attain temperatures over 

the boiling point of water (110º C). This new heating method was further field-tested by 

Sir John Herschel [5.], who in the aftermath of his expeditions with the Hot-Box in the 

1830’s South Africa, wrote:  

 “…as these temperatures [up to 240 F] far surpass that of boiling 
water, some amusing experiments were made by exposing eggs, meat, etc. [to the 
heat inside the box], all of which, after a moderate length of exposure, were found 
perfectly cooked…[on] one occasion a very respectable stew of meat was pre-
pared and eaten with no small relish by the entertained bystanders.” 

Butti and Perlin give great credit to De Saussure for this invention. Not only was it the 

first recorded application of solar power, but it opened opportunities for wider research. 

They highlight how this technology was the prototype of the modern solar collectors. [4, 

p. xiii] 

Over the 18th Century, several momentous innovations in the fields of chemistry and 

electricity transpired. The Layden Jar, the earliest form of storing static electricity, was 

developed in Holland circa 1745 [7], and Benjamin Franklin had concluded that electric-

ity is a single force (rather than consisting of two fluids as was the contemporary theory 

in Europe) after his well-known kite-experiment in June 1752 [8]. Emerging from these 

discoveries, a whirlwind of rapid advancement carried science, and in 1799 an Italian 

scientist, Alessandro Volta, produced an implement that later became known as the 

Volta Pile, the first battery in the history of man [ 9]. 

By the late 1830s, a 19-year-old Edmond Becquerel, in figure 3, had become an assistant 

to his father Antoine, who was the chairman of Applied Physics at the French National 

Museum of Natural History (Muséum National d'Histoire Naturelle) in Paris, France [10]. 

While conducting experiments in his father’s laboratory in 1839, young Edmond 

http://www.solarcooking.org/images/saussure1.gif


 

 

discovered the “photovoltaic effect”. Later, this revolutionary realization became the 

foundation for the working concept of the solar cell [11]. 

In 1844, Charles Fritts was the innovator who installed the first rooftop solar cell array in 

New York, USA writes Meyers [12]. This new technology is said to have performed at an 

efficiency of below 1%. Nonetheless, the concept of electricity was still relatively new, 

and the contemporaries were expecting it to improve swiftly. However, the productivity 

improved with a snail’s pace making the solar energy expensive, and the output of elec-

tric generators made them a more viable solution to satiate the increasing demand for 

electricity [13]. 

By 1954, Bell Laboratories pioneered the solar cell technology to device more practical 

means of utilization. Building upon Russel Ohl’s patented work (United States Patent 

Office, 1941) on silicon and semiconductor materials from 1940, Calvin Fuller, Gerald 

Pearson, and Daryl Chapin collectively augmented the performance of solar cells from 

1% to about 6% efficiency, based on APS Physics. [14,15] This was a huge improvement 

from any other known attempts, inspiring a new period of hype around photovoltaics. The 

New York Times [15] wrote at the time: 

“[the silicon solar cell] may mark the beginning of a new era, leading eventually to 
the realization of one of mankind’s most cherished dreams-the harnessing of the 
most limitless energy of the sun for the uses of civilization”. 

 

Figure 3. Edmond Becquerel [16] 

  

https://alchetron.com/Edmond-Becquerel#edmond-becquerel-5c00ba63-59ea-4a48-b360-4290efc04b9-resize-750.jpg


 

 

In 1958, The Vanguard I space satellite used a photovoltaic array to power its radios.   

This proved the technology to be a viable alternative as a space operation energy source 

and raised awareness of its new potential. On the other hand, Andrea Hsu shines a light 

on the early development of PVs for residential use. According to her, it is ironic how the 

giant oil company Exxon Mobile participated in ground-breaking research on photovoltaic 

technology. [17] By 1960, Hoffman Electronics had pushed the efficiency of photovoltaic 

solar cells from 8% to 14%, and by 1970 a new solar cell design by Dr. Elliot Berman 

and Exxon corporation (figure 4) reduced the cost from $100/Watt to $20/Watt. This dis-

covery made photovoltaics a suitable solution for remote locations requiring power while 

being too expensive to reach with landlines [17]. 

Figure 4. Elliot Berman (center, in a patterned tie) and his team, 
Massachusetts, in 1973. / Robert Willis/ Solar Power Corp. via John Perlin [18]. 

In 1985, The efficiency rate of 20% was attained for silicon solar cells through a project 

by The University of South Wales.  Furthermore, by 1994 The NREL (USA) developed a 

gallium indium phosphate and gallium arsenide solar cell which reached a 30% conver-

sion efficiency [1]. 

  

https://www.npr.org/2019/09/30/763844598/how-big-oil-of-the-past-helped-launch-the-solar-industry-of-today?t=1587625762904


 

 

1.2 From the Millennium to 2010: Making PVs Affordable 

In the wake of the Millennium, the International Space Station (ISS), received additional 

solar panels made of monocrystalline silicon, to increase the combined array size to 

239.4 feet (73 meters) in the year 2000. [19-21] The sets of arrays can now generate 

from 84 KW to 120 KW of energy [22], enough to power over 40 households. [23] The 

price of this system has been estimated to be around $300 million (Reuters) [24], and its 

current operating efficiency between 14% - 29% based on the analysis of the technology 

available at the time, however, not disclosed by NASA [25]. 

The new age of photovoltaics started in the early 2000s. As for igniting the initial spark 

for the growth, Solar Power Europe (SPE) gives Germany kudos for encouraging the 

implementation of renewable energy technologies (biomass, geothermal, hydropower, 

wind, and solar) by adopting Feed-in tariffs to promote investments to renewables. [26.] 

Based on SPE’s estimate, since then the global solar power capacity installed has mul-

tiplied “…by a factor of more than 150” [27], as seen in figure 5. 

Figure 5. EPIA ꟷ Global PV capacity installed 2000-2010 [28]. 

The data gathered by the European Photovoltaic Industry Association (EPIA) shows that 

by the end of 2010, the global installed capacity had leaped up to 40 GW worldwide [27]. 

By the end of the decade, photovoltaic systems were being installed at an unprecedented 

pace, as seen in figure 6 below in chapter 1.3. 

https://web.archive.org/web/20121008160339im_/http:/www.epia.org/typo3temp/pics/f472fefbd9.jpg


 

 

1.3 From 2010 to 2020: Lowering the Cost and Augmenting the Tech 

A decade after the Millennium, Photovoltaic technology is still going strong. The prices 

per Watt have continued to fall making the installation more affordable. Thus, upon im-

proved performance, price evolution, and improving support infrastructure, even a wider 

audience has been able to access the photovoltaic technology. As can be seen in figure 

6 by the International Energy Agency, the growth has been exponential. [ 29, 30.] 

Figure 6. Global capacity 2008-2018 [31]. 

Moreover, in an interview on September 6th, 2017, Professor Poul Erik Morhorst, from 

the Technical University of Denmark, explained how every time the global installed ca-

pacity is doubled, the cost of photovoltaic systems will decrease by 22%. Specifically, he 

explains “…what we have seen until now is that typically the installed capacity doubles 

each 2nd or 3rd year”. This can also be seen in figure 7 which illustrates well how the 

decline of prices has been a rapid downfall [32]. 

Figure 7. Cost of Solar /  Poul Morhorst, DTU [32]. 

https://www.youtube.com/watch?v=FP_wWHjvLBY
https://iea-pvps.org/wp-content/uploads/2020/02/5319-iea-pvps-report-2019-08-lr.pdf


 

 

On April 13th, 2020, news from Natural Renewable Energy Laboratory (NREL), USA 

proclaimed: “NREL Six-Junction Solar Cell Sets Two Records for Efficiency”. The article 

unveils how scientists John Geisz and Ryan France, in figure 8, had fabricated a solar 

cell that reached nearly 50% (47.1%) operational conversion efficiency under 

concentrated illumination, and 39.2% efficiency under one-sun illumination which 

simulates standard natural light conditions [33].  

Figure 8. Geiz and France / Dennis Schroeder, NREL [34]. 

 

This high performing configuration of solar cells is a viable power source for satellites, 

due to the cost of the materials and manufacturing of the cells, yet the same product 

could also be utilized on earth as well. Consequently, Mr. France proposed a method of 

collecting sun rays with mirrors and then concentrating them into a single point. This 

would allow consuming fewer materials while also increasing the performance of the cell 

under higher concentrations of light. In figure 9 below, all known photovoltaic technolo-

gies are benchmarked and ranked based on efficiency. 

Figure 9. Best Research-cell efficiencies; NREL, USA [35]. 

https://www.nrel.gov/pv/cell-efficiency.html
https://www.nrel.gov/news/press/2020/nrel-six-junction-solar-cell-sets-two-world-records-for-efficiency.html


 

 

In the close future, NREL scientists look forward to breaking the 50% barrier which is 

“actually very achievable”, says Mr France. Hence, the scientists will now focus on en-

hancing the performance by reducing the restrictive barriers inside the cell hindering the 

flow. On the other hand, they do not believe in the efficiency of full 100% ever being 

attained due to the fundamental boundaries by thermodynamics [33]. 

2 Photovoltaic Technologies in Finland Today 

Residing in the North and close to the North Pole, Finland receives slightly less solar 

radiation than nations settled in central Europe or the vicinity of the equator. The capital, 

Helsinki, receives annually 7% less solar radiation compared to Berlin, Germany, and a 

staggering 50% less than Rabat, Morocco, according to the PV*SOL Online PV dimen-

sioning tool. [36] Even with the limited amount of sunlight in Finland, photovoltaic tech-

nology has now been employed for over two decades and counting. 

Figure 10. Solar Resource Map / World Bank Group [37]. 

The differences in global radiation are illustrated above in figure 10 Solar Resource Map, 

which does not quite reach Helsinki yet. For a reference, the Finnish Meteorological In-

stitute determined the annual global radiation of the Helsinki-Vantaa region being 975 

kWh/m2. The study was conducted in 2011 (see Appendix 2; table L2.2.). 

Nonetheless, Finland’s compact size with a high level of education allows nimble tweaks 

in the infrastructure and policies, while providing sharp workforce to innovate new, even 

more refined solutions. Subsequently, there are existing subsidies to encourage the im-

plementation of renewable energy and several new companies are honing the 

https://solargis.com/maps-and-gis-data/download/world


 

 

constraints impeding the systems’ performance. Therefore, the number of solar power 

plants has been growing quickly along with the new players entering the market, as the 

interview material will further elaborate in the following subsections of chapter 2. 

2.1 Shifts in the Focal Point 

Over time, there have been several systems and methods for harvesting solar energy 

which have risen to the mainstream. Based on the interviews conducted for this thesis, 

around 2010, many people in Finland placed their trust in solar thermal collectors that 

transferred thermal energy through a carrier medium (e.g. H20) inside a tube network, 

see figure 11 below. 

Figure 11. Solar-Thermal system / Basil Huffman [38]. 

Nonetheless, recently photovoltaic systems for electricity have become the majority, see 

in figure 12 Photovoltaic system.This shift is due to the long lifespan of PV- systems 

(some claim 30 - 40 years), and their ability to generate power during the peak-consump-

tion, in the morning and evening. Furthermore, solar thermal production, while being less 

complex a system, is less versatile and mainly used for domestic hot water heating. Also, 

solar thermal production is often attributed to lower performance during the cooler tem-

perature seasons which, in contrast, have lesser impacts on PVs as long as sunlight is 

present. This invest and forget solution of PVs has especially appealed to Finns who 

have an occasional demand of a few hundred kilowatts for basic needs, at a distant 

locale. 

Figure 12. Photovoltaic system / Hrushikesh [39]. 

https://www.researchgate.net/figure/Photovoltaic-Electricity_fig7_325567967
https://www.slideserve.com/basil-huffman/technology-rooftop-solar-thermal-collector-thermal-energy-storage


 

 

2.2 Summerhouses 

As residents of a country of thousands of lakes, the Finns take tender care of their sum-

mer cabins of which quite a few are located at off-grid regions. In April 2020, an analyst 

estimated there are 80,000 off-grid cottages in the countryside, while supported by a 

simple 100-Watt solar panel for lighting and appliances. Furthermore, there are also 

1,000 dwellings powered with home wind turbines while 4,000 cabins are still without a 

power source, for instance on the islands of the Baltic Sea. From this initial spark for 

cabin-solar, the movement over the past decade has been more toward private home-

production. Nowadays, the panels are being installed in the more densely populated re-

gions. This progression is further topped with some solar energy systems for grocery-

chains and business organizations. 

2.3 Businesses with Renewable Programs 

Businesses, institutes and entities like farms, towns, and cities have also invested in 

solar energy and renewables around Finland. This is the most appealing choice in situ-

ations where the organizer can avoid costly electricity transfer fees and taxes while col-

lecting the government’s investment-subsidy for renewable energy sources, states Finn-

ish Lähienergialiitto (“Local-Energy-Agency”) on their website [40]. This all further adds 

to the marketed face-value of supporting the more sustainable future. 

In 2020, private parties can usually apply for subsidies varying between 10-30% of the 

total investment expenses. The big-league players working on new technological pro-

jects can receive increased support of 30-40% of the investment [41]. Also, energy-in-

spections for the municipal-sector and micro- and mid-size businesses can be eligible 

for 50% coverage, while all other entities will get 40% for their analyses and inspections. 

[42] All these applications are processed by the innovation funding center Business Fin-

land, while the Ministry of Employment and Economy will be granting the funding. By 

regulations, the share is dependent on the project’s characteristics, yet for private home-

owners, the solar thermal and PV subsidy was 20% in 2020 [43]. 

2.3.1 S-Ryhmä Aims for Carbon Neutrality by 2025 

On the 16th of April 2018, the Finnish grocery-chain S-Ryhmä announced that within a 

year they will be installing solar panels on the roofs of 40 stores to meet their ambitious 



 

 

goal of reducing carbon emissions by one million tons by 2030. This meant that 37,000 

panels were going to be installed on top of S-Market, Prisma, and ABC-stores around 

Finland. By 2025, the company aims to have increased its use of self-produced renew-

able energy to 80%, of which the majority is covered by wind power and annually 10% 

would come from solar power [44]. 

On the 15th of April 2020, S-Ryhmä published an article reporting a record of covering 

up to 97.5% of the first quarter of 2020 energy demand by its own renewable energy. 

This achievement was accredited to favorable wind conditions, a strong increase in the 

number of solar panels, and increased energy efficiency. figure 13 below depicts the 

progression of the demand covered with renewables: the darker green represents the 

total electricity consumption while the lighter green shows the amount of wind and solar 

power against the aggregate consumption [45]. 

Figure 13. Progression of renewables implementation/ S-Ryhmä [46]. 

By January 2020, S-Ryhmä had installed 50,212 solar panels on 71 mall-roofs generat-

ing 14 MW of electricity. The goal of 2020 is to install PVs to over 40 additional locations, 

totaling 70,000+ operating panels. On its website (s-ryhma.fi), the company broadcasted 

on the 23rd of January 2020 that these efforts have earned the chain an award from the 

Carbon Disclosure Project (CDP) which ranked the establishment in class A- which is 

the highest among the Finnish retail businesses [47]. 

 Additionally, the company has committed to being fully carbon-negative in 2025. After 

reducing emissions and polishing energy efficiency, the company will compensate for 

the remainder by utilizing methods of forest and earth carbon-storing. S-Ryhmä believes 

the need for compensation will be reduced over time when combined efforts and opti-

mizing will enhance the overall performance [47]. 

https://s-ryhma.fi/uutinen/s-ryhma-kattoi-lahes-kaiken-sahkontarpeensa-uusiut/C4uQkX609UKGyPXylg1kH


 

 

2.3.2 Finavia: Fully Carbon Neutral Since 2019 

The international airport of Helsinki-Vantaa, Finland, has also set goals for reducing car-

bon emissions. According to Finavia who operates the airports in Finland the Helsinki-

Vantaa Airport has officially been certified as carbon neutral from 2017, see figure 14. 

Moreover, the regional airports have also been carbon neutral since the Spring of 2019, 

a year before the set goal. Even by the standards of the European Union, aiming to 

reduce the carbon footprint by the aviation industry, this achievement is remarkable [48]. 

Figure 14. Helsinki-Vantaa International Airport Terminal 2/ Finavia [49]. 

Continuing to cut carbon emissions is important to Finavia. Currently, the airport-buses 

are fueled with diesel fully made from waste and residue, while smaller vehicles have 

long been powered by electricity. Additionally, energy efficiency and the use of renewa-

ble energy have been the pillars for reaching the goals of carbon neutrality. Yet, Finavia’s 

Climate Programme lists many further goals and activities for the year 2020. The com-

pany plans on purchasing more eco-friendly vehicles, a significant increase in LED lights, 

and engaging other companies operating at airports to reduce their emissions. 

Meanwhile, the flagship of Helsinki-Vantaa will continue being a showcase of the greener 

aviation in Finland [50]. 

  

https://helsinkismart.fi/solar-power-plant-at-helsinki-vantaa-airport/


 

 

Over the past decade, Finavia reports having reduced carbon emissions by an average 

of 3% per passenger while having also constructed a solar power plant on the roof of its 

Terminal 2, see in figure 15. This plant came online in Spring 2017, as reported by the 

company on the 19th of May 2019, and generates around 330 kWp during standard con-

ditions. In 2020, Finavia plans on installing additional solar panels on the façade of its 

new parking hall [51]. 

Figure 15. Finnavia’s solar power plant on the roof of Terminal 2/ Finavia [52]. 

In addition to achieving carbon neutrality in its operations, the company has committed 

to aiding nations that have challenges with the reduction of emissions. Countries, such 

as India, have been seen in need of help with their environmental challenges. This as-

sistance will be provided through the means of a compensation mechanism, the carbon-

offset, which allows compensation of emissions that are produced elsewhere [48]. 

2.3.3 Senaatti-Kiinteistöt Invests Millions of Euros in Solar Power 

Senaatti-Kiinteistöt (Senate Properties), is a state-owned enterprise and manages real 

estate assets of The Republic of Finland. An article in the Finnish construction-magazine 

reveals that by 2022, Senate Properties’ goal is to have around 50 new solar power 

plants in operation and increase the production capacity up to 5 MWh peak. Thus, they 

will annually invest a million euros in the project until the end of the strategic term of 

2022, writes Mikko Kortelainen, in Rakennuslehti. Also, new technology will be utilized 

in polishing the performance of the existing buildings [53]. 

  

https://www.finavia.fi/en/newsroom/2019/helsinki-airports-solar-power-plant-now-largest-airport-based-solar-power-generation


 

 

2.4 Single-Family Homes 

In recent years, solar energy has gained popularity and Lähienergialiitto states it is an 

energy form people want more of in the energy markets of Finland. [54] The thesis-inter-

views show that while people worry about the climate-change, businesses and cites see 

positive gains and image-value in renewable endeavors. It is noteworthy that the renew-

able subsidies in Finland vary usually between 10-30%, but Kotitalousvähennys (“house-

hold deduction subsidy”) can also be used to cover some parts of the investment costs. 

However, it is only available for people living in a detached dwelling. Nevertheless, many 

experts interviewed share the opinion that despite virtually non-existent opposition, to 

enable further exploitation of solar energy, the progression could and should be expe-

dited by revisions to impeding regulations while also dedicating additional resources to 

the cause. 

2.4.1 Solar Thermal Energy Versus Photovoltaics 

In Finland, selecting a solar power system for a detached dwelling is dependent on many 

conditions. The viability of picking solar thermal or photovoltaics is strongly influenced 

by the main purpose: is the power used for heating domestic hot water (DHW, figure 16), 

or for generating electricity? Although solar thermal energy has been attributed to over-

powering performance over the warmer seasons, PVs are currently more visible and 

prominent in the discourse, say the experts interviewed. 

Figure 16. Possibilities of Solar Thermal Energy/ Tampereen Sähkölaitos [55]. 

  

http://biobisnesta.fi/wp-content/uploads/2018/04/Aurinkoenergia-t%C3%A4n%C3%A4%C3%A4n-ja-tulevaisuudessa-Tampereen-S%C3%A4hk%C3%B6laitos.pdf


 

 

Comparing these two methods, Karoliina Auvinen from Aalto University wrote that the 

solar electricity production increased from 27 MW in 2016 to 66 MW in 2017, and further 

to 120 MW in 2018 [56]. 

Nevertheless, there is no collection of accurate data about solar thermal statistics. Yet, 

IEA, determined the solar collector capacity of Finland being around 37 MWp. From the 

extrapolation of general trends, depicted in figure 17, it can be deducted that the instal-

lations of solar thermal in Finland are following the EU-trends although up-to-date statis-

tically viable data is scarcely available [57]. 

Figure 17. Solar Thermal production capacity by 2010/ ESTTP [58]. 

2.4.2 Common Configurations and Complications in Self-Production 

Thesis-interviews showcase that while the awareness of the possibilities in solar energy 

is spreading amongst builders and homeowners, the susceptibility of installing solar har-

vesting systems is rising as well. Yet, when the daunting initial investment is being 

weighed, people might have misconceptions regarding the benefits of these systems. 

One analyst related how, on some occasions, questionable marketing tactics and prom-

ises have caused potential buyers to turn away upon learning about these unfortunate 

confrontations. Additionally, from the viewpoint of someone outside the energy-field, 

when the price paid for self-produced solar energy is still roughly four times higher than 

for the traditional forms, there is still a great amount of educating and work to do, to 

ensure newly signed producers having had the ability to make the decision based on 

accurate and scientific evidence. Else, the international aspiration for more diverse en-

ergy industry is vain perspiration. 

https://finsolar.net/kannattavuus/aurinkolampojarjestelmien-hintatasot-ja-kannattavuus-suomessa/


 

 

According to the experts interviewed, the most common solar harvesting set-up in Fin-

land simply consists of a set of panels on the roof, plus an inverter, and the main grid 

connection, as seen in figure 18 below. This results in lower self-use when 90% of the 

power is fed into the main grid due to non-existent power storage. Unfortunately, the high 

price of batteries has caused solar producers to postpone the storage upgrades for some 

later date in the future. 

Figure 18. Main components of a solar PV system/ Evoenergy [59]. 

According to an expert participating in the study, the current average size of a system 

for a single-family home is usually around 5 KWp. The system is also connected to the 

main for selling the overspill. In contrast, firms and companies usually go for the 100 MW 

optimized systems (annual production) due to the threshold of 800 MW, above which the 

federal production tax will be applied. To avoid such a mishap, the big players tend to 

leave a fair amount of leeway in their system’s capacity. 

Homeowners who were interviewed, reveal that one of the major pains for private PV-

owners, and an obstruction to wider adaptation in Finland, is the current pre-condition to 

use the power immediately. Since a PV system is a hefty investment, adding batteries 

for storing energy is not yet feasible enough, from their performance standpoint, to war-

rant the additional cost, says an expert. This has major implications for the incentives to 

implement solar energy since the inability to store energy for later self-use becomes im-

possible. This leads the homeowners to feed their solar power into the main (90% of 

production) and having to buy it later for a fourfold price. In other words, the energy 

companies will tax transfer fees for the energy sold too which causes one roughly profit-

ing 4 Eurocents per kilowatt-hour sold, but paying 12 cents per kilowatt-hour purchased 

to meet the full demand. Obviously, this trade-off does not excite too many new investors. 

https://moodle.metropolia.fi/pluginfile.php/626337/mod_resource/content/1/PV%20systems%20.pdf
https://moodle.metropolia.fi/pluginfile.php/626337/mod_resource/content/1/PV%20systems%20.pdf


 

 

The experts say there are still thresholds impeding the realization of the full potential. 

For instance, power storages are still rare due to the unbalanced equation of expected 

performance versus the magnitude of the investment. The challenges also include 

awareness and attitude education, answering questions regarding the general perfor-

mance, revising lacking policies and subsidies to improve the incentives, reforming ex-

isting structures from all-commercial to private production and private-party market, and 

justifying the associated investment costs. 

2.4.3 Advanced Configurations  

In addition to simple direct-feed systems, there are also more advanced hybrid solar 

systems on the market, figure 19 below. A specialist interviewed confirms that this 

enables the storing of power which can be utilized during the night-time or cloudy days. 

The hybrid-model will also provide cushion over extended periods of low visibility since 

PVs are highly weather sensitive. Nonetheless, possibilities with these hybrid designs 

are up to the imagination − as long as the financial standing can support the expenditure. 

Figure 19. Hybrid PV configuration/ Apollo Power Systems [60]. 

As an example, a German company, SMA Energy Systems, provides solutions for the 

clients who want to “…generate, use and store their own solar power, monitor and control 

their electrical loads, heating systems and e-vehicles, or whether they want to achieve 

additional yields…”. [61] The conglomerate was founded in 1981 and has operating 

offices in 18 countries. Hence, the extensive experience of over 35 years of renewable 

energy research has allowed them to become pioneering experts in the field. With 

https://www.apollopowersystems.com/solar-rooftop-system/hybrid-solar-system/


 

 

advancing digitalization, the company envisions a bright future for centrally controlled 

and “smart” energy systems [62]. 

Figure 20. Augmented energy system/ Future Green Technology [63]. 

SMA’s systematic and intelligent energy management enables running home appliances 

like dishwashers and washing machines during times when PVs are delivering power, 

as seen in figure 20 above. This means that the homeowner can increase and optimize 

the use of self-generated power while decreasing their dependency on the utility grid. 

Yet, by integrating a high performing battery package in the configuration, no 

compromises in technology are inherent. However, variables such as location, climate, 

orientation, and nature still play a major role in the resulting yields [61]. 

The company claims that their Sunny Home Manager is also capable of controlling all 

operations automatically based on user-defined parameters (details in figure 21). 

Moreover, by utilizing an online weather forecast and user inputs, the program modells 

a day-by-day yield forecast thus predicting in advance when bountiful solar power will be 

available − consequently engaging, say the washing machine, accordingly [61]. 

Figure 21. Sunny Home Manager by SMA Solar Technology/ SMA [64]. 

  

https://fget4u.en.made-in-china.com/product/EsznkmOuJWVY/China-10kw-Smart-Home-Energy-Saving-Grid-PV-Solar-System.html
https://www.sma.de/fileadmin/content/global/Energy-Systems-Home/docs/SMA-Energy-Systems-brochure.pdf


 

 

After the appliances are augmented with the EEBUS intelligent power control, and the 

components like SMA Sunny Boy Storage battery inverter is installed along with other 

features, the company claims the system saving up to 60% in energy costs. This is 

achieved by optimizing the operating efficiency of appliances, while the total energy flow 

is managed intelligently. When adding in the prospect of fine-tuning and monitoring the 

performance via an app in the future, the technology becomes yet another grade more 

intriguing for solar investors [64]. 

3 Finnish Companies and the Industry 

Methods of harvesting solar energy have been studied in Finland since 1970. Despite 

the amount of extensive research conducted on solar power, the adoption-process has 

been relatively slow. Lähienergialiitto states on their website that the more challenging 

climate conditions, pre-conceptions, and lower subsidies compared to other EU-coun-

tries can explain the slow progress. However, roughly from the year 2015, the capacity 

of the installed solar power has been almost doubling every year, sometimes even be-

yond [65]. 

In Finland, investments in solar increased remarkably in 2015 when operational systems 

totaled 5 MW of generated power, says Lähienergialiitto. [65] Moreover, Jouko Lampila 

wrote in 2018 that the total accumulated capacity for solar energy production already 

reached 27.2 MW by 12/2016, and as much as 66.2 MW by 12/2017. [66] Energiavirasto 

(Energy Authority) reported on the 26th of June 2019 of an increase of 82% in solar en-

ergy production, which counted for 120 MW in the solar energy production capacity by 

12/2018. [67] Experts interviewed say this exponential growth for PVs is not going to 

slow down in the future, rather the opposite, as seen in figure 22.  



 

 

Figure 22. Now trending: Solar Power 

This booming growth has been noted by the rising entrepreneurs as well. An industry 

expert, who was interviewed for this study, revealed that from 2015 to 2020, there have 

been over 300 new companies striving to get a foothold in the Finnish solar market. 

Although the majority of these firms are sales-driven and production-based, there are 

still some who concentrate on further advancing and pioneering the technology, con-

cludes the expert. Upon this notion, three Finnish solar energy companies, the ones that 

were recognized the most by the individuals interviewed for the research, will be intro-

duced briefly in the following sections of this chapter. 

3.1 Naps Solar Systems 

Naps is a Finnish company concentrating on pioneering, producing, and installing pho-

tovoltaic systems. [68] The company was originally founded in 1982 (later known as 

Neste Advanced Power Systems from 1986) after the Finnish oil production company 

Neste Oil Oyj (Fortum Oyj since 1998) decided to invest in alternative energy sources. 

In 2001, the company gained sovereignty after separating from Fortum Oyj, and the 

name was changed into Naps. By the dawn of the millennium, Naps had tirelessly ven-

tured the global markets, delivering products and operating in countries such as Finland, 

Sweden, Norway, Denmark, France, England, Singapore, Australia, China, Kenya, Bah-

rain, Germany, and Estonia, among many others [69]. 
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As of today, Naps concentrates on providing leading technology solutions with nearly 40 

years of experience. Subsequently, several books and guidelines that have been pro-

duced over the years are a sign of this expertise acquired, shown in figure 23. Also, the 

ISO 9001 -certified management system will ensure that the cutting-edge products con-

tinue to find the international audience. Furthermore, Naps has been able to hire some 

of the field’s leading experts in Finland and continues to pursue excellence through joint 

projects with networks and partners. One of the projects is conducted with Aalto Univer-

sity, one of the most distinguished universities in Finland, to develop a new nanotech-

nology solar cell [68]. 

Figure 23. The experience is visible in the form of solar energy literature [70]. 

In the future, Naps is looking forward to expanding its business in the world’s fastest-

growing energy-field, solar power. This will be achieved by accountable business prac-

tices and high-quality solar panels which are promised to yield at least 80% of the nom-

inal power for at least 26 years. Moreover, the installations of these panels are guaran-

teed for local entrepreneurs to support local economies and sustainable growth [71]. 

3.2 Savosolar 

Savosolar Oyj was founded in December 2009 in Mikkeli, Finland, and the company 

focuses on developing and providing solar thermal systems for its international client 

base. Just after 18 months from founding, the company won the prestigious Intersolar 

Award for its Direct Flow Absorber technology. Even today, this revolutionary innovation 

is still the core of the world’s most efficient flat plate collector, states the manufacturer’s 

website, savosolar.com. As of today, the company reports having delivered its products 

to 17 countries on four continents [72]. 

From its inception, Savosolar’s management has been busy making attractive business-

deals. In 2016, the company announced the delivery of a 15,300 m2 solar collector to 

https://suunnittelurasia.fi/


 

 

Jelling Varmeværk, Denmark. After two years of successful operation, an addition of 

4,835 m2 was also installed, increasing the total area of the system to 20,135 m2. Despite 

this success, the company still aims higher [73]. 

On May 2018, the company announced having signed its biggest turnkey-contract to the 

date regarding the delivery of nearly a 21,000 m2 solar thermal plant in Grenaa 

Varmeværk, Denmark. [74] The total value of the contract was 3.5 million euros and the 

close-out was scheduled for April 2019. In March 2019, Savosolar reported that Greenaa 

Varmeværk was in full operation [75]. 

In August 2019, Savosolar reported that they will be manufacturing the largest solar ther-

mal system in France for Kyotherm Solar, figure 24. The size of this solar thermal plant 

is 14,000 m2 which also made it the largest industrial process heating system in Europe. 

The total value of this contract is over 3.8 million euros, making it the most expensive 

project for Savosolar so far. At the time, the close-out for this project was scheduled for 

the spring of 2020 [76]. 

Figure 24. Kyotherm ─ Savosolar’s most lucrative contract so far [77]. 

In the future, Savosolar will strive to remain on top of the solar thermal markets world-

wide. The CEO, Jari Varjotie, said in the company’s 2019 financial statement that one of 

the reasons for a slightly lower net revenue lies in delivery delays which had not origi-

nated from Savosolar. On the same token, he rejoiced how the volume of orders had 

doubled, and cost-efficiency in production had also increased in contrast to previous 

terms. In conclusion, the company aims to continue racking up even more happy clients 

who are greatly satisfied with the performance of Savosolar’s systems [78]. 

https://savosolar.com/case/kyothermsolar-france/


 

 

3.3 Solarvoima  

Just before the rise of the new wave, Solarvoima Oy was founded in July 2014. The 

company concentrates on delivering solar panel systems for detached dwellings and 

commercial buildings on the turnkey-contract basis. The vision of the company is to pro-

vide its clients with the world’s best solar panels, components, and installation teams, to 

guarantee their satisfaction [79]. 

Thus far, Solarvoima has installed over 1,000 solar systems in Finland. Yet, the variance 

in solutions has been great since the installed locations include single-family homes, 

commercial buildings, shopping malls, and summer homes. At the forefront, the company 

has taken part in the experimental project that, in 2014, installed Finland’s first solar PV 

system in an apartment building in Käpylä, (figure 25). At the time, the project was un-

precedented due to the challenges such systems had in the regulatory environment, ac-

cording to Sari Alhava [80]. 

Figure 25. Janne Käpylehto presenting the system in Käpylä [80]. 

In Finland, the regulations regarding the utilization of PVs in apartment buildings have 

not been the most favorable. In addition to technical challenges in allocating the self-

generated power between tenants, the current policy forces the tenants to pay transfer 

fees and taxes even for their own production, because by law, the power must circulate 

through an electric company’s main property power meter, see figure 26. Hence, the 

majority of people living in apartments are left without the possibility of utilizing solar 

power, despite the growing interest [81]. 
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One solution has been to replace all the unit-specific power-meters with a new type which 

are then owned by the Homeowner’s Association (HOA). However, this would entail a 

250-500€ cost per device, being a tough price to pay for something ordained by an out-

dated directive. However, this would allow each unit to install their own solar systems, 

and occupants manage their own production and usage independently. On the other 

hand, the so-called back-metering -method proposes a management method of having 

the HOA to own all the apartment specific power-meters of the building from the begin-

ning. All these “unit-meters” are connected to the main meter, and the main property 

meter would still be owned by the energy company, like before. The specific character-

istic for this model would be that the whole HOA and all the tenants would have a single 

electricity contract amongst themselves with a single provider which would again enable 

each resident to choose their own preferred system and power source [82]. 

Figure 26. Finnish power meter/ Petro Aaltonen, Yle [83]. 

With back-metering, the fees and taxes could be avoided if all tenants just unanimously 

agree to a permanent, mutual electricity provider. However, the current “Electricity Mar-

ket Law” (Sähkömarkkinalaki) requires that consumers have the right to ask for bids and 

selecting their electricity provider without any restrictions [81]. Luckily, an analyst inter-

viewed revealed that a revision to these regulations is currently making rounds for com-

ments, and the Ministry of Employment and Economy has stipulated that tenants living 

in apartment complexes do not need to pay transfer fees or taxes for self-generated 

electricity. Henceforth, he predicts an explosion in the solar market focused on systems 

and services for apartment buildings. 

https://yle.fi/uutiset/3-10374075


 

 

Solarvoima has profiled itself as an innovative educator in the possibilities of solar en-

ergy, as advocated in figure 27 below. The company has been a partner in events that 

aired the news of “World’s Largest Ice Carousel: 122 meters”, and “Sailing a Sauna 

from Helsinki to Tallinn!” which both utilized solar power in the process. [84-86] Both 

projects attracted the attention of the international press, and the Sauna-event made 

news with media corporates such as Business Insider, The Times, The New York 

Times, and Reuters [86-90]. 

Figure 27. Solarvoima has attracted the international media with various excit-
ing events/ Picture of the sauna by Janne Käpylehto [91]. 

The inventor and center figure of these events, Solarvoima’s Director of Development 

Janne Käpylehto, says that raising awareness of solar power is necessary. In Finland, 

PVs will be climbing at a staggering rate in the future and there is still a vast market to 

explore! Especially, there are great possibilities in adding solar to the multitude of apart-

ment complexes that are homes for nearly 2.6 million Finlanders. Mr. Käpylehto firmly 

believes that in 10 years the prominence of solar energy will be exploding in the global 

energy market. In the meanwhile, he intends to “…continue teaching people how much 

fun energy can be!” [92]. 

  

https://mobile.twitter.com/Reuters/status/1031914790275481600


 

 

4 Research Data 

Chapter four will present and analyze research-data that was acquired by interviewing 

several individuals about their views on the rise of solar and photovoltaic technology, see 

table 1 for details. Roughly, half of the participants are currently working in jobs related 

to the industry, but also persons outside the immediate field were contacted. These in-

terviews were carried out as phone-interviews in April 2020. 

Table 1. Professions of the research participants. 

As can be seen from table 1, the participants are from all walks of life, holding various 

positions in business and profession. The diversity in the partaker pool was one of the 

set goals when gathering data for the research. This variance would ensure a great va-

riety of opinions and views to analyze. 

4.1 Common Views on Photovoltaics 

Most of the participants believe that the ongoing climate-change discussion has moti-

vated people to take part in the effort of implementing more energy-efficient construction 

practices, considering the overall performance of the buildings more carefully, and in-

vesting in less environment-taxing heating systems, as shown in figure 29 for the division 

answers. Yet, the total capacity of solar energy is still marginal compared to older prac-

tices, but the participants believe the prominence will grow by varying degrees in the 

future. In general, the views of solar power are positive, yet opinions regarding its signif-

icance in the future are rather diverse. 

 

Experts

• Author of Energy Literature

• CEO of X PV company

• Professor of Real Estate

• Professor of Technical 
Physics

• Project Engineer

• Representative of Y Energy 
Company

Individuals

• Army Lieutenant

• Bachelor of Social Services

• Car Sales Manager

• Carpenter

• Engineering Student x2

• Nurse

• Interior Finishing Specialist 



 

 

Figure 28. Q1 answers. 

While the participants are not scared of global warming, they generally think it is a serious 

matter to consider. All have noted the rise of PVs, and the expert participants have had 

first-hand experience of how the prices of solar systems have come down in recent 

years. All parties agree that the shifts in the most popular technology have been visible 

in the trends of construction, cityscape, and amidst design-decisions of the most active 

homebuilders. Therefore, now is an excellent opportunity to decrease the carbon foot-

print, and advance implementation of renewables, as answers depict in figure 28. 

Figure 29. Q2 answers. 
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Generally, all participants think that PV systems will keep improving and their efficiency 

rising. Therefore, PVs can help to reduce carbon emissions, and further increase their 

share of total energy production in contrast to other methods currently prominent, refer 

to figure 30. On one hand, over half of the experts think that PVs alone will take over a 

significant portion of the energy market within the next 10-20 years while others see it 

rather as a welcome but partial component of renewables. The great majority of the ex-

perts advocate for a swift transfer to more sustainable forms of energy, calling for gov-

ernment intervention in increasing incentives for adoption of renewable energy systems. 

60% of the experts already have a PV system in operation, either at home or summer 

residence. 

Figure 30. Q3 answers. 

Most of the participants without a relation to PV industry think that as the wind energy is 

going strong and solar thermal systems have not quite kept up with PV systems, there 

will not be a singular, most promising technology of tomorrow, whether it is solar or other 

renewables, as depicted in figure 30. Anyhow, they still expect to see great improve-

ments in solar applications. Nonetheless, the opinions seem to be more dependent on 

the experiences with, and affiliation to the types of renewable energy than to be an in-

depth understanding of the national or international trends. Despite scattered opinions, 

38% of the non-professionals would seriously consider installing a photovoltaic system 

for their house in the future. However, the main holdback is the current price and ques-

tions about personal financial gains in the long run. 
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4.2 Possibilities in the Market 

As presented before, solar energy has gained popularity in recent years. Currently, solar 

power is a desired form of power in the energy market of Finland. Both individuals and 

businesses see great value in participating in voluntary climate-acts by advancing the 

implementation of renewable energy sources. The thesis-research revealed that from 

2015 to 2020, there have been over 300 new businesses entering the Finnish solar mar-

ket. Some analysts interviewed believe in even greater growth over the next 10-20 years, 

both domestically and globally. 

The experts who participated in the interviews for this thesis are positive about the pro-

spects of photovoltaic power systems, as can be seen in figure 31. In fact, the sun offers 

more energy daily than what is the current demand, plus it is clean & green, and the 

process is relatively simple. Thus, the experts’ average expectation for improvements in 

PV technology is 9.5 (“considerable improvements”) in a scale from 1-10. Consequently, 

the experts also see PV systems having an important role in reducing CO2-emissions in 

the future, with an average of 9.17 out of 10 in the replies. 

Figure 31. Averages of answers per group for questions 3-5. 
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At the same token, individuals outside the immediate field also think that photovoltaics 

still have room to develop (average 8.75). Additionally, they strongly agree with the ex-

perts that PVs would be of help when aiming to reduce CO2 emissions, with a high aver-

age of 8.5 (“important/ considerable”). Most of the participants “individuals” are under the 

age of 30, thus not living in detached dwellings yet, but they would be considering solar 

PVs as an energy form in the future, should there be an opportunity to buy or construct 

their own home. Overall, the topic is important and close to contemporaries. 

4.3 Experts’ Visions 

The in-depth interviews with the professionals gave great insights into the advancement 

of new innovative forms of solar panels. One product developer saw transfer from Build-

ing Applied Photovoltaics (BAPV) to Building Integrated Photovoltaics (BIPV), pictured 

in figure 32, while another specialist hopes for the development of nanotechnology [93]. 

A third called for printable solar panels that could be “slapped on virtually any surface to 

generate power, and be the next big thing”. 

Figure 32. BIVPs at work [94]. 

In experts' conclusion, most of them agreed that the development of battery technology 

would greatly increase private homeowners’ interest in solar systems, in comparison to 

the current growth-rate. Additionally, they hope the government sees the potential in PV 

systems worth investing in, by directing incentives toward the cause. On the European-

scale, the support-structure in Finland is still in the making, but the current growth en-

sures that PV technology will continue to draw enthusiasts towards sustainable and re-

newable energy sources in the future as well. 

https://energypedia.info/wiki/Building_Integrated_Photovoltaics_(BIPV)


 

 

4.4 Adventures + Affiliations + Assumptions = Actions 

Tabula Rasa, the principle attributed to the philosopher John Locke, suggests that all 

humans are born as a blank slate. This slate will eventually be covered with recordings 

of experiences encountered and will influence all the activities that are undertaken. Con-

sequently, the knowledge and experience regarding a specific area (or field) will influ-

ence our preconceptions and actions when making new decisions [95]. This bachelor’s 

thesis is not trying to be philosophical in nature, but this idea of influential experience is 

also visible in the answers that the research-interviews accumulated, see table 2 for the 

questions asked. 

Table 2. The template for interviews. 

 As illustrated in figure 33, the difference in Magnitude of Importance (MOI) -values (as 

seen in table 3), between the experts and individuals is intriguing. Yet, it visualizes the 

great challenge when pioneering visionary products for individuals from all walks of life. 

How to meet on the same level to realize common goals together when looking at things 

from slightly different angles? 

Table 3. The Magnitude of Importance. 

MOI Definition 

10 Absolutely (Serious/ Important) 

9 Considerably (Serious/Important) 

8 Yes (Serious & Important) 

7 Probably (Serious and Important) 

6 Possibly Important 

5 Maybe / Indifferent 

4 

3 

2 

1 

Not interested or following 

No big deal (“overhyped”) 

No worries at all (Seriously) 

All is fine as is 



 

 

This question needs to be considered carefully to reach a more sustainable future. Sur-

prisingly, this thesis illustrates (figure 33) how positive the response to solar energy is in 

Finland. Furthermore, it is noteworthy that most of the non-professional interviewees 

were individuals under 30-years-old which emphasizes the youth’s favourable opinion to 

alternative energy sources. 

Figure 33. The collated responses of thesis interviews. 

 In other words, it is vital that the experts of the field continue to educate citizens and 

authorities regarding the potential of photovoltaic technology. Reaching a common level 

of know-how is necessary for supporting the advancement of renewables, and this would 

provide the nation a chance to distinguish itself as a frontrunner of the energy pioneers. 
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5 Over and Beyond Analysis 

During the interviews, the experts pointed out inspiring observations from the analysis 

they had conducted on the current energy environment. Many openly gave their thoughts 

upon improvements on the many possibilities that are on the surface today. Often, I was 

given a peek into the future by the professionals with great insight into the energy field. 

Therefore, these intriguing ideas and principles will be further looked into in chapter five.  

5.1 Observations 

Globally, the bulk of PV production has moved to China where it increases with giant 

leaps. In the past, the nation has struggled with air pollution and this has greatly high-

lighted the cleanliness-benefits from renewable energy. This progression can also be 

seen in the IEA’s 2019 report on the “Trends in Photovoltaic Applications” which ranked 

the current leaders of the PV-market. The study situates China as number one by a 

staggering margin and for the sixth year in a row, as seen in figure 34 below [96]. 

Figure 34. The cumulative PV capacity worldwide by 2018/ IEA [97]. 

By the numbers of 2018, the cumulative PV capacity in the world is now 512.3 Gigawatts. 

Of this number, the biggest shareholders are China with 175 GW, USA with 62.5 GW, 

Japan with 56.1 GW, and Germany with 45.5 GW. On the other hand, for perspective, 

Finland had the capacity of 0.134 GW of cumulative PV installed by the time [98]. 

  

https://iea-pvps.org/wp-content/uploads/2020/02/5319-iea-pvps-report-2019-08-lr.pdf


 

 

5.2 Improvements 

Many professionals agree that the greatest hindrance to a wider adaptation of solar tech-

nology is the legislation in Finland. Apartments that house 2.6 million Finns must be 

freely allowed to enter the PV market. Additionally, if authorities were to take heed of the 

German model of feed-in tariffs and introducing better subsidies, an earlier transfer to 

renewable energy forms would be possible. This would also make the transfer less cha-

otic and expensive than if the impacts of climate change are allowed to escalate further. 

If wisely harnessed, renewable energy could also be used to boost the global economy 

while also meeting the climate targets, writes Jillian Ambrose. She highlights how a re-

port by the International Renewable Energy Agency has found that a return of $3 to $8 

would be collected on every dollar invested in renewables by 2050. These gains would 

come from new jobs in the field, improved health and welfare scores by reducing toxins 

in the air, as well as reduced expenses of the climate change, such as subdued damages 

by wildfires and flooding in different locations [99]. 

In attempts to increase the portion of solar energy in the market, solar thermal technology 

should not be forgotten. Even if the technology’s overall annual performance lies below 

that of the photovoltaic technology, it is simply an uncomplicated and affordable system 

to lower the dependency on less sustainable energy. One analyst lamented how solar 

thermal technology has suffered from a bad reputation although great performance can 

be acquired by a hybrid-system which can be a configuration of two parallel power 

sources, for example with a solar thermal system with a heat pump, or, especially, with 

district heating. This remark is supported by Karoliina Auvinen from Aalto University who 

wrote that solar thermal technology is economical in Finland if the dimensioning is done 

in the most optimal manner [98]. 

It is evident now that man can exist in a world that runs on cleaner principles than in the 

past. An unusual regarding COVID-19 is its benefits. Immediately it has to be strongly 

underlined that this train of thought is not meant to disregard or belittle the suffering of 

those whose lives have been greatly impacted by the global pandemic and are going 

through the most turbulent times after the millennium. These thoughts are pondered 

purely from and within the energy production industry’s vantage point. Nonetheless, 

when touching such a sensitive topic, these restrictions need to be addressed. 

  



 

 

The climate change is real, writes Damian Carrington in The Guardian. [100] However, 

its magnitude and effects are still being argued, while not even considering the methods 

of intervention. Today, we have seen an unprecedented period of industrial times when 

massive factories have been standing at a halt, population movements have been re-

stricted whether traveling by foot, car, ship, or aircraft, and daily consumption has fallen 

by an astonishing margin. Hence, the flow of consumables, of which 95% are at the end 

of their lifespan within 6 months, has also dried up momentarily, according to one of the 

interviewed experts. Nonetheless, the world still operates, and the sun rises every morn-

ing. This indicates that even policies that momentarily slow production-rates could, after 

all, be implemented with minor impacts. Reporter Jillian Ambrose goes as far as stating 

that “Green energy could drive Covid-19 recovery with $100tn boost”. This bold claim 

was attributed to the International Renewable Energy Agency which had stated the in-

vention would pay itself back manifold by 2050 [99]. 

5.3 Future 

The sun provides an abundant source of energy that has been yearned after since the 

dawn of civilizations. As established in section 1.1, the first records of utilizing this power 

date back to ancient Greece. Since then, man has slowly learned to harness some of 

that power through methods of science. Despite the extensive development period of PV 

technology, even the modern scientists who are currently mapping the universe still 

struggle to convert the power of the rising sun to usable power. Yet, it needs to be noted 

that there has been a significant improvement in the efficiency of the derivatives of this 

technology over the past 20 years. Nonetheless, it is evident that technological progres-

sion will continue to thirst for further investments and research in order to advance. 

Therefore, in the following paragraphs, three key questions and viewpoints will be ana-

lyzed to conclude how to prepare the road for wider solar technology adoption and hence 

adaptation. 

The first question in seeking wider audiences for adopting new energy forms is whether 

the method is upscalable or not? Solar power is advantageous in providing the oppor-

tunity to self-govern one’s full energy-cycle. This enables shifting the production from the 

centralized commercial market to private and dispersed production nodes that might not 

even have a main grid connection. This practice would also enhance resiliency when 

these nodes would be fully self-reliant. According to one industry expert interviewed, this 

concept of energy-ownership has been seen causing a movement from hourly-paid 



 

 

consumption (kilowatt-hour) to quarter-consumption, meaning the consumption being 

metered in 15-minute intervals. This would allow nimble jumps from provider to another 

in the quest for the lowest price. As the financial markets and stock companies have 

done for decades, this could be entrusted in the hands of a lightning-fast AI in the future. 

The second question is, what materials should be used? These choices have many de-

terministic implications on the final product since the components will directly influence 

the final price of the end-product. The price for the general public, which has been 

deemed an insurmountable issue for some potential investors by this thesis, should not 

be forsaken in the pursuits of new technology. For instance, when the NREL’s Six-Junc-

tion solar cell currently performs at 47.1% efficiency, but the average consumer afforda-

ble systems perform around 20% efficiency, it is evident how the increased performance 

through embedded astronomical costs renders such technology implausible ever being 

used for private production. However, commercial utilization is still a viable possibility 

with the proposal of concentrating sun rays. Nonetheless, the end of life use of these 

high-end products is an obscure matter. Conversely, the common panels of silicon and 

aluminum use abundant resources yet are relatively easy to recycle. 

Third, considering the whole lifecycle of the products is sustainable thinking. As men-

tioned before, silicon and aluminum are commonly available resources in nature, yet they 

currently leave to be desired in the aspect of performance. These materials still require 

a substantial amount of engineering which increases the production cost. On the other 

hand, one of the experts who was interviewed suggested that the lifespan of current 

technology designs is 30-40 years, with warranties up to 25 years, which has appealed 

to clients and manufacturers relying on them. They trust that a suitable recycling solution 

will be available at some point in the future. Nevertheless, the number of components 

and materials in a solar panel is increasing which makes the product harder to recycle. 

Similarly, making panels easier to recycle will also increase the cost when utilizing the 

contemporary know-how and technologies available. However, these two dependencies 

are presented to emphasize how cheap does not equal to best or sustainable either. In 

2016 [101], Nashon Okowa related a famous quote from NASA astronaut John Glenn 

regarding his feelings in the spacecraft during the flight: 

“As I hurled through space, one thought kept crossing my mind…every part of this 
rocket was supplied by the lowest bidder!” 

An industry analyst interviewed related how studies reveal that the markets, after having 

relied on the most affordable products for a while, show an increase in less pleasant 



 

 

incidents involving the said products. Such occurrences have already taken place in 

more mature PV markets and entail an increase in the number of maintenance providers 

and end-of-life services, such as secondhand-markets. The analyst says this is going to 

happen in Finland as well. Elsewhere, this development has resulted in re-adopting the 

high-quality approach. He further elaborates how this has led to the rise of monitoring 

and management equipment and has promoted the IoT (Internet of Things) technology. 

Subsequently, this has promoted further development of AIs that optimize energy net-

works in the full-auto mode. In other words, there has been a movement from the invest 

and forget thinking to invest and optimize, the analyst continues. In addition, another 

analyst who participated in the study expects a shift from the Passive House buildings to 

the Active House -model, where buildings actively produce energy for the markets, is 

gaining traction abroad while not having reached Finland yet. All else equal, he thinks 

there will be further growth in the production capacity of photovoltaics in the future as 

well, regardless of the direction taken. Both of these experts conclude that continuing to 

invest in the development is necessary to collect data for the basis of good decisions. 

They suspect, even sustainable climate-policies are cheaper now than after a full-on 

escalation of the climate change. 

6 Conclusions 

This thesis-project has verified that the global markets for photovoltaic technology have 

been expanding exponentially and solar power is here to stay and grow. Yet, with the 

support, subsidies, and scientific progress the future horizons will remain sun bright. This 

path will secure sustainable growth alongside economic success.  

The final year project showed that many individuals are interested in renewable energy 

today. In the PV market, some potential clients are deeply interested in advanced solar 

technology and BIVPs (building integrated photovoltaics), but upon price-reveal, the reg-

ular systems are suddenly often selected to lower the investment. Especially in Finland, 

there are a myriad of solar enthusiasts who are seriously considering PV systems but 

simply want a better return for their investment. One interviewee said they live in an 

apartment and are not interested in adopting solar power in the current legislative envi-

ronment, yet, they feel that the practice is of great importance and would revise the opin-

ion should there be some drastic changes to the policies. 



 

 

6.1 Support, Subsidies, and Science Ensure Future Advancement 

After the initial introduction, solar systems have become more feasible as an energy 

source since 2015 and 2016, causing the price of the technologies to sink. An expert 

interviewed for the study states that the system prices have fallen nearly 80% in five 

years and will continue to fall “close to zero”. However, another solar expert interviewee 

points out how the price of the equipment is lower but the price for installation has re-

mained a constant. He says that after substituting the efficiency expectations and the 

most evident gains in the equation, it is unlikely that man will ever get to see industrial or 

large-scale commercial PV-production in Finland, except for experimentally. Hence, de-

veloping storage capacity is a vital priority, since currently 90% of power is now fed in 

the main grid. Hence, stronger support measures have to be devised to nurture the adop-

tion of appropriate renewable sources and scientific research. 

An author of energy literature interviewed suggested that one of the reasons for the late 

increase in PV production capacity in Finland can be explained by the cheaper electricity 

price. In the past, Germany had 2-3 times higher prices per kilowatt-hour of power com-

pared to Finland, but since then the Finnish market prices have risen constantly, he ex-

plains. This can be attributed to increasing transfer-fees that could further be explained 

by upgrades on the main grid, costs of burying vulnerable air-cables underground, and 

general price-developments in the global economy. Nevertheless, it has led to the PV 

market in Finland to boom 10-15 years later than some parts of Europe he concludes. 

To support this positive evolution of growth, reaching a common level of understanding 

on all levels of society is paramount. This can be grasped by carrying on with education 

and advising of the individuals outside the immediate field of renewable- and solar en-

ergy production. Additionally, the government-guided programs and subsidies play a ma-

jor role in bringing the fruits of these technologies to hang lower for citizens to reach. 

Therefore, as stated before, it is vital to provide sufficient funding for scientific research 

to advance the applications of power that have been proven to attract the attention of 

contemporary citizens. Moreover, removing and revising laws and regulations that hinder 

the utilization of these applications should also be prioritized. In the future, the views of 

this thesis can be studied further with more abundant time-resources. Such studies could 

analyse the subject further, for instance, by extending the pool of participants to author-

ities and examine the past and current policies, to provide additional perspectives. 



 

 

6.2 Promoting Economic Growth and Sustainable Future Together is Possible 

Currently, man stands at an intersection. Traditionally, the most popular choice is not 

always the best in retrospect, or more sustainable. Today, the second option available 

is to choose quality over quantity, which inevitably comes with a price-tag. Nonetheless, 

by not compromising quality, safety, lifespan, or recyclability, a time when products last 

a lifetime, without wasting resources or materials, can be closer than it seems. 

An argument stating that the manufacturing of items cannot be allowed to suffer on behalf 

of new energy practices and policies seems weak. So far, despite the implications of the 

COVID-19 pandemic, the world is not in a chaos but slowly recovering. This moment of 

slower consumables production has provided a breather for nature as well. By now, 

many have seen the pictures and heard the news of astounding improvements in air 

quality in the U.S, India, and China. These accounts by media, such as National Geo-

graphic, have aired around the world. Beth Gardner admires the fleeting moment of fresh 

skies world-wide. [102] It is unlikely that this little breather would bring the world together 

to adopt new climate-policies immediately based on this positive yet single experience 

alone [103;104]. 

Mutual accords on fabricating decisive climate-policies for the future will not be accom-

plished over-night. However, the COVID-19 situation presents an opportunity for all sides 

to resituate themselves after being provided with this new set of data. It truly seems that 

the capability of adjusting exists, but will there be enough collective readiness to commit 

for a shared goal of a more sustainable future? The global convections are slow to 

change yet this unlikely down-time experiment shows the immediate benefits from it. 

By being bigger individuals, the people of today can reach new heights and make better 

decisions than earlier generations. This is possible only by building upon their hard work 

and tough lessons learned. Yet, this presented opportunity must be further seized by 

shouldering the inconveniences and the price equally. Only this allows building a wide-

enough base that will enable realizing tomorrow's climate-goals faster. If nations can 

unify after the great halt of the world by COVID-19, tremendous future horizons can be 

grasped by advancing renewable energy, interim promoting economic success together 

with the more sustainable future. 

  



 

 

References 

 

1 Energy Efficiency and Renewable Energy, The History of Solar. 2001. Online. 
The U.S. Department of Energy. <https://www1.eere.energy.gov/solar/pdfs/so-
lar_timeline.pdf>. Accessed 22 April 2020. 

 

2 26 Interesting And Awesome Facts About Archimedes. 2018. Online. Tons OF 
Facts.com. <http://tonsoffacts.com/26-interesting-and-awesome-facts-about-ar-
chimedes/>. Accessed 22 April 2020. 

 

3 Archimedes and his solar death ray. 2018. Online. Tons OF Facts.com. 
<http://tonsoffacts.com/wp-content/uploads/2018/05/stuffyoushouldknow-pod-
casts-wp-content-uploads-sites-16-2013-10-archimedes-600x350.jpg>. Accessed 
22 April 2020. 

 

4 Butti, Ken & Perlin, John. 1981. A Golden Thread: 2500 Years of Solar Architec-
ture and Technology E-Book. Solarcooking. 

 

5 Horace de Saussure and his Hot Boxes of 1700’s. 2000. Online. Solar Cooking 
Wiki. <http://www.solarcooking.org/saussure.htm>. Accessed 24 April 2020. 

 

6 Horace de Saussure and his Hot Boxes of 1700’s. 2000. Online. Solarcook-
ing.org. <http://www.solarcooking.org/images/saussure1.gif>. Accessed 24 April 
2020. 

 

7 Layden Jar. 2020. Online. Encyclopedia.com. < https://www.encyclope-
dia.com/science-and-technology/computers-and-electrical-engineering/electrical-
engineering/leyden-jar>. Accessed 24 April 2020. 

 

8 Science and Medicine. 2020. Online. Encyclopedia.com <https://www.encyclope-
dia.com/history/encyclopedias-almanacs-transcripts-and-maps/science-and-med-
icine>. Accessed 22 April 2020. 

 

9 Volta and the “Pile”. 2005. Online. Electrochemistry Encyclopedia. 
<https://web.archive.org/web/20120716205546/http://electrochem.cwru.edu/en-
cycl/art-v01-volta.htm>. Accessed 22 April 2020. 

 

https://www1.eere.energy.gov/solar/pdfs/solar_timeline.pdf
https://www1.eere.energy.gov/solar/pdfs/solar_timeline.pdf
http://tonsoffacts.com/26-interesting-and-awesome-facts-about-archimedes/
http://tonsoffacts.com/26-interesting-and-awesome-facts-about-archimedes/
http://tonsoffacts.com/wp-content/uploads/2018/05/stuffyoushouldknow-podcasts-wp-content-uploads-sites-16-2013-10-archimedes-600x350.jpg
http://tonsoffacts.com/wp-content/uploads/2018/05/stuffyoushouldknow-podcasts-wp-content-uploads-sites-16-2013-10-archimedes-600x350.jpg
http://www.solarcooking.org/saussure.htm
http://www.solarcooking.org/images/saussure1.gif
https://www.encyclopedia.com/science-and-technology/computers-and-electrical-engineering/electrical-engineering/leyden-jar
https://www.encyclopedia.com/science-and-technology/computers-and-electrical-engineering/electrical-engineering/leyden-jar
https://www.encyclopedia.com/science-and-technology/computers-and-electrical-engineering/electrical-engineering/leyden-jar
https://www.encyclopedia.com/history/encyclopedias-almanacs-transcripts-and-maps/science-and-medicine
https://www.encyclopedia.com/history/encyclopedias-almanacs-transcripts-and-maps/science-and-medicine
https://www.encyclopedia.com/history/encyclopedias-almanacs-transcripts-and-maps/science-and-medicine
https://web.archive.org/web/20120716205546/http:/electrochem.cwru.edu/encycl/art-v01-volta.htm
https://web.archive.org/web/20120716205546/http:/electrochem.cwru.edu/encycl/art-v01-volta.htm


 

 

10 Edmond Becquerel. Online. 2020. Solarenergy.com <https://solen-
ergy.com.ph/solar-panel-philippines-edmond-becquerel/>. Accessed 24 April 
2020. 

 

11 Palz, Wolfgang. 2011. Power for the World, The Emergence of Electricity from 
the Sun. Singapore, Pan Stanford Publishing Pte. Ltd. ”, 2011. p. 6. 

 

12 Dreaming 1875-1905, First Attempts At Commercializing PV. 2014. Online. 
Cleantechnica.com. <https://cleantechnica.com/2014/12/31/photovoltaic-dream-
ing-first-attempts-commercializing-pv/>. Accessed 22 April 2020. 

 

13 April 25, 1954: Bell Labs Demonstrates the First Practical Silicon Solar Cell. 
2009. Online. APS News April 2009, Volume 18, Number 4 
<https://www.aps.org/publications/apsnews/200904/physicshistory.cfm>. Ac-
cessed 22 April 2020. 

 

14 US2402662A. 1946. Online. Patentimages.storage.googleapis.com. <https://pa-
tentimages.storage.googleapis.com/d3/8b/71/374769ceefb2fa/US2402662.pdf>. 
Accessed 22 April 2020. 

 

15 APS News, This Month in Physics History, April 25, 1954, Bell Labs Demon-
strates the First Practical Silicon Solar Cell. Online. April 2009 (Volume 18, Num-
ber 4. Aps.com.  <https://www.aps.org/publications/apsnews/200904/physicshis-
tory.cfm>. Accessed 22 April 2020. 

 

16 Edmond Becquerel. Online. 2020. Alchetron.com <https://alchetron.com/cdn/ed-
mond-becquerel-5c00ba63-59ea-4a48-b360-4290efc04b9-resize-750.jpg>. Ac-
cessed 24 April 2020. 

 

17 How Bif Oil Of The Past Helped Launch The Solar Industry Of Today. 2019. 
Online. Npr.org. <https://www.npr.org/2019/09/30/763844598/how-big-oil-of-the-
past-helped-launch-the-solar-industry-of-to-
day?t=1587625762904&t=1588176130529>. Accessed 22 April 2020. 

 

18 Elliot Berman (center, in a patterned tie) and his team, Massachusetts, in 1973. / 
Robert Willis/ Solar Power Corp. via John Perlin. Online. Npr.org. <https://me-
dia.npr.org/assets/img/2019/09/25/oil-and-solar-1_custom-
fb6df1977e821a0d89bd855365ab852c8a162be1-s800-c85.jpg>. Accessed 22 
April 2020. 

 

https://solenergy.com.ph/solar-panel-philippines-edmond-becquerel/
https://solenergy.com.ph/solar-panel-philippines-edmond-becquerel/
https://cleantechnica.com/2014/12/31/photovoltaic-dreaming-first-attempts-commercializing-pv/
https://cleantechnica.com/2014/12/31/photovoltaic-dreaming-first-attempts-commercializing-pv/
https://www.aps.org/publications/apsnews/200904/physicshistory.cfm
https://patentimages.storage.googleapis.com/d3/8b/71/374769ceefb2fa/US2402662.pdf
https://patentimages.storage.googleapis.com/d3/8b/71/374769ceefb2fa/US2402662.pdf
https://www.aps.org/publications/apsnews/200904/physicshistory.cfm
https://www.aps.org/publications/apsnews/200904/physicshistory.cfm
https://alchetron.com/cdn/edmond-becquerel-5c00ba63-59ea-4a48-b360-4290efc04b9-resize-750.jpg
https://alchetron.com/cdn/edmond-becquerel-5c00ba63-59ea-4a48-b360-4290efc04b9-resize-750.jpg
https://www.npr.org/2019/09/30/763844598/how-big-oil-of-the-past-helped-launch-the-solar-industry-of-today?t=1587625762904&t=1588176130529
https://www.npr.org/2019/09/30/763844598/how-big-oil-of-the-past-helped-launch-the-solar-industry-of-today?t=1587625762904&t=1588176130529
https://www.npr.org/2019/09/30/763844598/how-big-oil-of-the-past-helped-launch-the-solar-industry-of-today?t=1587625762904&t=1588176130529
https://media.npr.org/assets/img/2019/09/25/oil-and-solar-1_custom-fb6df1977e821a0d89bd855365ab852c8a162be1-s800-c85.jpg
https://media.npr.org/assets/img/2019/09/25/oil-and-solar-1_custom-fb6df1977e821a0d89bd855365ab852c8a162be1-s800-c85.jpg
https://media.npr.org/assets/img/2019/09/25/oil-and-solar-1_custom-fb6df1977e821a0d89bd855365ab852c8a162be1-s800-c85.jpg


 

 

19 R&T, 1998 Research & Technology. 1998. Online. Nasa.gov. <https://web.ar-
chive.org/web/20090802054053/http:/www.grc.nasa.gov/WWW/RT/1998-
big.pdf>. Accessed 22 April 2020. 

 

20 International Space Station Solar Power. 2014. Online Phlebas.co. 
<https://phlebas.co/2014/09/23/a-primer-on-photovoltaics-in-solar-energy-sys-
tems-part-1/iss-solar/>. Accessed 24 April 2020. 

 

21 International Space Station Facts and Figures. 2019. Online Nasa.gov.  
<https://www.nasa.gov/feature/facts-and-figures>. Accessed 22 April 2020. 

 

22 International Space Station (ISS) power system. 2014. Online. EDN.com. 
<https://www.edn.com/international-space-station-iss-power-system/>. Accessed 
22 April 2020. 

 

23 About the Space Station Solar Arrays. 2017. Online.  <https://www.nasa.gov/mis-
sion_pages/station/structure/elements/solar_arrays-about.html>. Accessed 22 
April 2020. 

 

24 NASA fuels space shuttle for launch. 2009. Online. Reuters.com. 
<https://www.reuters.com/article/idUSB960267>. Accessed 22 April 2020. 

 

25 Fun Facts: The International Space Station’s New Solar Panels. 2009. Online. 
Cbsnews.com. <https://www.cbsnews.com/news/fun-facts-the-international-
space-stations-new-solar-panels/>. Updated 19 March 2009.  Accessed 22 April 
2020. 

 

26 10 years of Renewable Energies Act (EEG), looking back on a success story. 
2010. Online. <https://www.kriegfischer.de/fileadmin/images/news/Interna-
tional_EEG.pdf>. Accessed 24 April 2020. 

 

27 Global Market Outlook For Solar Power, 2016-2020. 2016. Online. Krieg-
fischer.de. <https://www.solareb2b.it/wp-content/up-
loads/2016/06/SPE_GMO2016_full_version.pdf>. Accessed 24 April 2020. 

 

28 Global Evolution of PV Installed Capacity. 2010. Online. Webarchive.org. 
<https://web.ar-
chive.org/web/20121008160339im_/http:/www.epia.org/typo3temp/pics/f472fefbd
9.jpg> Accessed 24 April 2020. 

 

https://web.archive.org/web/20090802054053/http:/www.grc.nasa.gov/WWW/RT/1998-big.pdf
https://web.archive.org/web/20090802054053/http:/www.grc.nasa.gov/WWW/RT/1998-big.pdf
https://web.archive.org/web/20090802054053/http:/www.grc.nasa.gov/WWW/RT/1998-big.pdf
https://phlebas.co/2014/09/23/a-primer-on-photovoltaics-in-solar-energy-systems-part-1/iss-solar/
https://phlebas.co/2014/09/23/a-primer-on-photovoltaics-in-solar-energy-systems-part-1/iss-solar/
https://www.nasa.gov/feature/facts-and-figures
https://www.edn.com/international-space-station-iss-power-system/
https://www.nasa.gov/mission_pages/station/structure/elements/solar_arrays-about.html
https://www.nasa.gov/mission_pages/station/structure/elements/solar_arrays-about.html
https://www.reuters.com/article/idUSB960267
https://www.cbsnews.com/news/fun-facts-the-international-space-stations-new-solar-panels/
https://www.cbsnews.com/news/fun-facts-the-international-space-stations-new-solar-panels/
https://www.kriegfischer.de/fileadmin/images/news/International_EEG.pdf
https://www.kriegfischer.de/fileadmin/images/news/International_EEG.pdf
https://www.solareb2b.it/wp-content/uploads/2016/06/SPE_GMO2016_full_version.pdf
https://www.solareb2b.it/wp-content/uploads/2016/06/SPE_GMO2016_full_version.pdf
https://web.archive.org/web/20121008160339im_/http:/www.epia.org/typo3temp/pics/f472fefbd9.jpg
https://web.archive.org/web/20121008160339im_/http:/www.epia.org/typo3temp/pics/f472fefbd9.jpg
https://web.archive.org/web/20121008160339im_/http:/www.epia.org/typo3temp/pics/f472fefbd9.jpg


 

 

29 PVPS, Trends in Photovoltaic Applications 2019. 2019. Online. Iea-pvps.org.  
<https://iea-pvps.org/wp-content/uploads/2020/02/5319-iea-pvps-report-2019-08-
lr.pdf>. Accessed 24 April 2020. 

 

30 Masson, G & Kaizuka, I. 2019. PVPS, Trends in Photovoltaic Applications 2019. 
Report IEA PVPS T1-36 : 2019, p. 66. 

 

31 Global capacity 2008-2018. Online. Iea-pvps.org.  <https://iea-pvps.org/wp-con-
tent/uploads/2020/02/5319-iea-pvps-report-2019-08-lr.pdf>2010 p. 66. Accessed 
24 April 2020. 

 

32 Poul Morhorst. Economics of solar cells. 2017. Online. Youtube.com.  
<https://www.youtube.com/watch?v=FP_wWHjvLBY>. Accessed 1 May 2020. 

 

33 NREL Six-Junction Solar Cell Sets Two World Records for Efficiency. 2020. 
Online. Nrel.gov. <https://www.nrel.gov/news/press/2020/nrel-six-junction-solar-
cell-sets-two-world-records-for-efficiency.html>. Accessed 24 April 2020. 

 

34 Geiz and France / Dennis Schroeder, NREL. Online. Nrel.gov. < 
https://www.nrel.gov/news/press/2020/images/20200413-six-junction-solar-cell-
sets-two-world-records-efficiency-59970.jpg>. Accessed 24 April 2020. 

 

35 Best Research-Cell Efficiency Chart. 2020. Online. Nrel.gov. 
<https://www.nrel.gov/pv/cell-efficiency.html>. Accessed 25 April 2020. 

 

36 A free tool for the calculation of PV systems. 2020. Online. PVsolonline.com. 
<http://pvsol-online.valentin-software.com/#/>. Accessed 25 April 2020. 

 

37 Solar Resource Map, Photovoltaic Power Potential. 2019. Online. Solargis.com. 
<https://solargis.com/maps-and-gis-data/download/world>. Accessed 25 April 
2020. 

 

38 Sanders, Seth R. Der Minassians, Artom & He, Mark. 2007.Distributed Solar-
Thermal-Electric Generation and Storage. Online. Slideserve.com. 
<https://www.slideserve.com/basil-huffman/technology-rooftop-solar-thermal-col-
lector-thermal-energy-storage>. Accessed 26 April 2020. 

 

https://iea-pvps.org/wp-content/uploads/2020/02/5319-iea-pvps-report-2019-08-lr.pdf
https://iea-pvps.org/wp-content/uploads/2020/02/5319-iea-pvps-report-2019-08-lr.pdf
https://iea-pvps.org/wp-content/uploads/2020/02/5319-iea-pvps-report-2019-08-lr.pdf
https://iea-pvps.org/wp-content/uploads/2020/02/5319-iea-pvps-report-2019-08-lr.pdf
https://www.youtube.com/watch?v=FP_wWHjvLBY
https://www.nrel.gov/news/press/2020/nrel-six-junction-solar-cell-sets-two-world-records-for-efficiency.html
https://www.nrel.gov/news/press/2020/nrel-six-junction-solar-cell-sets-two-world-records-for-efficiency.html
https://www.nrel.gov/news/press/2020/images/20200413-six-junction-solar-cell-sets-two-world-records-efficiency-59970.jpg
https://www.nrel.gov/news/press/2020/images/20200413-six-junction-solar-cell-sets-two-world-records-efficiency-59970.jpg
https://www.nrel.gov/pv/cell-efficiency.html
http://pvsol-online.valentin-software.com/#/
https://solargis.com/maps-and-gis-data/download/world
https://www.slideserve.com/basil-huffman/technology-rooftop-solar-thermal-collector-thermal-energy-storage
https://www.slideserve.com/basil-huffman/technology-rooftop-solar-thermal-collector-thermal-energy-storage


 

 

39 Solar Energy and its Applications-Need, Overview and Future Scope. 2017. 
Online. Researchgate.net. < https://www.researchgate.net/figure/Photovoltaic-
Electricity_fig7_325567967>. Accessed 26 April 2020. 

 

40 Aurinkoenergia, Aurinkoenergiaa voi hyödyntää sekä lämmöntuotantoon aurinko-
keräimillä, että sähköntuotantoon aurinkopaneeleilla.. 2019. Online. Lahiener-
gia.org. <https://www.lahienergia.org/lahienergia/aurinkoenergia/>. Accessed 26 
April 2020. 

 

41 Investointituet. 2019. Online. Motiva.fi. < https://www.motiva.fi/ratkaisut/energia-
katselmustoiminta/tem_n_tukemat_energiakatselmukset/katselmus-_ja_inves-
tointituet/investointituet#Tuetuusiutuvanenergianinvestointeihin2019tavanomai-
nenteknologia>. Accessed 27 April 2020. 

 

42 Energiatuki 2018-2022. Online. Tem.fi. <https://tem.fi/energiatuki>. Accessed 27 
April 2020. 

 

43 Energiatuki. 2020. Online. Businessfinland.fi. <https://www.businessfinland.fi/suo-
malaisille-asiakkaille/palvelut/rahoitus/energiatuki/>. Accessed 27 April 2020. 

 

44 S-Ryhmästä Suomen Suurin aurinkosähkön tuottaja. 2018. Online. S-ryhma.fi. 
<https://s-ryhma.fi/uutinen/s-ryhmasta-suomen-suurin-aurinkosahkon-
tuottaja/news-4451599_384136>. Accessed 28 April 2020. 

 

45 S-Ryhmä kattoi lähes kaiken sähköntarpeensa uusiutuvilla. 2020. Online. S-ry-
hma.fi. <https://s-ryhma.fi/uutinen/s-ryhma-kattoi-lahes-kaiken-sahkontarpeensa-
uusiut/C4uQkX609UKGyPXylg1kH>. Accessed 28 April 2020. 

 

46 Progression of renewables implementation. 2020. Online. S-ryhma.fi. < https://im-
ages.ctfsets.net/0yf82hjfqumz/7FVW1lZ1Hl6FpxTFSipmV5/bc1bdcf5c8072dec36
993be1441b80be/infographic.jpg?q=1&fm=webp>. Accessed 28 April 2020. 

 

47 Suomen suurin aurinkovoiman tuottaja: 50 212 aurinkopaneelia ja teho 14 mega-
wattia. 2020. Online. S-ryhma.fi. < https://s-ryhma.fi/uutinen/suomen-suurin-au-
rinkovoiman-tuottaja-50-212-aurink/2lPzLIZwl8xxIiRqZRaNsT>. Accessed 28 
April 2020. 

 

48 Finavian ilmasto-ohjelma. 2020. Online. Finavia.fi. <https://www.finavia.fi/fi/tietoa-
finaviasta/vastuullisuus/ilmasto-ohjelma>. Accessed 29 April 2020.  

 

https://www.researchgate.net/figure/Photovoltaic-Electricity_fig7_325567967
https://www.researchgate.net/figure/Photovoltaic-Electricity_fig7_325567967
https://www.lahienergia.org/lahienergia/aurinkoenergia/
https://www.motiva.fi/ratkaisut/energiakatselmustoiminta/tem_n_tukemat_energiakatselmukset/katselmus-_ja_investointituet/investointituet#Tuetuusiutuvanenergianinvestointeihin2019tavanomainenteknologia
https://www.motiva.fi/ratkaisut/energiakatselmustoiminta/tem_n_tukemat_energiakatselmukset/katselmus-_ja_investointituet/investointituet#Tuetuusiutuvanenergianinvestointeihin2019tavanomainenteknologia
https://www.motiva.fi/ratkaisut/energiakatselmustoiminta/tem_n_tukemat_energiakatselmukset/katselmus-_ja_investointituet/investointituet#Tuetuusiutuvanenergianinvestointeihin2019tavanomainenteknologia
https://www.motiva.fi/ratkaisut/energiakatselmustoiminta/tem_n_tukemat_energiakatselmukset/katselmus-_ja_investointituet/investointituet#Tuetuusiutuvanenergianinvestointeihin2019tavanomainenteknologia
https://tem.fi/energiatuki
https://www.businessfinland.fi/suomalaisille-asiakkaille/palvelut/rahoitus/energiatuki/
https://www.businessfinland.fi/suomalaisille-asiakkaille/palvelut/rahoitus/energiatuki/
https://s-ryhma.fi/uutinen/s-ryhmasta-suomen-suurin-aurinkosahkon-tuottaja/news-4451599_384136
https://s-ryhma.fi/uutinen/s-ryhmasta-suomen-suurin-aurinkosahkon-tuottaja/news-4451599_384136
https://s-ryhma.fi/uutinen/s-ryhma-kattoi-lahes-kaiken-sahkontarpeensa-uusiut/C4uQkX609UKGyPXylg1kH
https://s-ryhma.fi/uutinen/s-ryhma-kattoi-lahes-kaiken-sahkontarpeensa-uusiut/C4uQkX609UKGyPXylg1kH
https://images.ctfassets.net/0yf82hjfqumz/7FVW1lZ1Hl6FpxTFSipmV5/bc1bdcf5c8072dec36993be1441b80be/infographic.jpg?q=1&fm=webp
https://images.ctfassets.net/0yf82hjfqumz/7FVW1lZ1Hl6FpxTFSipmV5/bc1bdcf5c8072dec36993be1441b80be/infographic.jpg?q=1&fm=webp
https://images.ctfassets.net/0yf82hjfqumz/7FVW1lZ1Hl6FpxTFSipmV5/bc1bdcf5c8072dec36993be1441b80be/infographic.jpg?q=1&fm=webp
https://s-ryhma.fi/uutinen/suomen-suurin-aurinkovoiman-tuottaja-50-212-aurink/2lPzLIZwl8xxIiRqZRaNsT
https://s-ryhma.fi/uutinen/suomen-suurin-aurinkovoiman-tuottaja-50-212-aurink/2lPzLIZwl8xxIiRqZRaNsT
https://www.finavia.fi/fi/tietoa-finaviasta/vastuullisuus/ilmasto-ohjelma
https://www.finavia.fi/fi/tietoa-finaviasta/vastuullisuus/ilmasto-ohjelma


 

 

49 Helsinki-Vantaa International Airport Terminal 2. 2017. Online. Helsinkismart.fi. 
<https://helsinkismart.fi/wp-content/uploads/2020/09/Finavia-kuvat.jpg>. Access-
sed 29 April 2020. 

 

50 Finavia. Helsinki Airport’s solar power plant is now the largest airport-based solar 
power generation facility in the Nordics. 2019. Online. Finavia.fi.  < 
https://www.finavia.fi/en/newsroom/2019/helsinki-airports-solar-power-plant-now-
largest-airport-based-solar-power-generation>. Accessed 29 April 2020. 

 

51 Finavia’s solar power plant on the roof of Terminal 2. 2019. Online. Youtube.com. 
<https://youtu.be/OGcxsDglY7Q>. Accessed 29 April 2020. 

 

52 Finavian ilmasto-ohjelma. 2020. Online. Finavia.fi. <https://www.finavia.fi/fi/tietoa-
finaviasta/vastuullisuus/ilmasto-ohjelma>. Accessed 29 April 2020.  

 

53 Senaatti lisää roimasti aurinkosähkön tuotantoa – tosin lähtötaso on matala. 
2019. Online. Rakennuslehti.fi. <https://www.rakennuslehti.fi/2019/09/senaatti-
lisaa-roimasti-aurinkosahkon-tuotantoa-tosin-lahtotaso-on-matala/>. Accessed 29 
April 2020. 

 

54 Partanen, Olli. 2018. Aurinkoenergiaa tänään ja tulevaisuudessa, Aurinkoener-
giaseminaari 20.4. 2018. Online. Biobisnesta.fi. <http://biobisnesta.fi/wp-con-
tent/uploads/2018/04/Aurinkoenergia-t%C3%A4n%C3%A4%C3%A4n-ja-tulevai-
suudessa-Tampereen-S%C3%A4hk%C3%B6laitos.pdf>. Accessed 1 May 2020. 

55 Possibilities of Solar Thermal Energy/ Tampereen Sähkölaitos. Online.Biobis-
nesta.fi. <http://biobisnesta.fi/wp-content/uploads/2018/04/Aurinkoenergia-
t%C3%A4n%C3%A4%C3%A4n-ja-tulevaisuudessa-Tampereen-
S%C3%A4hk%C3%B6laitos.pdf>. Accessed 1 May 2020. 

 

56 Tilastointi. 2019. Online.Finsolar.net. <https://finsolar.net/aurinkoenergia/tilas-
tointi/>. Updated 13 August 2019. Accessed 30 April 2020. 

 

57 Mauthner, Franz & Weiss, Werner & Spörk-Dür, Monika. 2015. Solar Heat World-
wide, Market and Contribution to the Energy Supply 2013. E-book. Solar Heating 
& Cooling Programme, International Energy Agency. 

 

58 Solar Thermal production total capacity by 2010/ ESTTP. 2019. Online. Finso-
lar.net. < https://finsolar.net/wp-content/uploads/2015/04/image003.png >. Ac-
cessed 30 April 2020. 

 

https://helsinkismart.fi/wp-content/uploads/2020/09/Finavia-kuvat.jpg
https://helsinkismart.fi/solar-power-plant-at-helsinki-vantaa-airport/
https://www.finavia.fi/en/newsroom/2019/helsinki-airports-solar-power-plant-now-largest-airport-based-solar-power-generation
https://www.finavia.fi/en/newsroom/2019/helsinki-airports-solar-power-plant-now-largest-airport-based-solar-power-generation
https://youtu.be/OGcxsDglY7Q
https://www.finavia.fi/fi/tietoa-finaviasta/vastuullisuus/ilmasto-ohjelma
https://www.finavia.fi/fi/tietoa-finaviasta/vastuullisuus/ilmasto-ohjelma
https://www.rakennuslehti.fi/2019/09/senaatti-lisaa-roimasti-aurinkosahkon-tuotantoa-tosin-lahtotaso-on-matala/
https://www.rakennuslehti.fi/2019/09/senaatti-lisaa-roimasti-aurinkosahkon-tuotantoa-tosin-lahtotaso-on-matala/
http://biobisnesta.fi/wp-content/uploads/2018/04/Aurinkoenergia-t%C3%A4n%C3%A4%C3%A4n-ja-tulevaisuudessa-Tampereen-S%C3%A4hk%C3%B6laitos.pdf
http://biobisnesta.fi/wp-content/uploads/2018/04/Aurinkoenergia-t%C3%A4n%C3%A4%C3%A4n-ja-tulevaisuudessa-Tampereen-S%C3%A4hk%C3%B6laitos.pdf
http://biobisnesta.fi/wp-content/uploads/2018/04/Aurinkoenergia-t%C3%A4n%C3%A4%C3%A4n-ja-tulevaisuudessa-Tampereen-S%C3%A4hk%C3%B6laitos.pdf
http://biobisnesta.fi/wp-content/uploads/2018/04/Aurinkoenergia-t%C3%A4n%C3%A4%C3%A4n-ja-tulevaisuudessa-Tampereen-S%C3%A4hk%C3%B6laitos.pdf
http://biobisnesta.fi/wp-content/uploads/2018/04/Aurinkoenergia-t%C3%A4n%C3%A4%C3%A4n-ja-tulevaisuudessa-Tampereen-S%C3%A4hk%C3%B6laitos.pdf
http://biobisnesta.fi/wp-content/uploads/2018/04/Aurinkoenergia-t%C3%A4n%C3%A4%C3%A4n-ja-tulevaisuudessa-Tampereen-S%C3%A4hk%C3%B6laitos.pdf
https://finsolar.net/aurinkoenergia/tilastointi/
https://finsolar.net/aurinkoenergia/tilastointi/
https://finsolar.net/wp-content/uploads/2015/04/image003.png


 

 

59 Main components of a solar PV system. 2020. Online. Metropolia.fi. <https://moo-
dle.metropolia.fi/pluginfile.php/626337/mod_resource/content/1/PV%20sys-
tems%20.pdf >. Accessed 30 April 2020.  

 

60 Hybrid PV configuration. 2020. Online. Apollopowersystems.com. 
<https://www.apollopowersystems.com/solar-rooftop-system/hybrid-solar-sys-
tem/>. Accessed 30 April 2020. 

 

61 SMA Energy Systems brochure. 2020. Online. Sma.de. 
<https://www.sma.de/fileadmin/content/global/Energy-Systems-Home/docs/SMA-
Energy-Systems-brochure.pdf>. Accessed 30 April 2020. 

 

62 SMA Solar Technology AG, Energy that Changes. 2018. Online. Sma.de. 
<https://www.sma.de/en/company/about-sma.html>. Accessed 30 April 2020. 

 

63 Augmented energy system. 2020. Online. Fget4u.en. < https://image.made-in-
china.com/2f0j00AGBYOzFlwsby/10kw-Smart-Home-Energy-Saving-Grid-PV-So-
lar-System.webp >. Accessed 30 April 2020. 

 

64 Sunny Home Manager by SMA Solar Technology/ SMA, SMA Energy Systems 
brochure; p 11. 2020. Online. Sma.de. <https://www.sma.de/fileadmin/con-
tent/global/Energy-Systems-Home/docs/SMA-Energy-Systems-brochure.pdf>. 
Accessed 30 April 2020. 

 

65 Aurinkoenergia, Aurinkoenergiaa voi hyuödyntää sekä lämmöntuotantoon aurin-
kokeräimillä, että sähköntuotantoon aurinkoppaneeleilla.. 2019. Online. Lahiener-
gia.org. <https://www.lahienergia.org/lahienergia/aurinkoenergia/>. Accessed 26 
April 2020. 

 

66 Aurinkosähkön tuotanokapasiteetti lisääntyi 82% vuodessa. 2019. Online. 
<https://energiavirasto.fi/tiedote/-/asset_publisher/aurinkosahkon-tuotantokapa-
siteetti-lisaantyi-82-vuodessa> Accessed 30 April 2020. 

 

67 Aurinkosähkö yli 2,5-kertaistui viime vuonna Suomessa. 2018. Online. Emergia-
talous.fi. <https://www.energiatalous.fi/?p=2075>. Accessed 29 April 2020. 

 

68 Asiakkaan tarpeeseen optimoituja, älykkäitä aurinkovoimaloita. 2018. Online. 
Napssolar.com. <https://napssolar.com/fi>. Accessed 30 April 2020. 

 

https://moodle.metropolia.fi/pluginfile.php/626337/mod_resource/content/1/PV%20systems%20.pdf
https://moodle.metropolia.fi/pluginfile.php/626337/mod_resource/content/1/PV%20systems%20.pdf
https://moodle.metropolia.fi/pluginfile.php/626337/mod_resource/content/1/PV%20systems%20.pdf
https://www.apollopowersystems.com/solar-rooftop-system/hybrid-solar-system/
https://www.apollopowersystems.com/solar-rooftop-system/hybrid-solar-system/
https://www.sma.de/fileadmin/content/global/Energy-Systems-Home/docs/SMA-Energy-Systems-brochure.pdf
https://www.sma.de/fileadmin/content/global/Energy-Systems-Home/docs/SMA-Energy-Systems-brochure.pdf
https://www.sma.de/en/company/about-sma.html
https://image.made-in-china.com/2f0j00AGBYOzFlwsby/10kw-Smart-Home-Energy-Saving-Grid-PV-Solar-System.webp
https://image.made-in-china.com/2f0j00AGBYOzFlwsby/10kw-Smart-Home-Energy-Saving-Grid-PV-Solar-System.webp
https://image.made-in-china.com/2f0j00AGBYOzFlwsby/10kw-Smart-Home-Energy-Saving-Grid-PV-Solar-System.webp
https://www.sma.de/fileadmin/content/global/Energy-Systems-Home/docs/SMA-Energy-Systems-brochure.pdf
https://www.sma.de/fileadmin/content/global/Energy-Systems-Home/docs/SMA-Energy-Systems-brochure.pdf
https://www.lahienergia.org/lahienergia/aurinkoenergia/
https://energiavirasto.fi/tiedote/-/asset_publisher/aurinkosahkon-tuotantokapasiteetti-lisaantyi-82-vuodessa
https://energiavirasto.fi/tiedote/-/asset_publisher/aurinkosahkon-tuotantokapasiteetti-lisaantyi-82-vuodessa
https://www.energiatalous.fi/?p=2075
https://napssolar.com/fi


 

 

69 History of Naps. 2018. Online. Napssolar.com. < https://napssolar.com/en/his-
tory-naps>. Accessed 30 April 2020. 

 

70 Naps Systems literature. Online. Google.com. <https://suunnittelurasia.fi//fi#port-
folio >. Re-Accessed and the link updated 1 May 2020.a 

 

71 Naps today. 2018. Online. Napssolar.com. <https://napssolar.com/fi>. Accessed 
30 April 2020. 

 

72 Aurinkoenergian sunnannäyttäjä. 2018. Online. Savosolar.com. <https://savoso-
lar.com/fi/yritys/yritys/>. Accessed 29 April 2020. 

 

73 Jelling Varmeværk, Denmark. 2018. Online. Savosolar.com. <https://savoso-
lar.com/case/jelling/>. Accessed 29 April 2020. 

 

74 Savosolar on allerkirjoittanut lopullisen sopimuksen Grenaa VAmevaekin kanssa. 
2018. Online. Savosolar.com. <https://savosolar.com/fi/savosolar-on-allekirjoitta-
nut-lopullisen-sopimuksen-grenaa-varmevaerkin-kanssa/>. Accessed 29 April 
2020. 

 

75 Savosolar’s largest solar thermal system for Grenaa Varmevaaerk in full opera-
tional use. 2019. Online. Savosolar.com. <https://savosolar.com/savosolars-larg-
est-solar-thermal-system-for-grenaa-varmevaerk-in-full-operational-use/>. Ac-
cessed 30 April 2020. 

 

76 Savosolar delivers to Kyotherm Solar France’s largest solar heating system. 
2019. Online. Savosolar.com. <https://savosolar.com/savosolar-delivers-to-
kyotherm-solar-frances-largest-solar-heating-system/>. Accessed 30 April 2020. 

 

77 Kyotherm ─ Savosolar’s most lucrative contract so far. Online. Savosolar.com. 
<https://savosolar.com/case/kyothermsolar-france/>. Accessed 30 April 2020. 

 

78 Savosolar Savosolar Oyj:n tilinpäätöstiedote 2019: tilauskanta kehittyi vahvasti, 
toimitusten viivästyminen supisti liikevaihtoa. 2020. Online. Globenewswire.com 
<http://www.globenewswire.com/news-release/2020/03/09/1996862/0/fi/Savoso-
lar-Oyj-n-tilinp%C3%A4%C3%A4t%C3%B6stiedote-2019-tilauskanta-kehittyi-
vahvasti-toimitusten-viiv%C3%A4styminen-supisti-liikevaihtoa.html>. Accessed 
30 April 2020. 

 

https://napssolar.com/en/history-naps
https://napssolar.com/en/history-naps
https://suunnittelurasia.fi/fi#portfolio
https://suunnittelurasia.fi/fi#portfolio
https://napssolar.com/fi
https://savosolar.com/fi/yritys/yritys/
https://savosolar.com/fi/yritys/yritys/
https://savosolar.com/case/jelling/
https://savosolar.com/case/jelling/
https://savosolar.com/fi/savosolar-on-allekirjoittanut-lopullisen-sopimuksen-grenaa-varmevaerkin-kanssa/
https://savosolar.com/fi/savosolar-on-allekirjoittanut-lopullisen-sopimuksen-grenaa-varmevaerkin-kanssa/
https://savosolar.com/savosolars-largest-solar-thermal-system-for-grenaa-varmevaerk-in-full-operational-use/
https://savosolar.com/savosolars-largest-solar-thermal-system-for-grenaa-varmevaerk-in-full-operational-use/
https://savosolar.com/savosolar-delivers-to-kyotherm-solar-frances-largest-solar-heating-system/
https://savosolar.com/savosolar-delivers-to-kyotherm-solar-frances-largest-solar-heating-system/
https://savosolar.com/case/kyothermsolar-france/
http://www.globenewswire.com/news-release/2020/03/09/1996862/0/fi/Savosolar-Oyj-n-tilinp%C3%A4%C3%A4t%C3%B6stiedote-2019-tilauskanta-kehittyi-vahvasti-toimitusten-viiv%C3%A4styminen-supisti-liikevaihtoa.html
http://www.globenewswire.com/news-release/2020/03/09/1996862/0/fi/Savosolar-Oyj-n-tilinp%C3%A4%C3%A4t%C3%B6stiedote-2019-tilauskanta-kehittyi-vahvasti-toimitusten-viiv%C3%A4styminen-supisti-liikevaihtoa.html
http://www.globenewswire.com/news-release/2020/03/09/1996862/0/fi/Savosolar-Oyj-n-tilinp%C3%A4%C3%A4t%C3%B6stiedote-2019-tilauskanta-kehittyi-vahvasti-toimitusten-viiv%C3%A4styminen-supisti-liikevaihtoa.html


 

 

79 Solarvoima ꟷ aurinkopaneelien laadukkaat asennukset. 2017. Online. 
<https://solarvoima.fi/?gclid=Cj0KCQjwka_1BRCPARIsAMlU-
mEpprMxxUN_JZ4YF-rhZH_1pUmssYg0hFl-O7QjFZPUFBhBIGtL6XqIaA-
uiIEALw_wcB>. Accessed 30 April 2020. 

80 Janne Käpylehto. Aurinkosähköä kerrostaloon?. 2016. Online. Youtube.com. 
<https://www.sahkoala.fi/koti/aurinkoenergia_ja_tuulivoima/fi_FI/aurink-
osahkoa_kerrostaloon/>. Accessed 30 April 2020. 

81 Oma aurinkovoimala pienentää sähkölaskua, mutta vain jos asut omakotitalossa 
– rivi – ja kerrostalossa lainsäädäntö haittaa käyttöönottoa. 2018. Online. 
<https://yle.fi/uutiset/3-10374075>. Accessed 30 April 2020. 

 

82 Auvinen K, Honkapuro S, Ruggiero S, Juntunen J. Aurinkosähköä taloyhtiöiden 
asukkaille; Mittaushaasteista kohti digitaalisia energiayhteisöpalveluita. Helsinki, 
Unigrafia Oy. 2020. p. 3. 

 

83 Finnish power meters/ Petri Aaltonen, Yle. 2018. Online. < https://ima-
ges.cdn.yle.fi/image/upload//w_1198,h_674,f_auto,fl_lossy,q_auto:eco/13-3-
10378074.jpg >. Accessed 30 April 2020. 

 

84 Solarvoima sähköisti Jääkarusellifestivaalin. 2018. Online. Solarvoima.fi.   
<https://solarvoima.fi/jaakarusellifestivaalilla-20000-kavijaa/>. Accessed 30 April 
2020. 

 

85 A Finnish man made an ice carousel on a frozen lake using a chainsaw. 2017. 
Online. Businessinsider.com. <https://www.businessinsider.com/finland-janne-
kapylehto-ice-carousel-frozen-lake-chainsaw-solar-powered-outboard-motor-
2017-1?r=UK&IR=T&IR=T>. Accessed 30 April 2020. 

 

86 A former NASA engineer is sailing from Finlad to Estonia in a solar-powered 
sauna. 2018. Online. Businessinsider.com. <https://www.busi-
nessinsider.com/former-nasa-engineer-made-a-sauna-boat-to-sail-from-finland-
to-estonia-2018-8?r=US&IR=T>. Accessed 2 May 2020. 

 

87 Inventor Janne Kapylehto takes sauna on 50-mile raft trip from Helsinki to Tallinn. 
2018. Online. Thetimes.co. <https://www.thetimes.co.uk/article/inventor-janne-
kapylehto-takes-sauna-on-50-mile-raft-trip-from-helsinki-to-tallinn-g3dnbjch9>. 
Accessed 2 May 2020. 

 

88 Oddly Sailing Sauna. 2018. Online. Nytimes.com. <https://www.nytimes.com/reu-
ters/2018/08/21/world/europe/21reuters-estonia-oddly-sailing-sauna.html>- Ac-
cessed 30 April 2020. 

https://solarvoima.fi/?gclid=Cj0KCQjwka_1BRCPARIsAMlUmEpprMxxUN_JZ4YF-rhZH_1pUmssYg0hFl-O7QjFZPUFBhBIGtL6XqIaAuiIEALw_wcB
https://solarvoima.fi/?gclid=Cj0KCQjwka_1BRCPARIsAMlUmEpprMxxUN_JZ4YF-rhZH_1pUmssYg0hFl-O7QjFZPUFBhBIGtL6XqIaAuiIEALw_wcB
https://solarvoima.fi/?gclid=Cj0KCQjwka_1BRCPARIsAMlUmEpprMxxUN_JZ4YF-rhZH_1pUmssYg0hFl-O7QjFZPUFBhBIGtL6XqIaAuiIEALw_wcB
https://www.sahkoala.fi/koti/aurinkoenergia_ja_tuulivoima/fi_FI/aurinkosahkoa_kerrostaloon/
https://www.sahkoala.fi/koti/aurinkoenergia_ja_tuulivoima/fi_FI/aurinkosahkoa_kerrostaloon/
https://yle.fi/uutiset/3-10374075
https://aaltodoc.aalto.fi/bitstream/handle/123456789/43236/isbn9789526089881.pdf?sequence=1&isAllowed=y
https://aaltodoc.aalto.fi/bitstream/handle/123456789/43236/isbn9789526089881.pdf?sequence=1&isAllowed=y
https://images.cdn.yle.fi/image/upload/w_1198,h_674,f_auto,fl_lossy,q_auto:eco/13-3-10378074.jpg
https://images.cdn.yle.fi/image/upload/w_1198,h_674,f_auto,fl_lossy,q_auto:eco/13-3-10378074.jpg
https://images.cdn.yle.fi/image/upload/w_1198,h_674,f_auto,fl_lossy,q_auto:eco/13-3-10378074.jpg
https://solarvoima.fi/jaakarusellifestivaalilla-20000-kavijaa/
https://www.businessinsider.com/finland-janne-kapylehto-ice-carousel-frozen-lake-chainsaw-solar-powered-outboard-motor-2017-1?r=UK&IR=T&IR=T
https://www.businessinsider.com/finland-janne-kapylehto-ice-carousel-frozen-lake-chainsaw-solar-powered-outboard-motor-2017-1?r=UK&IR=T&IR=T
https://www.businessinsider.com/finland-janne-kapylehto-ice-carousel-frozen-lake-chainsaw-solar-powered-outboard-motor-2017-1?r=UK&IR=T&IR=T
https://www.businessinsider.com/former-nasa-engineer-made-a-sauna-boat-to-sail-from-finland-to-estonia-2018-8?r=US&IR=T
https://www.businessinsider.com/former-nasa-engineer-made-a-sauna-boat-to-sail-from-finland-to-estonia-2018-8?r=US&IR=T
https://www.businessinsider.com/former-nasa-engineer-made-a-sauna-boat-to-sail-from-finland-to-estonia-2018-8?r=US&IR=T
https://www.thetimes.co.uk/article/inventor-janne-kapylehto-takes-sauna-on-50-mile-raft-trip-from-helsinki-to-tallinn-g3dnbjch9
https://www.thetimes.co.uk/article/inventor-janne-kapylehto-takes-sauna-on-50-mile-raft-trip-from-helsinki-to-tallinn-g3dnbjch9
https://www.nytimes.com/reuters/2018/08/21/world/europe/21reuters-estonia-oddly-sailing-sauna.html
https://www.nytimes.com/reuters/2018/08/21/world/europe/21reuters-estonia-oddly-sailing-sauna.html


 

 

 

89 Floating sauna sails from Helsinki to Tallin. 2018. Online. Reuters.com. 
<https://www.reuters.com/article/us-estonia-oddly-sailing-sauna/floating-sauna-
sails-from-helsinki-to-tallinn-idUSKCN1L614A>. Accessed 30 April 2020. 

 

90 A former NASA engineer is sailing from Finlad to Estonia in a solar-powered 
sauna. 2018. Online. Businessinsider.com. <https://www.busi-
nessinsider.com/former-nasa-engineer-made-a-sauna-boat-to-sail-from-finland-
to-estonia-2018-8?r=US&IR=T>. Accessed 2 May 2020. 

 

91 Picture of the sauna by Janne Käpylehto. Online. 2018. Jannekapylehto.fi. 
<http://jannekapylehto.fi/>. Accessed 30 April 2020. 

 

92 Saunalla Tallinnaan. Online. 2018. Jannekapylehto.fi. <http://jannekapylehto.fi/>. 
Accessed 30 April 2020. 

 

93 Building Integrated Photovoltaics (BIVP). 2016. Online. Energypedia.info. 
<https://www.wbdg.org/resources/building-integrated-photovoltaics-bipv>. Ac-
cessed 2 May 2020. 

 

94 BIVPs at work. Online. Energypedia.info. < https://energypedia.info/im-
ages/f/f1/BIPV.jpg >. Accessed 2 May 2020. 

 

95 Tabula rasa. 2020. Online. Wikipedia.org.  < https://en.wikipedia.org/wiki/Ta-
bula_rasa >. Accessed 2 May 2020. 

 

96 PVPS, Trends in Photovoltaic Applications 2019. 2019. Online. Iea-pvps.org.  
<https://iea-pvps.org/wp-content/uploads/2020/02/5319-iea-pvps-report-2019-08-
lr.pdf>. Accessed 2 May 2020. 

 

97 The cumulative PV capacity worldwide by 2018/ IEA, pp.11. Online. Iea-pvps.org.  
<https://iea-pvps.org/wp-content/uploads/2020/02/5319-iea-pvps-report-2019-08-
lr.pdf>. Accessed 2 May 2020. 

 

98 Aurinkolämpöjärjestelmien hintatasot ja kannattavuus. 2016. Online. Finsolar.net. 
<https://finsolar.net/kannattavuus/aurinkolampojarjestelmien-hintatasot-ja-kan-
nattavuus-suomessa/>. Accessed 30 April 2020. 

 

https://www.reuters.com/article/us-estonia-oddly-sailing-sauna/floating-sauna-sails-from-helsinki-to-tallinn-idUSKCN1L614A
https://www.reuters.com/article/us-estonia-oddly-sailing-sauna/floating-sauna-sails-from-helsinki-to-tallinn-idUSKCN1L614A
https://www.businessinsider.com/former-nasa-engineer-made-a-sauna-boat-to-sail-from-finland-to-estonia-2018-8?r=US&IR=T
https://www.businessinsider.com/former-nasa-engineer-made-a-sauna-boat-to-sail-from-finland-to-estonia-2018-8?r=US&IR=T
https://www.businessinsider.com/former-nasa-engineer-made-a-sauna-boat-to-sail-from-finland-to-estonia-2018-8?r=US&IR=T
http://jannekapylehto.fi/
http://jannekapylehto.fi/
https://www.wbdg.org/resources/building-integrated-photovoltaics-bipv
https://energypedia.info/images/f/f1/BIPV.jpg
https://energypedia.info/images/f/f1/BIPV.jpg
https://en.wikipedia.org/wiki/Tabula_rasa
https://en.wikipedia.org/wiki/Tabula_rasa
https://iea-pvps.org/wp-content/uploads/2020/02/5319-iea-pvps-report-2019-08-lr.pdf
https://iea-pvps.org/wp-content/uploads/2020/02/5319-iea-pvps-report-2019-08-lr.pdf
https://iea-pvps.org/wp-content/uploads/2020/02/5319-iea-pvps-report-2019-08-lr.pdf
https://iea-pvps.org/wp-content/uploads/2020/02/5319-iea-pvps-report-2019-08-lr.pdf
https://finsolar.net/kannattavuus/aurinkolampojarjestelmien-hintatasot-ja-kannattavuus-suomessa/
https://finsolar.net/kannattavuus/aurinkolampojarjestelmien-hintatasot-ja-kannattavuus-suomessa/


 

 

99 Green energy could drive Covid-19 recovery with $100tn boost. 2020. Online. 
Theguardian.com <https://www.theguardian.com/environ-
ment/2020/apr/20/green-energy-could-drive-covid-19-recovery-international-re-
newable-energy-agency>. Accessed 2 May 2020. 

 

100 Climate emergency: global action is ‘way off track’ says UN head. 2020. Online. 
Theguardian.com < https://www.theguardian.com/environment/2020/mar/10/cli-
mate-emergency-global-action-way-off-track-says-un-head-coronavirus>. Ac-
cessed 2 May 2020. 

 

101 Awarding contracts to lowest bidder is not always the best. 2019. Online. Stand-
ardmedia.com . <https://www.standardmedia.co.ke/article/2001342734/awarding-
contracts-to-lowest-bidder-is-not-always-the-best>. Accessed 2 May 2020. 

 

102 Pollution made COVID-19 worse, Now, lockdowns are clearing the air. 2020. 
Online. Nationalgeographic.com. < https://www.nationalgeographic.com/sci-
ence/2020/04/pollution-made-the-pandemic-worse-but-lockdowns-clean-the-
sky/>. Accessed 2 May 2020. 

103 Carbon emissions are falling sharply due to coronavirus, But not for long. 2020. 
Online. Nationalgeographic.com. <https://www.nationalgeographic.com/sci-
ence/2020/04/coronavirus-causing-carbon-emissions-to-fall-but-not-for-long/>. 
Accessed 2 May 2020. 

104 New Satellite Video Shows China Pollution Vanishing During COVID-19 Lock-
down ꟷ Then Coming Back. 2020. Online. Forbes.com. 
<https://www.forbes.com/sites/jeffmcmahon/2020/03/22/video-watch-from-space-
as-air-pollution-vanishes-over-china-during-coronavirus-lockdown-then-re-
turns/#c3b0a7835f01>. Accessed 2 May 2020. 

https://www.theguardian.com/environment/2020/apr/20/green-energy-could-drive-covid-19-recovery-international-renewable-energy-agency
https://www.theguardian.com/environment/2020/apr/20/green-energy-could-drive-covid-19-recovery-international-renewable-energy-agency
https://www.theguardian.com/environment/2020/apr/20/green-energy-could-drive-covid-19-recovery-international-renewable-energy-agency
https://www.theguardian.com/environment/2020/mar/10/climate-emergency-global-action-way-off-track-says-un-head-coronavirus
https://www.theguardian.com/environment/2020/mar/10/climate-emergency-global-action-way-off-track-says-un-head-coronavirus
https://www.standardmedia.co.ke/article/2001342734/awarding-contracts-to-lowest-bidder-is-not-always-the-best
https://www.standardmedia.co.ke/article/2001342734/awarding-contracts-to-lowest-bidder-is-not-always-the-best
https://www.nationalgeographic.com/science/2020/04/pollution-made-the-pandemic-worse-but-lockdowns-clean-the-sky/
https://www.nationalgeographic.com/science/2020/04/pollution-made-the-pandemic-worse-but-lockdowns-clean-the-sky/
https://www.nationalgeographic.com/science/2020/04/pollution-made-the-pandemic-worse-but-lockdowns-clean-the-sky/
https://www.nationalgeographic.com/science/2020/04/coronavirus-causing-carbon-emissions-to-fall-but-not-for-long/
https://www.nationalgeographic.com/science/2020/04/coronavirus-causing-carbon-emissions-to-fall-but-not-for-long/
https://www.forbes.com/sites/jeffmcmahon/2020/03/22/video-watch-from-space-as-air-pollution-vanishes-over-china-during-coronavirus-lockdown-then-returns/#c3b0a7835f01
https://www.forbes.com/sites/jeffmcmahon/2020/03/22/video-watch-from-space-as-air-pollution-vanishes-over-china-during-coronavirus-lockdown-then-returns/#c3b0a7835f01
https://www.forbes.com/sites/jeffmcmahon/2020/03/22/video-watch-from-space-as-air-pollution-vanishes-over-china-during-coronavirus-lockdown-then-returns/#c3b0a7835f01


Appendix 1 

  1 (1) 

 

 

Best Research-Cell Efficiencies, NREL, USA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 2 

  1 (2) 

 

 

D3, The Finnish Building Code Collection of 2012, Ministry of Environment.  

 



Appendix 2 

  2 (2) 

 

 

 



Appendix 3 

  1 (1) 

 

 

Solar Energy Trends in Finland: Solar Thermal 2000 – 2016, Euro Observer. 

http://observer.cartajour-online.com/Interface_Standard/cart@jour.phtml?NOM_PROJET=barosig&NOM_USER=&Langue=Langue2&Login=OK&Pass=OK


Appendix 4 

  1 (1) 

 

 

Solar Energy Trends in Finland: Photovoltaics 2000 – 2016, Euro Observer.

http://observer.cartajour-online.com/Interface_Standard/cart@jour.phtml?NOM_PROJET=barosig&NOM_USER=&Langue=Langue2&Login=OK&Pass=OK


Appendix 5 

  1 (1) 

 

 

Questionnaire for Bachelor’s Thesis Interviews. 



Appendix 6 

  1 (1) 

 

 

The Rapid-Fire Poll: Section 7 of the interviews 



Appendix 7 

  1 (1) 

 

 

The Interview Results: The sheet of analysis. 

 

 

Participant Q1 Q2 Q3 Q4 Q5

Expert 1 (JN) 5 8 7 10 5

Expert 2 (TT) 10 10 8 7 10

Expert 3 (JK) 10 10 10 10 10

Expert 4 HH 9 9 10 10 10

Expert 5 (RK) 7 10 10 10 5

Expert 6 (PL) 10 10 10 10 10

Average 8.50 9.50 9.17 9.50 8.33

Individual 1 (ET) 6 5 9 10 8

Individual 2 (PS) 6 10 10 7 10

Individual 3 (HP) 5 8 8 7 6

Individual 4 (JPJ) 6 8 10 8 8

Individual 5 (VS) 6 9 7 9 6

Individual 6 (LK) 7 8 8 10 10

Individual 7 (LB) 9 10 8 10 9

Individual 8 (MP) 6 7 8 9 8

Average 6.38 8.13 8.50 8.75 8.13

 

 

 

  


