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Abstract 

With new legislation being passed within the EU to help reach the 2050 emissions goals, new innovative methods are 

being researched and implemented in different countries and regions.  To obtain the goals outlined in Finland, various 

renewable energy technologies are being implemented throughout the country.  This thesis was completed within the 

FREED project, whose goal is to make these innovative energy solutions accessible to more regions.  One specific 

technology used in this project and expected to increase in the future is solar photovoltaics (PV). 

 

This work focuses on the Triangel retreat, a hotel complex planned for the shore of Hämeenjärvi lake just north of 

Oulu, Finland in Haukipudas.  The retreat aims for the concept of a “silence” retreat where guests can relax in nature 

while enjoying the typical amenities of a normal hotel complex.  To fit this model while also helping reach the 2050 

emissions goal, unobtrusive renewable energy sources are planned for use.  The most attractive option is the use of 

solar PV tiles in combination with an efficient renewable technology such as ground source heat pumps.  This 

combination of technologies was considered, and several different sizing scenarios were created. 

 

To create different scenarios, an energy consumption profile was estimated for each month based on a reference 

hotel.  A solar PV estimation was completed using Skelion software, for four different scenarios, sized at 84 kW, 181 

kW, 198 kW, and 295 kW.  The 84-kW array consisted of solar tiles and was expected to have a self-consumption 

rate of 95%.  The 181-kW array consisted of solar tiles and was expected to have a self-consumption rate of 73%. 

The 198-kW array consisted of a combination of solar tiles and solar panels and was expected to have a self-

consumption rate of 66%.  The 295-kW array consisted of a combination of solar tiles and solar panels and was 

expected to have a self-consumption rate of 50%.  These estimations were used to determine the profitability of each 

scenario.   

 

When the shortest payback was the goal, the analysis indicated that the smallest array of 84 kW was the best option 

with a payback time of 22 years.  Based on the analysis this was the most attractive method but also covered the least 

amount of the hotel’s energy consumption, leaving room for alternate considerations.  All the scenarios prove that the 

use of the more expensive solar tiles is feasible at the Triangel resort.  With the analysis of the four scenarios, the 

resort owner can make an informed decision on the energy generation of the resort. 

 

 

Additional Information 
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Tiivistelmä 

EU:n tavoite hiilineutraalista yhteiskunnasta vuoden 2050 mennessä vaatii uusia innovatiivisia menetelmiä 

uusiutuvan energian tuotannon ja energiatehokkuuden edistämiseen. Rakennukset ovat yksi suurimpia energian ja 

sähkön käyttäjiä ja tämä myös tarkoittaa, että on myös suuret mahdollisuudet vähentää rakennusten energiakulutusta. 

Tämä lisäksi, palvelusektorissa tavoite on lisätä rakennusten uusiutuvan energian tuotantoa 12 prosentilla vuosina 

2015-2020.  

 

Triangel retriitti on hotellikompleksi, jonka on suunniteltu Hämeenjärven rannalle Oulun pohjoispuolella. Hotelli 

käyttää "Hiljaisuuden retriitti" konseptin, jonka tarkoituksen on tarjota vieraille rentouttavaa ympäristöä luonnossa, 

mutta samalla samat mukavuudet kun tyypilliset hotellit. Hotelli haluaa myös tuottaa omaa uusiutuvaa energiaa, 

jonka kuitenkin pitää palvella retriitin muita tarkoituksia. Tähän tarkoitukseen parhaaksi vaihtoehdoksi katsottiin 

aurinkopaneelit ja maalämpöpumput. Tämän työn tarkoituksena oli laskea aurinkosähkön tuotantopotentiaalin 

käyttäen hotellin katolle asetetut aurinkotiilet. Aurinkotiilet tuottavat hieman vähemmän sähköä kun perinteiset 

aurinkopaneelit, mutta niitä on valittu esteettisistä syistä. Työ on toteutettu osana FREED-projektia, jonka rahoitti 

Pohjoinen periferia ja Arktis ohjelma. 

 

Arinkosähköjärjestelmistä tehtiin neljä eri skenaariota. Skenaarioiden luomiseksi arvioitiin hotellin 

energiankulutusprofiili, referenssihotellin perusteella. Tätä kulutusprofiilia käytettiin kunkin skenaarion 

kannattavuuden määrittämiseen. Skenaarioissa huomioidut kokot olivat 84 kW, 181 kW, 198 kW ja 295 kW. Jos 

tavoitteena on lyhyt takaisinmaksuaika, pienin 84 kW:n sarja olisi paras vaihtoehto, jonka takaisinmaksuaika oli 22 

vuotta. Tämä koko on kuitenkin hieman alimitoitettu ja kattoi vähiten hotellin energiankulutuksen. Kaikki muut 

skenaariot ovat ylimitoitettu, skenaariot 2 ja 3 hieman ja 4 runsaasti. Tämä tarkoittaa, että kesän aikana sähköä 

tuotettaisiin enemmän kun millä olisi käyttöä. Jos on sähkön ylituotantoa, siitä voi myydä verkkoon. Paneelien 

ylimitoitus nykyisillä rahoitusmallissa ei kuitenkaan kannattaa, koska sähköstä saatu hinta on liian alhainen. Suurien 

asennusten investointikulut ovat myös liian korkeat ja takaisinmaksuaika on jopa yli 30 vuotta (skenaariot 2 ja 4). 

Skenaario 3 on ehkä kannattavin (takaisinmaksuaika 23 vuotta), mutta tässä tapauksessa käytetään myös perinteiset 

paneelit, joka ei ehkä ole esteettisistä syistä hyväksyttävä. Kaikki skenaariot osoittavat, että kalliimpien aurinkotiilien 

käyttö on mahdollista Triangel-lomakeskuksessa. Neljän skenaarion analyysin perusteella hotellin omistaja voi tehdä 

päätöstä minkä suuruisen investoinnin hän on valmis tekemään. 

Muita tietoja 

Muita tietoja: Voidaan jättää täyttämättä ellei ole mitään erityistä mainittavaa. 
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1 INTRODUCTION 

1.1 Background 

Final energy consumption in the European Union (EU) has decreased slowly since its 

peak in 2006 (Eurostat, 2017a).  These decreases were spread across several different 

energy sources with a 16.7% decrease in petroleum products, a 14.1% decrease in gas, 

an 11.2% decrease in derived heat, and finally a 3.3% decrease in electricity (Eurostat, 

2017a).  In this time period, energy production via renewables experienced a 71% 

increase, showing that total energy consumption is both decreasing and becoming more 

environmentally friendly (Eurostat, 2017a).  These trends of increased renewables and 

decreased final energy consumption are expected to continue until 2020 and onward.  

The EU-28 set many 2020 goals to decrease CO2 emissions.  Some key goals among 

them are increasing the share of renewable energy sources in final energy consumption 

to 20% (currently at 17%), and reducing greenhouse gas emissions by at least 20% 

compared to the 1990 levels (European Commission, 2010; European Commission, 

2017).  According to progress reports published every two years, most EU countries are 

on track to reach their 2020 goals for renewable energy.  This trend of lower energy 

consumption and higher use of renewables should continue to increase as the EU 

attempts to reach the new 2030 goals, and then eventually the 2050 GHG emission 

goals. 

Each country within the EU-28 has their own specific plans to help reach their 

personalized renewable targets.  Each plan has a breakdown of different sectors and 

specific steps that can be taken to help meet those targets.  For example, in the building 

sector, Finland plans to increase the share of renewable energy between 2015-2020 by 

10% in residential buildings and by 12% in the services sector.  In the national action 

plan, there are targets to meet every year, so it is easy to tell if everything is on track.  

With these increases in renewable energy in the buildings sector, it is clear that there is 

a continuous need for more sources of renewable energy generation. (Finland Ministry 

of Employment and the Economy; Energy Department, 2010) 

While entire countries have their specific needs and plans for meeting the EU goals, the 

methods and needs of different regions can vary greatly.  For example, methods in 



11 

northern climate areas will be much different from methods used in southern, warmer 

climates.  Considering this, the energy innovation needs in Northern Finland are unique 

to colder climates.  One major area in need of innovation is heating.  Northern Finland 

constantly seeks new and improved district heating systems as well as heat storage.  

Additionally, as northern climates are typically more sparsely populated, there is an 

increasing need for decentralized electricity production and storage.  With a need for a 

more decentralized energy systems, solar PV and efficient local heat production are 

perfect candidates to fill those innovation needs. 

To fulfill the specific needs for a northern climate, several pilot projects were started 

under the FREED project.  The pilot project this thesis was completed for is a hotel 

resort being built in Haukipudas, Finland called the Triangel retreat.  The idea of the 

resort is to meet the innovative energy needs for a northern climate while maintaining a 

peaceful and non-intrusive environment.  The resort must take into consideration three 

different aspects that are traditionally difficult to combine without interfering with one 

another.  It must have all the typical amenities a normal hotel would offer, while using 

sustainable technologies to have a green image all while maintaining a complete sensory 

experience.  This concept is considered a silence retreat, whose contributing factors can 

be seen below in Figure 1.  

 

Figure 1.  The Triangel Hotel silence retreat concept. 
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To meet the three restrictions in Figure 1, solar PV tiles will be used for the roofs of the 

buildings as they replace the typical roofing causing them to blend in well.  A ground 

source heat pump is also being considered as a sustainable technology to provide heat 

and not detract from the sensory experience.  Together those two technologies can 

provide visitors of the hotel with all the required amenities while limiting pollution and 

limiting sensory interference. 

1.2 The FREED project 

This master’s thesis was done as a part of the FREED project.  The FREED (Funding 

Resources for innovation in Energy Enterprise Development) is a three-year project 

funded under Interreg’s NPA (Northern Periphery and Arctic) Programme.  The project 

is led by the University of Oulu in Finland and is in collaboration with various 

institutions from Scotland, Northern Ireland, The United Kingdom, Germany, and 

Ireland.  The specific partners and the NPA region can be seen below in Figure 2. 

 

Figure 2.  The NPA programme regions and the FREED project partners. 
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The FREED project aims to provide small and medium enterprises (SME’s) in the NPA 

areas who have limited resources and access with a support network to help introduce 

and develop energy innovations.  When analyzing a new area there are several steps 

associated with it.  Firstly, a needs analysis is done on the area to determine which 

innovations are applicable in the area.  Once the analysis is complete, FREED finds 

potential R&D partners for the local SME’s and then ultimately helps develop some sort 

of business plan with help in finding private investment funds.  FREED will also aid in 

governmental dealings such as the tender process and potential financing services.  With 

their extensive knowledge and connections within these regions, the FREED project can 

largely help these SME’s looking for innovations. 

1.3 Objective 

The objective of this thesis is to provide the FREED project with information about the 

current energy demands and innovation needs for the services sector in the Oulu region.  

The research will consider different energy sources and assess their feasibility.  The 

research questions to be answered are as follows: 

1. What is a silence retreat and sustainable tourism and what are their energy 

aspects? 

2. What are the innovative needs of the service sector in the Oulu region? 

3. Are photovoltaic tiles a viable option for sustainable energy production in the 

Triangel hotel resort? 

Chapter two will review the EU and local energy policies which shape the need for the 

project.  Chapter three discusses energy use in buildings in general as well as where that 

energy comes from.  Chapter four will discuss the energy use specifically in hotels and 

other types of accommodation.  Chapter five reviews the general definition of 

innovation as well as some innovations seen in the solar PV field throughout history. 

Chapter six reviews solar energy in general and in Finland, as well as a comparison 

between traditional photovoltaics (PV) and building integrated photovoltaics (BIPV). 

The experimental section begins with chapter seven, which is an overall review of the 

hotel resort, ranging from buildings size and location to their estimated energy use.  The 
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section also reviews economic factors such as typical costs for PV systems and the trend 

in electricity prices in Finland.  With the background information provided in chapter 

seven, the different scenarios provided for the client are outlined in chapter eight.  The 

different scenarios review different sizing options for the solar PV array being used on 

the Triangel retreat.  These results are then all summarized in the following chapters 

nine and ten. 



15 

THEORETICAL SECTION 
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2 ENERGY POLICIES 

2.1 EU wide policies 

Most energy and emissions policies within the EU are driven by the European 

Commission’s 2050 low-carbon economy.  The EU has established a roadmap whose 

final goal is to cut the 1990 greenhouse gas emissions by 80% in 2050.  Along the way, 

there are linear milestones that must be achieved, such as a 40% reduction in 2030 and a 

60% reduction in 2040.  The reduction must come from all sectors, but the largest 

potential is in the power sector.  The power sector has the potential to use renewable 

sources such as wind, solar, and hydropower in tandem with fossil fuels equipped with 

carbon capture and storage.  To ensure the success of the 2050 low-carbon economy 

several different policies and directives were passed since the goal was established. 

(European Commission, 2018) 

The Energy Efficiency Directive (EED) was passed in 2012 replacing the Energy 

Services Directive and the Combined Heat and Power (CHP) directive.  The EED was 

established to meet the 2020 20% target in energy efficiency by establishing a 

framework for the promotion of energy efficiency within the EU.  Specifically, the 

target is to not exceed 1483 Mtoe primary energy consumption or 1086 Mtoe final 

energy consumption. (ADEME, 2015) 

This framework includes changes in both the household and tertiary sectors and covers 

fields including building renovations along with households and the public sector.  

Some of these changes are things such as finding cost-effective approaches to 

renovations. These approaches consider both the building type and the climatic zone, 

allowing more access to household’s consumption data, and ensuring that public 

buildings undergo renovations yearly to upgrade their heating systems to meet the set 

performance standards. (ADEME, 2015) 

In 2010 the Energy Performance of Buildings Directive (EPBD) was restructured, 

replacing the 2002 directive.  While the original directive was already extensive, this 

recast aimed to introduce standards such as nearly-zero energy buildings (nZEB) and 

minimum requirements for building envelopes and heating and air-conditioning system 
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inspections.  To meet the nZEB standards, the directive states that all new buildings will 

be nZEB by 2018 in public buildings and 2020 in all buildings.  The goals for minimum 

requirements of the envelopes and HVAC are delegated to each Member State to 

enforce. (ADEME, 2015) 

The Renewable Energy Directive (RED) establishes a policy, which covers the 

promotion of large scale and small-scale renewable energy production.  In Article 2a of 

2009/28/EC, the RED defines energy from renewable sources as “energy from renew-

able non-fossil sources, namely wind, solar, aerothermal, geothermal, hydrothermal and 

ocean energy, hydropower, biomass, landfill gas, sewage treatment plant gas and 

biogases”. The policy states that the EU must fulfill at least 20% of its total energy 

needs with renewables by 2020, with each country having their own national targets.  

These targets range from 10% in Malta to 49% in Sweden. Along with these overall 

target percentages are action plans, which will help outline the necessary steps to 

achieve these targets, considering all local, regional, and national authorities.  These 

guidelines consider other directives and legislation currently in place, giving guidance 

for finding the optimal combination of renewable energy, energy efficiency, and district 

heating and cooling. (ADEME, 2015) 

2.2 Energy policies in Finland 

Finland has a long-term goal of being a carbon neutral society following along with 

many other countries within the EU (Ministry of Economic Affairs and Employment of 

Finland, 2015).  While Finland’s goals are above the EU minimum, they are mainly 

driven by the EU goal to have an 80-95% reduction of the 1990 greenhouse gas 

emission levels by the year 2050.  Along the way several intermediate checkpoints are 

being met and legislation all over Europe is getting stricter and stricter.  In Finland, 

approximately 80% of the country’s greenhouse gas emissions come from energy 

production and consumption (including transport); therefore, this sector has been the 

main focus of the policy and efficiency changes (Ministry of Economic Affairs and 

Employment of Finland, 2015). 

As stated earlier, EU directives and policies drive most of the energy policies specific to 

Finland.  Therefore, acts such as the Environmental Protection Act, and the Emissions 
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Trading Act are mostly based on EU directives with very similar goals but perhaps 

slightly different actual numbers (Finnish Energy, 2018).  Specifically, the 

Environmental Protection Act implements the EU directive on industrial emissions 

whose goal is to integrate pollution prevention and control on emissions caused by 

industry (Finland Ministry of the Environment, 2016).  The Emissions Trading Act aims 

to keep GHG emissions from industrial and energy production plants below the EU 

mandated levels (Ministry of Economic Affairs and Employment of Finland, 2018).  
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3 ENERGY USE AND PROVISIONING 

3.1 Building’s typical energy use 

3.1.1 EU buildings’ energy use  

In Europe, buildings are responsible for the highest energy and electricity consumption 

of all end-use sectors with 40% of the total energy consumption and 55% of the 

electricity consumption.  Buildings are broken down into two different subsectors, 

residential or household and tertiary or services sector. In most European countries, the 

residential sector makes up the majority of the energy consumption averaging about 

66% for all EU countries, while the remaining percentage belongs to the tertiary sector. 

(ADEME, 2015) 

Since the year 2000, there has been a steady decrease (1.5 %/year) in the EU’s 

household energy consumption. This trend is mainly due to the increasing energy 

efficiency of appliances and other household items.  These energy efficiency 

improvements coupled with policy changes help typical households to improve their 

appliance efficiency, which results in a lower total energy consumption.  This increase 

is not uniform across all countries in the EU as can be seen in Figure 3 below. 

 

Figure 3.  Household energy consumption yearly change in the EU. Figure from 

ADEME, 2015. 
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Figure 3 shows the variance in household energy consumption change among different 

countries in the EU.  The figure shows that from 2008-2013, all countries in the EU, 

other than Italy, saw a decrease in household energy consumption.  Within a typical 

household, space heating makes up the majority of the energy consumption with a 2012 

average of about 67%.  Finland has the highest amount of energy used for space 

heating, which directly correlates to the amount of heating days it experiences in a 

typical year.  Most other countries in the EU experienced an increase in space heating 

efficiency from 2000 to 2012, while Finland had a slight decrease in efficiency 

(ADEME, 2015).  One major contributing factor to Finland’s higher space heating 

demand is their increased population density at higher latitudes, which is shown below 

in Figure 4.  When a country has larger populations in colder climates, there is a higher 

need for heating which can be less efficient due to the temperature differences. 

 

Figure 4.  EU population density map. (Eurostat, 2017b) 
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Unlike the household sector, the public sector has not had a steady decrease in energy 

consumption since 2000.  From 2000-2008 there was an average of 2.5 %/year increase 

in energy consumption.  However, since 2008 the trend has reversed, and from 2008-

2012 the EU saw an average decrease of 1.5 %/year. As can be seen in Figure 5, within 

the public sector, the trade and office subsectors contribute the largest percentage of 

energy consumption at around 26% each, with hotels and restaurants falling third at 

around 16%. (ADEME, 2015) 

 

Figure 5.  Energy consumption by subsector within services. Figure from ADEME, 

2015. 

 

The energy used in these sectors have increasing amounts of renewable energy sources 

(RES).  In all sectors excluding transport, the RES share of electricity production is 

about 29%, with a growth of around 1.4% per year.  Of this electricity, the most 

important sources are hydropower, wind, solar, and solid biofuels.  In 2015, it was 

estimated that by 2016, 30% of the EU’s total electricity consumption would be from 

renewable sources, with 44% of that energy coming from wind and solar.  With 

increasing shares of renewables in electricity production, the renewable use in buildings 

will increase as a result. (European Environment Agency, 2017) 
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Fortunately, coupled with the decreasing household energy consumption comes an 

increase in the use of renewable energy sources.  The renewable sources have helped 

keep the EU on the trend of decreasing GHG emissions over the past decade.  From 

2006-2016 the EU saw a 17% decrease in GHG emissions and there are goals to 

continue this trend in the future (Eurostat, 2018).  The average increase in renewable 

shares in household consumption has increased around 5% in the EU from 2000-2012 

and is continuing to increase as policy begins to change (ADEME, 2015).  For heavily 

wooded countries such as Latvia, Romania and Finland, the increase has been the 

greatest as the use of biomass for heating has significantly increased (ADEME, 2015). 

3.1.2 Finland buildings’ energy use 

Compared to the rest of the EU, Finland typically has slightly higher energy needs due 

to the long, cold winters (Motiva, 2014).  Finland relies on a continuous supply of 

energy to keep the houses warm and lit during the cold and dark.  Although Finland is 

the most densely populated country in the EU at its latitude, there are still large 

distances between the different cities and municipalities spread throughout the country.  

To achieve a continuous supply of energy many different sources of energy generation 

are used (Motiva, 2014).  With the need for higher amounts of renewables, energy 

storage must become more prominent to help, for example, the higher production of 

solar in the summer when energy needs are lowest (Motiva, 2014).  As the share of 

renewables increase, the diversity will increase and ultimately storage will be needed in 

larger quantities to keep the buildings powered. 

In Finland, the energy use of buildings is about 34% of the final energy consumption, 

which is slightly lower than the EU average.  However, in this 34% Finland has very 

energy intensive consumption, with the highest kWh/m
2
 in the EU.  The main reason for 

the energy intensive buildings is space heating which is required because of Finland’s 

cold climate.  In the Odyssee report, saunas are not included in space heating, but rather 

in appliances and lighting.  (ADEME, 2015) 

In the residential sector, from 2000-2012, the normalized energy consumption increased 

by 22.0% while the heated floor area increased 21.2%, showing that the increased heat 

consumption can almost entirely be attributed to heated floors.  Whereas in the services 
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sector, energy consumption increased by 16% while the floor area increased by 32%, 

showing an increase in efficiency and a decrease in consumption per m2. (Motiva, 

2015a) 

3.2 Energy provisioning for Finland and Oulu 

The energy consumed in Finland has several different sources.  Figure 6 shows that in 

2017, wood fuels were the most used source, followed closely by oil and then nuclear 

energy.  The figure shows that non-renewable resources such as oil, coal and natural gas 

make up over 1/3rd of the use.  These numbers show that there is a need to increase the 

amount of renewable energy sources in Finland if they hope to lower their CO2 

emissions and their overall impact on the environment.  According to Statistics Finland, 

Finland emitted 41 Mt of CO2 in 2017, a number that much reach at least 14.2 Mt by 

2050.  All projects which utilize renewable energy, such as the Triangel Resort, will 

help in achieving that goal. 

 

Figure 6.  Finland’s total energy consumption by source. (Tilastokeskus, 2017) 

 

The Oulu region has a variety of methods to produce energy.  Oulun Energia, the main 

energy company for the region, has some CHP plants, a hydroelectric plant, a waste 
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incineration plant, and a few wind turbines available for energy production. They also 

purchase some electricity and heat from the grid. About 90% of the fuels for the CHP 

plants and the waste incineration plant come from within 100 kilometers of Oulu.  The 

wood that is used in the Oulu region is also gathered following principles of sustainable 

forestry. (Oulun Energia, 2018a)  

As stated, Oulun Energia does not have enough capacity to completely supply the 

region, so they must purchase electricity from the grid to meet their customers’ needs.  

Considering both purchased and produced energy of Oulun Energia, 14.7% comes from 

renewable energy sources (wood, biomass, hydro, wind), 44.5% comes from fossil 

sources (peat, coal, natural gas, oil), and 40.8% comes from nuclear power.  Oulun 

Energia estimates that this combination of produced electricity equates to about 270 

g/kWh of CO2 emissions.  The heat consumed by Oulun Energia customers is much 

more locally supplied, as only 11% needs to be purchased from other regions while 48% 

of the consumed electricity is purchased.  However, the majority of the fuel used for 

heating is non-renewable so there is still a large room for improvement in that sector. 

(Oulun Energia, 2018a) 

Most of the area nearby the city center of Oulu has access to district heating as can be 

seen below in Figure 7.  However, anything located outside of the district heat network 

must have an alternative method for heating.  Also seen in the figure below the Triangel 

resort is outside of district heating network so it will require its own heating as it cannot 

rely on Oulun Energia’s districting heating network. 
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Figure 7.  Map of the Oulu region.  The Triangel resort location is circled in black and 

the existing district heating network is in red. (Oulun Karttapalvelu, 2018) 
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4 ENERGY END USE IN HOTELS AND ACCOMODATION 

Hotel energy use is grouped in the tertiary building sector.  Within this sector, it is 

ranked in the top five in energy consumption in the world (Hotel Energy Solutions, 

2011).  There are many different consumption categories, varying from heating and 

cooling to electricity use in things such as lights or appliances.  Among these 

consumption categories, space heating and cooling is by far the largest, accounting for 

about half the total consumption with hot water heating typically in second place (Hotel 

Energy Solutions, 2011).  The lighting in a hotel can fluctuate largely though, 

sometimes ranging from 12 percent all the way up to 40% of the hotel’s total energy 

consumption (Hotel Energy Solutions, 2011). 

In 2007, Bohdanowicz and Martinac performed a case study researching energy 

consumption in 184 hotels throughout Europe.  The hotels belong to the hotel chains 

Hilton and Scandic hotels located within 24 different European countries, covering all 

climate zones (Bohdanowicz & Martinac, 2007).  The Scandic hotels are considered to 

be mid-market while the Hilton hotels are considered to be upscale (Bohdanowicz & 

Martinac, 2007).  The Triangel retreat will not be an upscale establishment, so the 

Scandic hotels are outlined in this summary.  However, the comparison is not ideal as 

Scandic hotels is a big corporation and Triangel retreat will be a single location, but it 

was used as there is limited information on retreats. 

As can be seen in Figure 8, heating and cooling in the Scandic hotels is about half the 

average total energy consumption.  Due to the age of this study, it can be assumed that 

the total electricity consumption has decreased due to increases in appliance and 

lighting efficiency.  The paper also states that physical factors and occupancy are 

largely responsible for total energy consumption within hotels.  Among the hotels 

studied, the consumption varied greatly with different sized hotels as well as hotels with 

higher reliability of occupancy.  There was a high correlation between energy and water 

consumption to the number of guest-nights sold for the Scandic hotels.  Overall, they 

discovered that it is quite difficult to predict a hotels energy consumption as there are 

many different factors, which can affect the total consumption. (Bohdanowicz & 

Martinac, 2007)  
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Figure 8.  Energy consumption mix for the Scandic Hotel. Data from Bohdanowicz & 
Martinac, 2007. 

 

As stated above, the main energy consumption categories of hotels are heating and 

electricity use for lighting and appliances.  Figure 9 below, based on a figure in a VTT 

report, shows a flow diagram of a typical building’s layout.  Similar to the Scandic 

study outlined in Figure 8, this figure shows that the main energy consumption can be 

attributed to HVAC and some electrical appliances.  With this knowledge, these two 

categories will be studied in greater detail. 

 

Figure 9.  The system boundaries of a building.  Based on a figure from Forsström, et 
al., 2011. 
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4.1 Heating, ventilation and air-conditioning 

To create comfortable conditions and to prevent indoor condensation, most modern day 

buildings are heated (Designing Buildings Wiki, 2018).  According to Statistics Finland, 

in 2016 space and domestic water heating accounted for 83% of residential energy 

consumption in Finland (Statistics Finland, 2017).  In addition, as shown above, heating 

is the biggest end-use of energy in hotels.  These reasons make it a prime target for 

innovative solutions to decrease the required energy for heating.  

There are currently many different methods used to generate heat for buildings.  

Buildings can burn solid, liquid or gas fuels, use electricity to power heaters or pumps, 

or even just use the natural surroundings such as the sun to heat up the materials the 

house is made from, to list a few (Designing Buildings Wiki, 2018).  The popularity of 

these methods in Finland can be seen below in Figure 10, which was generated by Maija 

Mattinen of the Finnish Environment Institute.   

 

Figure 10.  Developments of energy consumption in Finland (LFO=light fuel oil, 

HFO=high fuel oil, GSHP=Ground-source heat pump). Figure from Mattinen & 

Heljo, 2016. 
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As the figure shows, district heating is by far the most used heating method, followed 

by electric heating and wood/pellets.  These methods are followed by different types of 

oil and gas, as well as a ground source heat pump.  The figure anticipates significantly 

less energy consumption for the heating sector in the upcoming century, as more energy 

efficient innovative solutions should be used in the future.  As shown above, there is no 

access to district heating in the triangel resort area, so another energy efficient option is 

the use of a ground source heat pump. 

Ground source heat pumps can be defined as systems, which use the ground as a heat 

source/sink to provide space heating and cooling as well as domestic hot water (Sarbu & 

Sebarchievici, 2014).  This concept has been known since 1912, when a Swiss patent 

was filed, resembling a ground-source heat pump (Sanner, 2017).  This technology has 

been thoroughly researched over the past century and improvements are still being made 

today. 

A ground source heat pump typically contains three different elements, a ground heat 

exchanger, a water-water heat pump, and finally the distribution system within the 

building (Energy Saving Trust, 2007).  These elements collectively extract heat from the 

water beneath the ground’s surface and distribute it throughout the building to maintain 

a stable temperature and sometimes heat the water.  

The ground heat exchanger is the system where a heat transfer occurs between the 

closed GSHP system and the ground.  The temperature underneath the ground is 

typically different from the surrounding air temperature.  At depths of less than two 

meters, the ground temperature lags behind the air temperature by about a month, just 

slightly higher.  However, when you get to depths of about 10m, the ground temperature 

is relatively stable and is equal to the approximate average yearly air temperature. 

(Energy Saving Trust, 2007) 

4.2 Lighting and other equipment (ie ovens, saunas) 

As stated above, lighting and other electrical equipment can represent a significant 

amount of energy consumption in hotels and other residential buildings.  Within this 

sector, many energy efficiency improvements can be made which will have an effect on 
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the total energy consumption.  In buildings all around the world, energy efficient lights 

are being used, as well as stricter regulations for appliances that is lowering the total 

energy consumption of these buildings (International Energy Agency, 2015).  However, 

one issue that is mainly unique to Finland is the use of saunas. 

Saunas are an integral part of Finnish culture and the sheer amount of saunas proves just 

that.  Accord to Statistics Finland, in 2017 there were approximately 2.7 million 

household-dwellings in Finland and over 2 million saunas, making an average of almost 

one sauna per dwelling (Statistics Finland, 2018). Unfortunately, saunas are a large 

consumer of energy, claiming 5% of the total energy consumption in households alone 

(Statistics Finland, 2015).  Typically, hotel buildings won’t have a sauna in every guest 

room, but there will instead be at least one public sauna for all guests to use.  This 

makes the effect on the hotel’s energy consumption less significant.  However, in the 

cottage village planned, each individual cottage will have its own sauna, significantly 

increasing the energy consumption per cottage. 
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5 ENERGY INNOVATIONS  

According to a 2017 report published by the United Nations Environment Programme 

(UNEP), since the adoption of the Paris Agreement in 2015, many countries have been 

working together to establish a universal foundation for ambitious climate change 

action.  The overall goal of the agreement is to limit the global average temperature 

increase to less than 2 degrees Celsius.  To complete this goal, all countries must work 

together in making realistic restrictions and policies to move toward a lower emissions 

future.  This paper shows that the energy sector is indeed the largest polluter of all 

sectors, with buildings the 6
th

 highest sector.  To reduce these emissions, “A strong 

commitment to facilitating and stimulating widespread, equitable and accountable 

innovation will be needed”. (United Nations Environment Programme, 2017) 

Innovation has been a notoriously difficult word to define, as it may change from topic 

to topic.  A definition of an innovation in the Oslo Manual that has been used since 

2005 is “the implementation of a new significantly improved product (good or service), 

or process, a new marketing method, or a new organizational method in business 

practices, workplace organization or external relations.”  The paper also states how 

innovations can really vary from place to place.  There are four main types of 

innovation, product, process, marketing, and organizational innovation, leaving the 

possibilities for being classified as an innovation very wide.  Some firms might be 

working on creating a completely new product, while others simply work on improving 

existing products, both are appropriate examples of innovation. (OECD/Eurostat, 2005) 

5.1 Sustainable Technologies 

To ensure the resort has all of the typical amenities you would find in a hotel, enough 

heat, electricity, and water must be provided to keep the guests comfortable.  Due to the 

sensory restrictions, some renewable energy sources cannot be considered.  The idea of 

the retreat is silence and serenity, which eliminates wind energy or other louder 

renewable energies.  The resort must also be visually appealing so traditional roof 

mounted solar panels are unacceptable as they can be seen as an eyesore. 
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5.1.1 Photovoltaics 

The creation of traditional silicon PV cells used today is thought to have originated in 

1954 from a team of workers at Bell Labs in the United States (U.S Department of 

Energy, 2005).  The workers achieved a 4% efficiency cell, which was increased to 11% 

within the year (U.S Department of Energy, 2005).  In the years following the creation 

of the modern silicon based panels, their production was mainly limited to the USA and 

Japan, and it continued that way until 1990 (Binz, et al., 2017).  Throughout that period, 

cell efficiency was constantly increasing as well as different uses for panels being 

explored.  Some specific innovations were applying PV panels to things such as weather 

stations, oil rigs, educational toys, etc. (Varadi, 2014). 

Currently, PV energy is one of the largest growing industries in the world, with new 

developments coming in material use, device design, production technologies, and 

efficiency enhancement (Sampaio & Gonzalez, 2017).  The advancement of PV 

technologies is now categorized by their base materials.  Commercial PV systems 

started with crystalline silicon (c-Si) which were later developed into thin film PV 

consisting raw materials such as amorphous silicon (a-Si), cadmium telluride (CdTe), 

and copper indium selenide (CIS) (Sampaio & Gonzalez, 2017).  The current innovative 

generation of PV cells being studied are organic photovoltaics, which are still gaining 

traction today (Sampaio & Gonzalez, 2017).  Most innovative research has stemmed 

from the need to reduce the cost of PV systems to make it more viable in the current 

market.  While much research was done in terms of cell efficiency along with cell costs, 

module costs have advanced over the past 30 years resulting in technologies such as 

BIPV. 

The idea of BIPV is not necessarily a new one and research to make it more viable has 

been occurring for the past 30 years.  Although the concept has been around for a while, 

there has been very few installations made worldwide and in 2009, BIPV only made up 

around 1% of the cumulative installed PV capacity.  Since then, the concept has gained 

traction in recent years as more residential people become interested in solar energy. 

(James, et al., 2011) 
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5.1.2 Building-Integrated Photovoltaics (BIPV) 

BIPV for building envelopes first became commercially available in the 1990s, after it 

was initially used in remote areas or on utility grid buildings in the 1970s and 1980s.  

Since then, there have been many studies on the matter and some people believe that 

there are still significant technical challenges to overcome before BIPV is a true 

competitor to traditional PV.  However, there is an increasing opinion that with enough 

advancements, BIPV will be a key factor in achieving the European 2020 target for zero 

emission buildings.  With its known benefits, BIPV can become a larger factor in 

worldwide energy production. (Shukla, et al., 2016) 

The energy innovation prominent in modern BIPV is thin-film technology, which 

allows for other technologies other than rigid roof tiles or even exterior walling.  The 

thin film technology can be used on metal sheet roofs, like Virte Solar, the Finnish 

company mentioned earlier, as well as other roofing materials such as shingles.  Other 

BIPV technologies have undergone efficiency increases in their cells, resulting in 

increased module efficiency as well.  Solar Century has a 20% per cell efficiency for 

their BIPV tile, which is about equivalent to traditional PV cell efficiency (Shukla, et 

al., 2016).  Some companies are even testing solar cell glazing for windows and other 

transparent envelopes (Shukla, et al., 2016).  The levels of transparency can vary 

anywhere from 16-41%, depending on aesthetic preference (Shukla, et al., 2016).  These 

are just a few of the commercially available options and as popularity increases, funding 

and innovation should increase as well.  Now that the cells inside the BIPV modules are 

of high efficiency, they should become more attractive methods of energy production.  

The current advancements in traditional PV will aid in the continuing advancement of 

BIPV. 
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6 SOLAR ENERGY 

According the World Energy Council’s 2016 report, in 2015, solar-powered electricity 

had around 227 GW installed capacity globally, which produced about 1% of all 

electricity used globally.  Solar electricity increased tenfold from 2008-2015 and has 

continued to increase mainly due to falling prices of a raw material, polysilicon.  The 

prices of PV systems decreased 80% from 2007-2014 as is partly highlighted in Figure 

11 below.  The increasing trend of using PV systems will continue as it is a clean source 

of energy, whose fuel is renewable.  However, currently the split of PV installations 

around the world is not evenly distributed.  The top capacities are in countries with 

larger populations such as China, USA, and Japan, with the highest capacity in Europe 

coming from Germany.  These four countries are responsible for over 60% of the 

world’s capacity.  This shows that there is a large room for improvement.  Countries 

such as Finland with smaller population and less solar radiation, the capacity tends to be 

lower. (World Energy Council, 2016) 

 

Figure 11.  PV module prices based on technology and manufacturing country. Figure 

from International Renewable Energy Agency IRENA, 2015. 
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6.1 Solar energy in Finland (northern as well) 

As can be seen in Figure 6, solar energy is merged with the “other” 5% showing it is not 

a major contributor to total energy production in Finland; however, there still are some 

residential and commercial installations.  According to a report from the IEA prepared 

by Jero Ahola, at the end of 2016 Finland had 27 MW of grid connected PV and about 

10 MW of off-grid capacity on things such as summer cottages.  Among this capacity, it 

is estimated that 40% is residential, 30% is commercial, and 30% is industrial (Ahola, 

2016).  While this capacity produces less than 1% of the total electricity consumption 

there is potential for it to increase drastically by 2050 (Ahola, 2016).  Child et al. 

provide an energy mix vision for 2050 in which Finland’s only sources of energy are 

bio (48%), wind (35%), hydro (7%) and lastly solar (10%) (Child, et al., 2017).  This 

10% is equivalent to 29.5 TWh coming from an installed capacity of 30 GW (Child, et 

al., 2017).  While these numbers seem incredibly high, they have already been realized 

by Germany, who had an even greater growth over the past 20 years (Child, et al., 

2017).  This proves that with the appropriate legislation and incentives, this capacity is 

definitely feasible.  

There is no doubt that cost is one of the largest barriers for the usage of PV systems in 

Finland.  This issue is present for both utility users as well as consumers.  Another 

barrier, which is tied to cost, is the lack of efficient storage available.  Intermittent 

renewable energy sources are too expensive when there is no storage system, as they 

cannot be relied on to be the sole provider of energy, requiring another back-up system.  

Until there is a more efficient, applicable storage system, utility companies in Finland 

will be hesitant to use solar energy.  Meanwhile, the cost for consumers is mainly tied to 

the actual price of the panels as well as their cost of installation.  Currently, Scandinavia 

provides little to no incentive for consumers to become prosumers and produce their 

own electricity.  As well as low cash incentives, the electricity in Nordpool is relatively 

cheap.  To make solar a more attractive and popular choice in the future, the 

government must give similar support systems for it as they currently do for 

conventional energy production.  Solar will also become more attractive once energy 

storage becomes a more viable option, meaning it would be easier to rely on intermittent 

sources with a stable storage backup. (Child, et al., 2017) 
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6.2 Optimization of solar panels 

Before placement of solar panels, an assessment of the desired area is done to optimize 

their orientation and location.  PV performance is affected by several factors Other than 

orientation, such as solar radiation, ambient temperature, cell temperature, shading 

effects, tilt angle, soiling/dust effect, etc. (Babatunde, et al., 2018).  Solar panels in the 

Northern hemisphere should be oriented directly south for optimum output as the sun is 

typically in the southern portion of the sky as can be seen in Figure 12.  Another 

obvious factor dealing with optimization is the tilt of the solar panels with respect to 

horizontal. Babatunde et al studied many different arrays in Cyprus and measured the 

effects of cleaning dust, tilt angle, and orientation (Babatunde, et al., 2018).  At this 

location, it was shown that up to a tilt of 25 degrees, the efficiency of the panel 

increased.  A panel tilted at 25 degrees facing due south was 5.6% more efficient than a 

panel tilted at 6 degrees with a similar orientation (Babatunde, et al., 2018). This tilt 

angle should be different for different latitudes, and Benghanem found that the optimum 

tilt for the yearly average is approximately equal to its latitude (Benghanem, 2011).  He 

showed that this number can change to get the maximum output, as it would be better to 

set the angle closer to optimum for the higher producing summer months, when there is 

more solar radiation (Benghanem, 2011).  Babatunde also studied the effect of dust 

coverage on the panels.  They found that there was an average of 2.5% increase in yield 

after the panels were cleaned of dust (Babatunde, et al., 2018).  While this problem is 

not as typical in Finland, it can relate to the problem of snow and ice coverage, which is 

very prominent in Finland. 
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Figure 12.  Sun path chart for Oulu, Finland.  The yellow area represents time when 

the sun is above the horizon.  The green, orange and blue lines represent the sun 

path at the summer, fall/spring, and winter solstices respectively. (Gaisma, 2018) 

 

To combat the issue of snow cover on solar panels, a removal method must be used.  

Some typical methods of snow removal from solar panels are, but not limited to, simply 

waiting for the snow to melt, using a hose to spray water down it, mechanical/manual 

removal, and heating of the solar panels (Synergy Power, 2018).  In some areas of 

Finland, especially the northern areas, simply waiting for the snow to melt is not a 

viable option as snow can remain until May or June, which would significantly reduce 

the efficiency of the panels during months of high production.  Spraying water to the 

panels may also be an issue in northern Finland as the outside temperature is far too 

cold and the water would simply turn to ice.  The mechanical and manual removal of 

the snow is a less common method as well, due to the roofs being slippery when filled 

with snow and ice.  There is a large hazard associated with going onto a slanted roof and 

attempting to clear the snow yourself, this method can be more easily applied to ground 

mounted systems as well as systems on flat rooftops.  Lastly, a newer method being 

applied is the heating of the actual solar panels themselves and was recently studied by 

Rahmatmand et al. (Rahmatmand, et al., 2018). 
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Rahmatmand et al. studied two different methods for cleaning tilted solar panels.  Their 

studies showed that heating panels through reverse currents as well as using a heater on 

the backside of the panel.  While there were limitations to both methods, using a reverse 

current seemed to be the better option as long as the reverse current does not exceed the 

panel capacity.  Both of the methods worked best when the panels were frameless, so 

that no ice buildup occurred when the melted snow reached the cold frame.  This 

method is not the most energy efficient of the methods listed above, but it is the most 

practical for large systems mounted on slanted rooftops.  Another limitation could be 

the angle of the rooftops, as this paper only studied panels with a tilt of at least 30 

degrees. (Rahmatmand, et al., 2018) 

6.3 Traditional vs BIPV 

6.3.1 Traditional PV systems 

Solar PV systems are the most widely used solar electric technology in the world.  They 

can be attractive compared to other renewables because they do not have moving parts 

and can generate at any scale.  Typically, other energy generators have moving parts, 

which require more maintenance and these generators usually have a more fixed range 

of scale as well.  This section will discuss the basics of how PV modules work showing 

why they are an attractive option for the future of energy generation. (MIT Energy 

Initiative, 2015) 

One of the most appealing things about PV systems is that they use sunlight as their fuel 

source, so as long as the sun is shining, energy can be produced.  PV systems are made 

up of a connection of PV modules, all containing many individual solar cells, as well as 

miscellaneous hardware such as inverters, wiring and transformers.  The solar cells in 

the PV modules are illuminated by sunlight, causing them to absorb high-energy 

photons.  This energy is then transferred to an electron and its positive counterpart, 

causing them both to go to opposite electrodes.  This opposite movement of particles 

causes a dc electric current, which is typically fed into an inverter and converted to ac 

power to match the grid’s power. (MIT Energy Initiative, 2015) 
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A typical PV module consists of 60 to 96, 15 cm
2
 square cells, each capable of 

producing about 4-5 W.  The total module usually has dimensions of 1 m x 1.5 m x 0.04 

m with a power range of 260-320 W.  Current PV modules are mostly made from 

silicon, as that was used historically, and it is non-toxic, efficient and reliable.  The 

crystalline silicon cells have two different categories, single crystalline, and 

multicrystalline.  The single-crystalline cells have higher conversion rates as well as 

better charge extraction, but they can be up to 20-30% more expensive.  While there are 

some limitations and disadvantages of the current commercial modules, it is estimated 

that even with no improvements to the technologies, the world’s 2050 goal could still be 

reached.  However, there are opportunities to increase module efficiency, reduce overall 

costs, and reducing the environmental impact by using less silicon and reducing the 

reliance on silver. (MIT Energy Initiative, 2015) 

6.3.2 Building Integrated Photovoltaics (BIPV) 

Previously, solar panels were mainly used by eco-friendly people who enjoyed having 

the image of clean energy.  Many people would hesitate to install solar panels because 

they did not fit well with typical home designs and were viewed by some as an eyesore.  

Due to these drawbacks, extensive research has been done to ameliorating these issues.  

One current solution is Building Integrated Photovoltaics (BIPV), a method which 

allows PV modules to be incorporated into the external fabric of a building (Henemann, 

2008).  Most BIPV modules can be grouped into two categories, either façade or rooftop 

systems, with both of them appearing equally in literature (Biyik, et al., 2017; Eiffert & 

Kiss, 2000).  New and innovative methods to incorporate PV modules into building 

envelopes have been developed since the 1990’s when BIPV technology first became 

commercially available (Eiffert & Kiss, 2000).  Now, many different countries have 

markets for BIPV with each having their own innovative method. 

IBC solar in the Netherlands installed a ventilated façade containing about 625 kW 

panels on an older building, giving it an entirely new look (Henemann, 2008).  In 

Finland, a company called Virte Solar has made their own version of BIPV.  They use 

CIGS thin film cells, which lay smoothly onto a metal sheet roof (Virte Solar, 2018).  

These CIGS solar film cells are thin, light, efficient and flexible (Virte Solar, 2018).  If 

it is a new building, they can be bonded directly onto the metal sheets at the factory, or 
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if it is an existing building, they can be installed directly onto the roof (Virte Solar, 

2018).  After Tesla acquired SolarCity, they developed their own solar tiles, which had 

initial installations in 2017, with production increasing in 2018 (Tesla, 2018).  These 

solar roofs created a lot of interest in the subject, as they look almost indistinguishable 

from a normal tiled roof.  A European company with a similar product to Tesla solar 

tiles is ZEP B.V., located in the Netherlands.  They have many completed projects 

throughout the region, with many in the Netherlands and some in surrounding countries 

such as the United Kingdom or Denmark as well as some developing projects in 

Sweden (ZEP B.V., 2018a).  Due to their proximity and the waiting list involved with 

Tesla Solar roofs, ZEP was chosen for the hotel complex. 

The solar tiles at ZEP B.V. come in three different lines of similar style; silverline, 

blackline, and redline shown in Figure 13, all which can be installed on buildings with 

roof angles between 20 and 80 degrees.  The system is usually installed with 30 solar 

tiles in series with each tile having dimensions of 48.7 x 29.6 cm and the panels on them 

with dimensions of 17.2 x 34.0 cm.  The cells located on the tiles are mono-crystalline 

silicon and have a temperature-rating guarantee from -40 
o
C to 105 

o
C.  Once placed, 

there is a space underneath the tiles, allowing for adequate air flow so when the air 

behind heats up a draft is created, naturally cooling the tiles.  Even with all of the 

amenities added, ZEP B.V. estimates that their solar tiles are only 10% more expensive 

than replacing roof tiles and adding loose panels.  Given that this field is relatively new, 

these prices should only improve in the future, making it a completely viable option for 

future energy production (ZEP B.V., 2018b) 

 

Figure 13.  Three different solar tile styles available at ZEP B.V. (ZEP B.V., 2018b) 
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Clearing snow off solar tiles is as difficult of an issue as clearing snow off rooftop 

mounted solar PVs.  Some solar tile companies such as Tesla are taking precautionary 

methods by including heating elements in the tile to ensure maximum efficiency 

throughout the year (Thompson, 2016).  Most methods which are used for traditional 

PV systems can be used for solar tiles as well.  
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EXPERIMENTAL SECTION 
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7 PRELIMINARY ASSESSMENT OF THE TRIANGEL 

HOTEL RESORT 

7.1 Location 

The Triangel travel center will be located in Haukipudas, about 15 kilometers north of 

Oulu city center, on the shore of Hämeenjärvi lake. Hämeenjärvi lake is about a 30-

minute drive from the city center or a 40-minute drive from Oulu airport.  The travel 

center will contain a main hotel building located near the shore of the lake, as well as 20 

wooden cottages spread across an open idyllic meadow.  An aerial view of the location 

can be seen in Figure 14 below. 

 

Figure 14.  Aerial view of the Triangel travel center location on Hämeenjärvi lake. 

(Paikkatietoikkuna, 2018) 

7.2 Characteristics of the buildings 

The official model of the buildings was not yet designed by the project architects, so the 

models built were based on an existing hotel model made by Gripsholm, as well as an 
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existing cottage model. The hotel model has two buildings at a 90-degree angle to each 

other, forming an L.  The main building is 90 meters long and 12 meters wide and is 

two stories high.  The small perpendicular building is 50 meters long and 12 meters 

wide and is one store high.  The orientation of the hotel building is discussed in section 

8.1.  The hotel building can host a maximum of 200 guests and will contain meeting 

rooms and other amenities for potential company retreats. 

The cottages will be two different sizes, 10 cottages with about a 50 m
2
 floor area, and 

10 cottages with about a 60 m
2
 floor area.  They will all be one story buildings including 

all of the typical amenities as a detached house, including their own electric saunas.  

The cottage village will contain a public pool available to guests staying at the cottages.  

An aerial view of an approximate layout of the buildings can be seen below in Figure 15 

which was created using the application SketchUp by Trimble Navigation.  

 

Figure 15.  Aerial view of the hotel resort with 3D buildings in their approximate 

locations with an imported map from Paikkatietoikkuna. (1- Hotel building, 2- 

Cottage village, 3- Existing cowhouse) (Paikkatietoikkuna, 2018) 

 

The figure shows the approximate locations of the cottage village as well as the hotel.  

The cottage placement is not final as only their general area was known. The energy use 

of the buildings is estimated as no final designs have been submitted.  Regarding 
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consumption, this thesis will focus only the energy use of the hotel building, as a 

colleague, Alfred Akoore’s, thesis will focus on the energy consumption of the cottages.  

This thesis also covers potential energy solutions for the estimated energy consumption. 

7.3 Estimated energy use 

To calculate an accurate payback period and properly size the solar array, energy 

consumption data had to be calculated.  As stated earlier, the focus of this thesis will be 

on the hotel building, so that is the only building studied.  Seeing as there was no 

existing model of a hotel, the energy consumption data was modeled on an existing 

hotel with a floor area of 4 000 m
2
.  The reference hotel had a yearly electricity 

consumption of 170 000 kWh/year with an average of 15 000 kWh/month in the winter 

and 13 000 kWh/month in the summer.  The values provided for the reference hotel’s 

heating was only given in monthly bill amounts.  The hotel’s heat bill was about 1 000 

€/month in the summer and between 1 500-2 000 €/month in the winter.  This hotel had 

40 rooms, a restaurant, and meeting rooms, which is very similar to the plan for the 

Triangel hotel. 

7.3.1 Electricity Consumption 

The hotel buildings in the Triangel resort will have an approximate floor area of 2 760 

m
2
 compared to the reference hotel size of 4 000 m

2
.  Therefore, to get an accurate 

yearly consumption a ratio is set up using the reference hotel size and electricity 

consumption compared to the Triangel hotel size as follows: 

2 760 𝑚2

4 000 𝑚2
=

𝑥

170 000 
𝑘𝑊ℎ
𝑦𝑒𝑎𝑟

 

After solving the ratio, the Triangel hotel should have an electricity consumption of 

around 117 300 kWh/year.  With this number, a monthly breakdown was created 

alongside the numbers given from the reference hotel, which can be seen below in Table 

1.  The monthly numbers were all calculated using the following equation: 
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𝑅𝑒𝑓. ℎ𝑜𝑡𝑒𝑙 𝑚𝑜𝑛𝑡ℎ𝑙𝑦 𝑐𝑜𝑛𝑠.

𝑅𝑒𝑓. ℎ𝑜𝑡𝑒𝑙 𝑦𝑒𝑎𝑟𝑙𝑦 𝑐𝑜𝑛𝑠.
=

𝑥

𝑇𝑟𝑖𝑎𝑛𝑔𝑒𝑙 ℎ𝑜𝑡𝑒𝑙 𝑦𝑒𝑎𝑟𝑙𝑦 𝑐𝑜𝑛𝑠.
 

Solving for x gives the Triangel hotel’s monthly electricity consumption.  With the data 

given above and the calculations made, Table 1 was created which was the monthly 

model used for the hotel’s electricity consumption. 

Table 1. Electricity consumption profile for the reference and Triangel hotels 

 

Reference hotel electricity 
consumption (kWh) 

Triangel hotel electricity 
consumption (kWh) 

Jan  15 000 10 350 

Feb  15 000 10 350 

Mar  15 000 10 350 

Apr  15 000 10 350 

May  13 000 8 970 

Jun  13 000 8 970 

Jul  13 000 8 970 

Aug  13 000 8 970 

Sep  13 000 8 970 

Oct  15 000 10 350 

Nov  15 000 10 350 

Dec 15 000  10 350 

YEAR 170 000 117 300 

 

7.3.2 Heat Consumption 

To calculate the estimated heat consumption of the Triangel hotel, the reference hotel’s 

heat bills had to be distributed throughout the year and converted to energy amounts.  

To convert a heating bill price to kWh, the average price of 7.48 c/kWh for district heat 

in Finland was used (Wilhelms, 2017).  Once an energy amount was calculated, the 

same ratio used for electricity consumption, was used for heat consumption, giving 

values for the Triangel hotel.  With the above information and calculations, the 

following table, Table 2, was created showing the estimated monthly breakdown of the 

Triangel hotel heat consumption. 

Table 2. Reference and Triangel hotels’ heat consumption 

 

Reference hotel 
heating bill (€) 

Reference hotel heat 
consumption (kWh) 

Triangel hotel heat 
consumption (kWh) 
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January 2 000 26 738 18 449 

February 1 900 25 401 17 527 

March 1 800 24 064 16 604 

April 1 500 20 053 13 837 

May 1 200 16 043 11 070 

June 1 000 13 369 9 225 

July 1 000 13 369 9 225 

August 1 000 13 369 9 225 

September 1 200 16 043 11 070 

October 1 500 20 053 13 837 

November 1 700 22 727 15 682 

December 1 900 25 401 17 527 

Year 17 700 236 631 163 275 

 

The idea for the Triangel hotel was to use a GSHP for the heat demand.  To calculate 

the electricity consumption of a GSHP when given a heat demand, you must divide the 

heat demand by the coefficient of performance (COP) of the specified heat pump.  To 

determine an appropriate COP, two different GSHP manufacturers, NIBE and Dietrich, 

both located in Germany, were studied.  These companies had COPs ranging from 4.1-

5.35 for models of larger capacity (Dietrich, 2018; NIBE, 2018).  Given this 

information, a COP of 4.7 was used, as it is in the middle of the range.  When the 

Triangel hotel’s estimated heat consumption was divided by a COP of 4.7, Table 3 was 

created.  The table shows the estimated electricity consumption for a heat pump to cover 

this heat demand and includes the hotel’s total electricity consumption when the heat 

pump electricity was added to the hotel’s electricity consumption outlined above in 

Section 7.3.1. 

Table 3. Triangel hotel heat and electricity consumption 

 

Triangel hotel heat 
consumption (kWh) 

4.7 COP heat pump 
electricity 

consumption (kWh) 

Total Triangel hotel 
electricity 

consumption (kWh) 

January 18 449 3 925 14 275 

February 17 527 3 729 14 079 

March 16 604 3 533 13 883 

April 13 837 2 944 13 294 

May 11 070 2 355 11 325 

June 9 225 1 963 10 933 

July 9 225 1 963 10 933 

August 9 225 1 963 10 933 
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September 11 070 2 355 11 325 

October 13 837 2 944 13 294 

November 15 682 3 337 13 687 

December 17 527 3 729 14 079 

Year 163 275 34 739 152 039 
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ELECTRICITY PRODUCED BY A PV INSTALLATION 

7.4 Solar radiation in Finland 

Compared to most other countries in Europe, Finland receives much less solar radiation 

per year.  On a horizontal surface, the Finnish Meteorological Institute recorded yearly 

values ranging from about 790 kWh/m
2
 in northern Finland to 980 kWh/m

2
 in southern 

Finland (Motiva, 2015b).  As can be seen in Figure 16, the average annual horizontal 

radiation in central Europe is around 1200 kWh/m
2
.  When comparing radiation on 

optimally inclined surfaces, the trend remains the same, but the numbers are shifted 

slightly upwards.  Specifically, in Finland, the range shifts from around 790-980 

kWh/m
2
 to about 900-1200 kWh/m

2
 as seen in Figure 17. 

  

Figure 16.  Global horizontal irradiation in Europe. (Solar GIS, 2011) 

 



50 

 

Figure 17.  Global irradiation in Finland on an optimally inclined surface 

(Photovoltaic Geographical Information System, 2017) 

 

As can be seen in Figure 17, the solar radiation of much of Finland is about equivalent 

to that of central and northern Germany, which gets 7%, or about 39 TWh, of their 

electricity from PV systems (Burger, 2018).  Interestingly, Germany, or other countries 

of similar solar irradiation are considered much more favorable locations for solar 

power.  While there still are slight differences in radiation, the production difference is 

actually much smaller due to the lower temperatures in Nordic countries increasing PV 

efficiency.  Despite the similar conditions and production potential, the difference in 

installed capacity comes from the feed-in tariff system implemented in Germany. 

(Pasonen, et al., 2012) 
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The potential for solar power in Finland is several times higher than the current amount 

and if more focus was put on it, it could play a much larger role in energy production.  

For example, if a 30 km x 30 km area was filled with panels while assuming 900 

kWh/m
2
 and 10% efficiency (which is reasonable for Finland) it would produce around 

81 TWh/a which is close to the electricity consumption of Finland.  If more solar power 

were invested in, there would still be the issue of seasonal storage, as the largest solar 

production comes in the summer months, while the largest consumption happens in the 

winter months. (Hakkarainen, et al., 2015) 

 

Figure 18.  Sunpath chart at the Triangel resort location.  Figure produced by Skelion. 

 

While the solar radiation levels in Finland are comparable to northern and central 

Germany, there is a larger seasonal difference, as Finland and specifically in this case, 

Oulu, are situated much farther north.  Figure 18 shows the sun path chart at the hotel 

resorts’ location, just north of Oulu.  The figure shows that sun has a long path chart 

from May to July, while it is almost nonexistent from November to January. 

The solar radiation data for the simulations run in Skelion was acquired through the 

accompanying Photovoltaic Geographical Information System (PVGIS) in Skelion.  

This interactive system allows you to estimate solar radiation at selected locations 

throughout Europe.  Using this system, Figure 19 was created, comparing irradiation in 

Oulu, Finland (located at 65.01 N, 25.47 E with an elevation of 15 meters above sea 

level) and Hamburg, Germany (located at 53.58 N, 10.02 E with an elevation of 8 

meters above sea level) (World Atlas, 2018b; World Atlas, 2018a). 
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Figure 19.  Horizontal Irradiation of Oulu vs. Horizontal Irradiation of Hamburg on 

optimally inclined surfaces. Data from PVGIS (Photovoltaic Geographical 

Information System, 2018) 

 

The curve in Figure 19 shows the solar irradiation on an optimally inclined surface with 

the daily averages of each month.  This figure further shows that there is very small 

amounts of solar radiation from November to February for Oulu.  The figure also shows 

the solar radiation in Hamburg, Germany which has a very similar curve, despite it 

being located about 12 degrees farther south than Oulu.  The peaks of the two curves are 

near the same spot but the curve in Germany is slightly wider, showing slightly more 

radiation in the spring and autumn. 

Using the PVGIS data, the yearly total solar radiation for the Oulu area is around 835 

kWh/m
2
 on a horizontal surface, 1 065 on an optimally inclined surface, and 1 022 on a 

27 degree surface, the slant of the hotel roof (Photovoltaic Geographical Information 

System, 2018). 

7.5 Hotel resort 3D model 

The dimensions for the created hotel and cottage models were estimated, as the architect 

has not designed a final image.  The idea of the model was to have 20 cottages, 10 with 

a 50 m
2
 base and 10 with a 60 m

2
 base. However, the cottages built in this simulation 

0

1

2

3

4

5

6

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

kW
h

/m
2 /

d
ay

 

Horizontal Irradiation 

Oulu Horizontal Irradiation Hamburg Horizontal Irradiation



53 

followed a reference cottage designed by Honka (Honkarakenne, 2018).  The larger 

cottages were built to the reference size and the smaller ones were shrunk in length, 

making the dimensions 10.92 m x 8.80 m and 8.72 m x 8.80 m respectively.  The 

cottage areas include a 15.1 m
2
 balcony as was indicated in the model.  Given these 

dimensions, the cottage floor areas were actually 96 m
2
 for the larger cottages and 76.7 

m
2 

for the smaller cottages. The hotel buildings would follow an existing Gripsholm 

model.  The larger building has dimensions of 90 m x 12 m while the smaller building 

has dimensions of 50 m x 12 m.  There is also an existing cowhouse on the property 

which was considering for solar panels which was built following its floor plan.  The 

building has a total floor area of 1 320 m
2 

and will likely undergo a roof renovation the 

near future. 

After studying the work of Nicholas Stewart (2016), the same software, “SketchUp“ by 

Trimble Navigation, would be used to create the 3D model.  The solar energy 

estimations can be performed in SketchUp with an extension software called “Skelion”.  

This combination of software can build a 3D model and geolocate it for accurate solar 

radiation and shading data.  The output from these is a monthly breakdown of electricity 

produced with shading derate considered.  This model helped compare different 

scenarios with varying azimuths.  

The model was created by drawing the outlines of the buildings based on the provided 

models for both the cottages and the hotel buildings.  The roof angles were then 

measured to be 27 degrees in the provided drawings for the hotel and were assumed to 

be 23 degrees on the cottages.  The roof angle of the existing cowhouse is roughly 23 

degrees as well. These models were placed on an imported Google Earth image to 

ensure that they were in the approximate appropriate locations.  The imported image 

was aligned with the correct geographical coordinates, so the accuracy is +/- 2.7 m 

according to a study on google earth (Goudarzi & Landry, 2017). 

After using the reference hotel and model cottages, the total roof area was calculated.  

The following table has a breakdown of total roof area and total roof area viable for 

solar PV placement.  As is seen in Table 4, less than half of the total roof area is viable 

for solar PV placement for the orientation envisioned by the client, while over half is 

viable for an optimized orientation. 
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Table 4. Roof areas of SketchUp 3D models 

 

Total roof 
area (m2) 

PV viable roof 
area (m2) 

Optimized PV viable 
roof area (m2) 

Small Cottages 994 497 497 

Large Cottages 1 229 615 615 

Hotel 1 912 954 1 320 

Cowhouse 1 575 744 744 

Total 5 711 2 810 3 176 

 

The final building models can be seen below.  The cottages were randomly placed as 

can be seen in Figure 15 above, as their precise location does not matter for the sake of 

calculating their approximate electrical output.  The different scenarios will be outlined 

and reviewed in Section 8. 

 

Figure 20.  Screen capture of the hotel 3D model built in SketchUp. 
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Figure 21.  Screen Capture of the cottage 3D model alongside its reference cottage in 

SketchUp. 

7.6 Cost of a PV system 

When considering the cost of a PV system, one of the largest factors is the scale, as 

larger utility PV arrays are typically cheaper per watt of installed capacity than 

residential PV arrays (MIT Energy Initiative, 2015).  The system focused on in this 

study is in the size range between residential and utility-scale, which is classified as a 

commercial-scale.  The price differences between the classified scales does not come 

from the actual modules, but from other hardware designed at smaller scales (MIT 

Energy Initiative, 2015).  The price breakdown of both the residential and utility scale 

systems can be seen below in Figure 22, with once again commercial falling somewhere 

in between.  
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Figure 22.  Residential and Utility scale PV costs. Data from MIT Energy Initiative 

2015. 

 

The total price for Finland will be different but the figure gives an understanding of how 

prices are distributed and where the cost difference in utility and residential systems 

stems from.  The costs in Finland, while not listed in the IRENA 2017 report, should 

follow the same trend as all of the countries listed, specifically the European countries 

Germany, Italy, France, and the UK.  These countries have all seen a minimum of 70% 

decrease in utility scale solar PV installation costs, with all of them now well under 2 

000 USD/kW (International Renewable Energy Agency IRENA, 2018). 

In Finland, most estimations for solar installations are made using the price range 

provided by Finsolar.  Finsolar states that for installations between 10 and 250 kWp the 

price can vary between 1 050-1 350 €/kWp and for installations above 250 kWp the 

price can vary between 950-1 300 €/kWp (Finsolar, 2016).  This paper has some 

scenarios where regular solar panels are used and this pricing guide was used for the 

estimation.  The anticipated installed capacity of regular panels would be around 115 

kWp placing it in the 10-250 kWp range.  To make calculations for the panel portion of 

the Triangel system, a conservative value of 1 250 €/kWp was used.  This value could 

not be used for the entire system as solar tiles are planned to be installed on the Hotel 
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and potentially the cottages.  To estimate these prices, ZEP B.V. was contacted directly 

and a quote was received. 

According to the ZEP website FAQ, their solar tile roof costs about 10% more than 

installing normal tiles and loose panels (ZEP B.V., 2018b).  After receiving their quote, 

which is outlined in the Scenarios section, this estimate seemed to be slightly low with 

the price per kWp equating to around 1 500 €/kWp, or about 20% higher than the 

Finsolar estimate. 

Once the solar PV array is installed, there are still yearly costs associated with operating 

and maintaining the system (O&M).  O&M is made up of many different subcategories 

divided amongst either operation or maintenance.  The operation side must consider 

which sets of data are important to store and assess the overall efficiency and 

performance of the solar array.  The operations will monitor the system and decide 

when maintenance must be performed.  The type of maintenance to be performed can 

vary from preventative to corrective maintenance.  Some examples of maintenance to be 

performed is panel cleaning such as snow or dust removal or repairing damaged or 

failed components.  These general O&M costs are predicted to be an average of $8 

000/MW/year in 2020 by the NREL when the cost of the inverter replacement after 

about 15 years is included.  The largest cost of O&M falls to replacing the inverters, 

which typically have a 10-year warranty which can be extended to 20 years.  For 

calculating the O&M of our system, the inverters were assumed to be replaced at 15 

years with a 0.25% of the total purchase price regular yearly O&M. (NREL, 2016; PV 

Insider, 2016) 

7.7 Price of electricity 

The profitability of any solar array is directly linked to the future electricity prices of the 

area.  If there is a drastic decrease in electricity prices, the potential value of the array 

will decrease with them.  This correlation makes calculating profits and return of 

investment reliant on what will happen to the electricity markets.  Electricity markets 

can be extremely difficult to predict, as you do not know the future amounts of 

precipitation that powers hydro plants or the number of sunny and cloudy days in 

certain areas for solar energy.  However, there is extensive research on predicting future 
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electricity demand, which typically scales with electricity prices.  The higher the 

demand, the higher the cost of electricity which is what VTT researchers, Koreneff et. al 

predicted for the Nordic and more specifically the Finnish market.  They had three 

different scenarios, all of which would have a large effect on electricity prices (VTT, 

2009).  The first scenario was business as usual (BAU), in which the electricity demand 

and price was seen to increase from now to 2020 and then more so from 2020-2030 

(VTT, 2009).  The other two scenarios were an increase in demand from electric 

vehicles and a decrease in demand from restricted industries (VTT, 2009).  To model 

the future electricity price for this thesis, the BAU model was used, as it is the middle 

option. 

The average yearly prices of the Finnish Nord Pool Elspot market were taken from the 

past 15 years. The graph here shows that, firstly, the prices are difficult to predict and 

also the price has typically been between 30 and 40 EUR/MWh with a few spikes in 

price.  Due to this unpredictability and lack of a trend, the VTT predicted prices were 

used for the market price in Finland.  Koreneff et al predicted that the Nordic countries’ 

(Denmark, Finland, Norway and Sweden) average market price would be 43.21 €/MWh 

in 2020 and 44.64 €/MWh in 2030 (VTT, 2009).  However, when you compare the 

historical Finnish Elspot prices over the past decade, they have been on average 3.40 

€/MWh higher than the Nordic countries’ average.  Due to this, the predicted Finnish 

prices were adjusted to 46.61 €/MWh and 48.04 €/MWh in 2020 and 2030 respectively.  

To help with the future past 2030, the prices continued to increase linearly over the next 

20 years, to 2050. 
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Figure 23.  Yearly average Elspot electricity prices in Finland. Data from Nordpool, 

2018. 

 

In addition to the market price available in Finland, when purchasing electricity, 

transmission costs and taxes must be accounted for as well.  In Finland, there are four 

different factors associated with the purchase price of electricity, the market price, 

transmission costs, and two different types of taxes.  The two taxes added are the 

general tax, or Veroluokka, and the value-added tax (VAT).  The current transmission 

price in Finland is 35.2 €/MWh and the general tax is 27.9 €/MWh (Oulun Energia, 

2018b).  After the market electricity price, transmission price, and general tax are added 

together a 24% VAT is usually added on top of that to give the final electricity price.  

For example, if we take the market price of 46.61 €/MWh predicted for 2020 and add 

the taxes and transmission, the actual purchase price of the electricity is 136.0 €/MWh.  

However, when you are selling electricity back to the grid, the excess fees are not 

added, and you simply sell it for the market price at the time.  
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8 SCENARIOS 

As seen above, there are many different roofs with the potential to be filled with solar 

PV.  To give the client a better understanding of how each combination of roofs would 

affect the energy production and payback period several different scenarios were 

created.  An original scenario where most roofs were south facing was also calculated 

and compared to the orientation specified by the client.  These different scenarios are 

described in depth in the following subsections. 

8.1 Optimal orientation vs desired orientation 

As seen above in section 5.2, the optimal orientation of solar panels in the Northern 

Hemisphere is directly south facing.  However, buildings are not always built this way 

as other factors are considered as well.  The vision for the Triangel retreat center, as 

seen in Figure 15, is for the cottages to be facing northwest to get the best view of the 

sunset to add to the peace and serenity of the resort and for the hotel to be oriented with 

a slight angle relative to north-south to get the best view of the field. The envisioned 

orientation was compared to an optimal maximum roof area facing south orientation to 

measure the difference in efficiency of the two solar PV models. 

This work optimized and compared the hotel and cottages of the Triangel retreat center.  

The cowhouse was ignored for optimization because it is already an existing structure 

and the orientation and roof angle cannot be changed.  In Skelion, the roofs were filled 

with a simulated ZEP solar tile and energy calculations as well as yields were made for 

the two different orientations.  Based on the data given from Skelion, the optimal 

orientation was only about 5% more efficient in its yield than the desired orientation.  

This shows that the difference in efficiency is only minor, so the desired orientation can 

be comfortably used.  With this information, several different scenarios were then 

compared, all using the desired orientation. 
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8.2 Scenario 1, only hotel 

In this scenario, solar tiles were placed on all south facing roofs of the hotel building.  

This layout has a nominal power rating of 83.5 kWp, which is estimated the produce 58 

MWh/year.  This scenario was essentially minimum investment and the highest local 

electricity consumption.  Figure 24 below shows the estimated electricity consumption 

of the hotel building graphed against the estimated solar production from this scenario. 

 

Figure 24.  Scenario 1 solar production vs hotel electricity consumption. 

 

This figure shows the average monthly electricity production is always lower than the 

average monthly electricity consumption.  This leaves the hotel with the largest need to 

purchase electricity but only in minimal amounts during the summer months.  Given 

that the production is always lower than the consumption, a self-consumption 

percentage of 95% was used (lowered 5% to account for potential daily differences in 

the summer).  This scenario only utilizes one of the three building’s roofs available, 

leaving room for much more potential on the other roofs.  The total potential and 

characteristics for all the buildings can be seen below in Table 5. 

Table 5. Specifications for each group of buildings 

Roof Section Azimuth Tilt Kilowatts Number of tiles Yield 
Hotel Building -20/70 27 83.5 9 275 66%/75% 
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Cottages 45 23 97.5 10 838 71% 

Cowhouse -20/70 23 114.5 NA 68%/77% 

Total Scenario 1 NA NA 83.5 9 275 70% 
Total Scenario 2 NA NA 181.0 20 113 70% 

Total Scenario 3 NA NA 198.0 9 275 70% 

Total Scenario 4 NA NA 295.5 20 113 70% 

 

The table shows the potential nominal power, the corresponding number of tiles (if 

applicable), the yield, and the tilt and azimuth of each roof section.  The data in the table 

comes from a quote received from ZEP as well as the Skelion software. The table shows 

that the normal panels to be placed on the cowhouse have a higher yield than the solar 

tiles of the hotel given identical azimuths.  

With the information from Table 5 above, total yearly production values could be 

calculated and from that, total yearly profit could be calculated as well.  The produced 

electricity followed a degradation rate for mono-crystalline cells of 0.36% per year 

proved by the NREL (Jordan & Kurtz, 2012).  As discussed in section 7.7, the purchase 

price of the electricity includes transmission and taxes, while the selling price is only 

the market price.  Both of these prices are considered to be fixed prices, not hourly as 

there was a lack of hourly electricity usage data.  As was discussed, about 95% of the 

produced electricity in this scenario will be used for personal consumption while about 

5% will be sold to the grid.  With this split, the profit is displayed in the last column of 

Table 6 below with an inverter replacement at 15 years. 

Table 6. Yearly profit calculation breakdown 

Year 

Produced 
Electricity 

(MWh) 

Purchase 
Price 

(€/MWh) 
Consumption 

Value (€) 

Selling 
Price 

(€/MWh) 

Selling 
Value 

(€) 
O&M 

(€) 
Profit 

(€) 

1 58.0 136 7 491 46.6 135 -282 7 344 

2 57.8 136 7 474 46.8 135 -282 7 327 

3 57.5 136 7 456 46.9 135 -282 7 309 

4 57.3 137 7 439 47.0 135 -282 7 292 

5 57.1 137 7 422 47.2 135 -282 7 275 

6 56.9 137 7 405 47.3 135 -282 7 258 

7 56.7 137 7 388 47.5 135 -282 7 240 

8 56.5 137 7 371 47.6 135 -282 7 223 

9 56.3 137 7 354 47.8 134 -282 7 206 

10 56.1 138 7 337 47.9 134 -282 7 189 
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11 55.9 138 7 320 48.0 134 -282 7 172 

12 55.7 138 7 303 48.2 134 -282 7 155 

13 55.5 138 7 286 48.3 134 -282 7 138 

14 55.3 138 7 269 48.5 134 -282 7 121 

15 55.1 139 7 252 48.6 134 -6 964 422 

16 54.9 139 7 235 48.8 134 -282 7 087 

17 54.7 139 7 218 48.9 134 -282 7 070 

18 54.5 139 7 201 49.0 134 -282 7 053 

19 54.3 139 7 185 49.2 134 -282 7 036 

20 54.1 139 7 168 49.3 133 -282 7 020 

21 53.9 140 7 151 49.5 133 -282 7 003 

22 53.7 140 7 134 49.6 133 -282 6 986 

23 53.5 140 7 118 49.8 133 -282 6 969 

24 53.3 140 7 101 49.9 133 -282 6 952 

25 53.2 140 7 085 50.0 133 -282 6 936 

26 53.0 140 7 068 50.2 133 -282 6 919 

27 52.8 141 7 051 50.3 133 -282 6 902 

28 52.6 141 7 035 50.5 133 -282 6 886 

29 52.4 141 7 018 50.6 133 -282 6 869 

30 52.2 141 7 002 50.8 132 -282 6 853 

 

To calculate a payback period, total investment costs had to be calculated.  To calculate 

these, ZEP B.V. was contacted directly and a quote was received.  The summary of the 

quote with unit prices can be seen below in Table 7.  All prices seen in the table include 

a 15% discount which was offered by ZEP upon receiving the quote. 

Table 7. Unit pricing data from ZEP B.V. 

 Unit Price (€) 

Solar Tile 15.5 

Roof Tile 1.3 

25k Inverter 1 765 

15k Inverter 1 386 

3.5k Inverter 744 

Additional Costs 23 890 

 

Using Table 5 and Table 7 we can estimate that the cost of the Solar component of the 

roof tile (i.e solar tile price – roof tile price) is 14.2 €/piece.  Excluding the roof tile that 

the solar cell is mounted on, the total solar tile cost for this scenario is as follows: 
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14.2
€

𝑝𝑖𝑒𝑐𝑒
∗ 9 275 𝑝𝑖𝑒𝑐𝑒𝑠 = 131 705 € 

Next, we must include the inverter costs for this scenario.  The hotel is estimated to 

need three 25k inverters and one 15k inverter.  This makes the inverter costs as follows: 

(3 ∗ 1 765 €) + 1 386 € = 6 681 € 

To get the total cost, the additional costs in Table 7 must be added to the tile cost and 

the inverter costs.  The additional costs consists of things such as power optimizers and 

other miscellaneous costs.  The additional costs were calculated when the cottages were 

included, so that number was divided in half for an estimation of a system about half the 

size.  With the additional costs added in, the total cost of the solar tiles is about 150 332 

€.   

Typically, for solar projects in Finland a 25% subsidy is received from the government, 

greatly reducing the payback period (Business Finland, 2018).  Assuming a 25% 

subsidy for this project, the total investment cost is lowered to 112 749 €.  According to 

a report from the Joint Research Center of the European Commission, the European 

average discount rate for solar photovoltaic systems is around 3%, so this value was 

applied to the payback period (Huld, et al., 2014).  After considering a 25% subsidy and 

a 3% discount rate the net present value (NPV) was calculated for the next 30 years as 

seen below in Table 8.  Additionally, the internal rate of return (IRR) was calculated to 

show profitability potential with different discount rates. 

Table 8. Scenario 1 Economic Evaluation 

Year Cash Flow (€) NPV (€) IRR (%) 

0 -112 749 € 
  1 7 344 € -102 542 € -93.5 % 

2 7 327 € -95 838 € -71.0 % 

3 7 309 € -89 343 € -51.9 % 

4 7 292 € -83 053 € -38.3 % 

5 7 275 € -76 960 € -28.7 % 

6 7 258 € -71 059 € -21.8 % 

7 7 240 € -65 343 € -16.7 % 

8 7 223 € -59 807 € -12.7 % 

9 7 206 € -54 445 € -9.7 % 
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10 7 189 € -49 252 € -7.3 % 

11 7 172 € -44 221 € -5.4 % 

12 7 155 € -39 349 € -3.8 % 

13 7 138 € -34 630 € -2.5 % 

14 7 121 € -30 060 € -1.4 % 

15 422 € -29 796 € -1.4 % 

16 7 087 € -25 509 € -0.4 % 

17 7 070 € -21 356 € 0.3 % 

18 7 053 € -17 333 € 1.0 % 

19 7 036 € -13 438 € 1.5 % 

20 7 020 € -9 664 € 2.0 % 

21 7 003 € -6 010 € 2.4 % 

22 6 986 € -2 470 € 2.8 % 

23 6 969 € 958 € 3.1 % 

24 6 952 € 4 279 € 3.4 % 

25 6 936 € 7 495 € 3.6 % 

26 6 919 € 10 610 € 3.8 % 

27 6 902 € 13 627 € 4.0 % 

28 6 886 € 16 549 € 4.2 % 

29 6 869 € 19 379 € 4.4 % 

30 6 853 € 22 120 € 4.5 % 

 

Table 8 shows that the payback period for this scenario would be about 22 years.  This 

scenario provided the lowest payback period of the four mainly due to the highest 

percentage of self-consumption.  While this scenario creates the least electricity, it is 

sized the best given the estimated energy consumption.   

Given that Oulun Energia estimates that the electricity consumed in the Oulu region is 

responsible for 270 g/kWh consumed electricity the CO2 reductions were calculated.  

Assuming that solar energy produces 0 g/kWh of produced electricity of CO2, it is 

estimated that over the 30-year period this solar array will result in a 14.9 tonnes/year 

reduction with a total of 446 tonnes over its entire lifetime. 

8.3 Scenario 2, hotel and cottages 

In this scenario, solar tiles were placed on all south facing roofs of the hotel buildings 

and cottages. This layout has a nominal power rating of 181 kWp, which is estimated 

the produce 127 MWh/year.  This scenario was considered because it has the maximum 
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usage of the solar tile technology.  Figure 25 below shows the estimated electricity 

consumption of the hotel building graphed against the estimated solar production from 

this scenario. 

 

Figure 25.  Scenario 2 solar production vs hotel electricity consumption. 

 

This figure shows there is a surplus of produced electricity from the middle of March 

until the middle of August.  The figure also illustrates that there is a need to purchase 

electricity during the winter months when solar radiation is much lower.  To calculate 

the amount of purchased electricity required, the two graphs were integrated from mid-

March to mid-August and the difference was taken.  Using this integration, the surplus 

electricity is equivalent to about 34 000 kWh, which is about 27% of the total 

production of about 127 000 kWh.  While this scenario allows for a cheaper option with 

many months of the year being self-sufficient, it still produces a large surplus with 27% 

of the produced electricity being sold to the grid. 

This total system is divided into two categories, the hotel complex and the cottages, 

both of whose details can be seen above in Table 5.  As shown in Table 5, the total yield 

of this scenario is very similar to every other scenario.  Using the same method 

described in section 8.2, total yearly profit was calculated as well. 
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Using the costs from Table 7, the total tile price of this scenario is 285 605 €.  The 

inverter cost is slightly higher for this scenario as ZEP estimated that each cottage 

would need its own individual inverter.  This makes the total inverter need three 25k 

inverters, one 15k inverter, and twenty 3.5k inverters with a total cost of 21 557 €.  

When adding the additional costs, the total investment cost for this scenario is 331 053 

€.  With the expected 25% subsidy, the total investment cost for this scenario is 247 289 

€.  Using the same method and discount rate as scenario 1, the payback period is 

estimated to be around 30 years.  All tables for this scenario can be found in Appendix 

A. 

Using the same CO2 emissions of 270 g/kWh consumed electricity, CO2 reductions 

were calculated.  It is estimated that over the 30-year period this solar array will result 

in a 32.6 tonnes/year reduction with a total of 978 tonnes over its entire lifetime. 

8.4 Scenario 3, hotel and cowhouse 

In this scenario, solar tiles were placed on all south facing roofs of the hotel buildings 

and solar panels were placed on the cowhouse. This layout has a nominal power rating 

of 198 kWp, which is estimated the produce 139 MWh/year.  This scenario was 

considered because it has a large total electricity production while eliminating the many 

inverters needed for each individual cottage.  Figure 26 below shows the estimated 

electricity consumption of the hotel building graphed against the estimated solar 

production from this scenario. 
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Figure 26.  Scenario 3 solar production vs hotel electricity consumption. 

 

This figure shows there is a surplus of produced electricity from the middle of March 

until the end of August.  The figure also illustrates that there is a need to purchase 

electricity during the winter months when solar radiation is much lower.  To calculate 

the amount of purchased electricity required, the two graphs were integrated from mid-

March to the end of August and the difference was taken.  Using this integration, the 

surplus electricity is equivalent to about 47 500 kWh, which is about 34% of the total 

production of about 139 000 kWh.  While this scenario allows for a cheaper option with 

many months of the year being self-sufficient, it still produces a large surplus with 34% 

of the produced electricity being sold to the grid. 

This total system is divided into two categories, the hotel complex and the cowhouse, 

both of whose details can be seen above in Table 5.  As shown in Table 5, the total yield 

of this scenario is very similar to every other scenario.  Using the same method 

described in section 8.2, total yearly profit was calculated as well. 

The solar tile price for this scenario is identical to scenario 1, making the hotel cost 

150 332 €.  However, this scenario utilizes solar panels on the cowhouse, which have a 

different cost calculation associated with them.  To get an estimate for this price, the 

Finsolar estimate of 1 250 €/kWp from section 7.6 was used.  With an estimated 

capacity of 115 kWp, the price of cowhouse solar panels is about 143 100 €.  This 
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brings the total investment cost of this scenario to 293 432 €.  After the expected 25% 

subsidy, the total cost is lowered to 220 074 €.  Using the same method and discount 

rate as scenario 1, the payback period is estimated to be around 24 years.  All tables for 

this scenario can be found in Appendix B. 

Using the same CO2 emissions of 270 g/kWh consumed electricity, CO2 reductions 

were calculated.  It is estimated that over the 30-year period this solar array will result 

in a 35.6 tonnes/year reduction with a total of 1069 tonnes over its entire lifetime. 

8.5 Scenario 4, all buildings 

In this scenario, solar tiles were placed on all south facing roofs of the hotel building 

and the cottages as well as solar panels being placed on the cowhouse.  This layout has a 

nominal power rating of 295 kWp, which is estimated the produce 208 MWh/year.  This 

scenario was essentially the maximum electricity production potential for the buildings.  

Figure 27 below shows the estimated electricity consumption of the hotel building 

graphed against the estimated solar production from this scenario. 

 

Figure 27.  Scenario 4 solar production vs hotel electricity consumption. 
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This figure shows there is a large surplus of produced electricity from the middle of 

February until the middle of September.  The figure also illustrates that there is a need 

to purchase electricity during the winter months when solar radiation is much lower.  To 

calculate the amount of purchased electricity required, the two graphs were integrated 

from mid-February to mid-September and the difference was taken.  Using this 

integration, the surplus electricity is equivalent to about 100 000 kWh, which is about 

half of the total production of about 200 000 kWh.  While this scenario allows for the 

greatest yearly percentage of self-sufficiency, it has the lowest self-consumption 

percentage, with about half of the produced electricity being sold to the grid. 

The total system can be divided into three subsections, the hotel, the cottages, and the 

cowhouse.  The characteristics of these subsections can be seen in Table 5 on page 61.  

As shown in Table 5, the total yield of this scenario is very similar to every other 

scenario.  Using the same method described in section 8.2, total yearly profit was 

calculated as well. 

The solar tile price for this scenario is identical to scenario 2, making the total solar tile 

price 331 053 €.  However, this scenario also has the regular solar panels described in 

scenario 3, which adds an additional 143 100 € bringing the total investment cost for 

scenario 4 to 474 153 €.  After the expected 25% subsidy, the total cost is lowered to 

355 614 €.  Using the same method and discount rate as scenario 1, the payback period 

is estimated to be over 30 years.  All tables for this scenario can be found in Appendix 

C. 

Using the same CO2 emissions of 270 g/kWh consumed electricity, CO2 reductions 

were calculated.  It is estimated that over the 30-year period this solar array will result 

in a 53.4 tonnes/year reduction with a total of 1602 tonnes over its entire lifetime. 
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9 SUMMARY OF RESULTS AND DISCUSSION 

To determine the feasibility of solar tiles for the Triangel hotel resort, the four scenarios 

were studied in detail in section 8.  Each scenario considers different amounts of solar 

PV tiles and traditional solar PV panels to meet the energy need of the hotel building.  

Each scenario has its specific niche where it would be the most logical solution.  The 

summary of the results from section 8 are found below as well as a recommendation for 

when each scenario would be the optimal solution. 

After reviewing all of the scenarios and comparing them in many different aspects, it is 

clear that some options are more feasible than others are.  The total summary of all the 

scenarios can be found below in Table 9.  As seen in the table, scenario 1 has the lowest 

nominal power rating which covers the lowest percentage of the hotel’s energy needs 

and the smallest CO2 reduction.  However, the low power rating gives it the lowest 

investment cost and the highest percentage of energy consumed locally, resulting in the 

shortest payback period.  Scenario 2 has the highest power rating without using 

traditional solar panels, making it the most aesthetical option for covering a large 

percentage of the hotel’s energy needs.  Scenario 2 results in a longer payback than 

scenario 3 due to the higher price of solar tiles.  Scenario 3 has the second shortest 

payback period with the second lowest investment cost.  It is a mixture of large amounts 

of production coupled with a more reasonable payback period due to some sacrifice in 

aesthetics using traditional solar panels.  Scenario 4 has the highest power rating, 

covering the largest percentage of the hotel’s energy needs and the largest lifetime CO2 

reduction.  However, this combination also results in a small percentage of produced 

energy being used on site and the largest payback period of over 30 years. 

Table 9. Summary of each scenario 

 

Power 
(kWp) 

% of energy 
consumed 

locally 

Investment 
(€) 

Payback 
(years) 

% of hotel’s 
energy need 

covered 

Lifetime CO2 
Reduction 
(tonnes) 

Scenario 1 84 95 % 110 000 22 38 % 450 

Scenario 2 181 73 % 250 000 30 58 % 1 000 

Scenario 3 198 66 % 220 000 23 60 % 1 100 

Scenario 4 295 50 % 355 000 30+ 66 % 1 600 
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The payback period from Table 9 above was calculated using the NPV of the given 

scenarios.  A larger economic summary of each scenario’s lifetime can be found in 

Table 10.  A discount rate of 3% was used for each investment. 

Table 10.  Economic summary of each scenario 

 

Investment 
(€) 

Payback 
(years) 

NPV 
(€) 

IRR 

Scenario 1 110 000 22 22 000 € 4.5 % 

Scenario 2 250 000 30 -2 500 € 2.9 % 

Scenario 3 220 000 23 35 500 € 4.3 % 

Scenario 4 355 000 30+ -31 000 € 2.3 % 

 

Based on the information from Table 10, scenario 1 and scenario 3 are the most 

favorable when payback time is being considered.  These two scenarios also have the 

lowest initial investment costs with the highest IRR.  Scenarios 2 and 4 show to have 

the highest investment costs as well as the longest payback periods.  The actual solution 

for the Triangel retreat depends entirely on the final consumption estimation.  This 

analysis was performed using assumptions for energy consumption on buildings that 

were not yet designed and a discount rate that has not been confirmed.  Using these 

assumptions scenario 4 would be chosen only if the maximum energy output was 

desired.  Scenario 3 would be chosen if there was need for a larger output with a 

relatively lower cost and shorter payback period.  Scenario 2 would be chosen if a larger 

energy output was needed but were not willing to sacrifice on the aesthetics by using 

traditional solar panels.  However, given all the assumptions made in this thesis, 

scenario 1 would be the most logical based on sizing and payback period.  This scenario 

has the shortest payback period, the lowest investment and the higher IRR.  If the actual 

consumption of the hotel building were estimated to be higher in the future, then the 

other three scenarios would become more viable. 
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10 CONCLUSION  

As the EU aims to drastically reduce CO2 emissions by 2050 all countries within it are 

creating policies that help shape the future of emissions.  Specifically, the energy 

production sector has a large potential for the reduction of CO2 emissions.  This thesis 

reviewed the different policies affecting energy generation and consumption in both the 

EU and Finland.  Most policies created focus on the enforcement of renewable energy 

generation within the countries.  There are also policies which aim to make standards 

which improve buildings’ energy efficiency and getting them closer to nZEBs.  To get 

an idea of where the EU and Finland currently stand, this thesis studied current 

building’s energy use as well as the option for solar energy to mitigate the current CO2 

emissions total. 

Within each country, specific regions have their own methods to reduce humans’ effect 

on the environment.  In the Oulu region, located in Northern Finland, there are specific 

methods and needs for more renewable energy sources.  Currently, solar energy is not 

prominent in this area due to the latitude, but there is potential for significant amounts 

of energy in the summer months.  The Triangel retreat aims to utilize renewable energy 

while giving people a chance to escape a more hectic city life while still relaxing with 

all the amenities you would find at home.  With solar tiles used in lieu of traditional 

solar panels, there is no detachment from a typical Finnish cottage in the woods from 

the sight of modern technology.  The tiles accompanied with a GSHP and the bioreactor 

discussed by Alfred Akoore help provide the resort with lower energy consumption met 

with renewable energy.  This combination of methods helps supply the Oulu region with 

the innovative renewable energy production needed in locations away from the city 

center.  

The energy solution for the Triangel hotel is very dependent on the goal of the solar 

array.  If the main focus is slightly reducing energy consumption while giving off a 

good image, scenario 1 is the best option.  However, if a larger energy consumption 

reduction was desired, scenario 2 or 3 would best fit that need while keeping investment 

costs to a minimum.  Given the analysis based on the quotes received from ZEP B.V., 

all of these scenarios prove that solar tiles are a viable option to help create the balance 

needed for a silence retreat. 
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10.1 Assumptions 

To make a proper economic evaluation, many assumptions about the complex’s 

buildings were made.  First, the dimensions of all the buildings was estimated based on 

models given to us by the client.  This means the actual roof area will be different than 

the values shown in this work.  Next, once again due to the lack of information on the 

actual building design, energy consumption was estimated from a reference hotel.  Due 

to these two estimations, the actual energy consumption and production will be different 

than was estimated.  Once the actual building information is a received, an accurate 

evaluation can be performed, leaving opportunities for future work. 

10.2 Future Work 

The work in this thesis could be expanded upon in several different ways.  As stated 

above, this thesis made many assumptions which can be more accurately estimated as 

more information becomes available.  To get a better understanding of the actual energy 

demand, another work could be performed to study the actual energy needs of the hotel 

based on real building models.  There is also a chance that with a warming climate, the 

energy need in the summer will grow as the use of air conditioning and other cooling 

devices increases.  Additionally, with the large surplus of electricity production in the 

summer, there is a need to consider a seasonal energy storage system to help utilize the 

produced energy throughout the entire year.  Lastly, there is room for work to be done 

optimizing the entire resort’s energy solution using data from both this report and the 

report done by Alfred Akoore.  With these two reports and new information coming in 

the future, an entire resort optimization should be completed. 
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12 APPENDICES 

12.1 Appendix A 

Yearly profit calculation and economic evaluation for scenario 2. 

Year 

Produced 
Electricity 

(MWh) 

Purchase 
Price 

(€/MWh) 
Consumption 

Value (€) 

Selling 
Price 

(€/MWh) 

Selling 
Value 

(€) 
O&M 

(€) 
Profit 

(€) 

1 127 136 12 634 46.6 1 601 -621 13 614 

2 127 136 12 605 46.8 1 600 -621 13 584 

3 126 136 12 576 46.9 1 599 -621 13 554 

4 126 137 12 547 47.0 1 598 -621 13 524 

5 125 137 12 518 47.2 1 597 -621 13 494 

6 125 137 12 489 47.3 1 596 -621 13 465 

7 124 137 12 460 47.5 1 596 -621 13 435 

8 124 137 12 431 47.6 1 595 -621 13 405 

9 124 137 12 402 47.8 1 594 -621 13 375 

10 123 138 12 374 47.9 1 593 -621 13 346 

11 123 138 12 345 48.0 1 592 621 13 316 

12 122 138 12 316 48.2 1 591 -621 13 286 

13 122 138 12 288 48.3 1 590 -621 13 257 

14 121 138 12 259 48.5 1 589 -621 13 227 

15 121 139 12 231 48.6 1 588 -22 178 -8 359 

16 121 139 12 202 48.8 1 586 -621 13 168 

17 120 139 12 174 48.9 1 585 -621 13 139 

18 120 139 12 146 49.0 1 584 -621 13 109 

19 119 139 12 117 49.2 1 583 -621 13 080 

20 119 139 12 089 49.3 1 582 -621 13 051 

21 118 140 12 061 49.5 1 581 -621 13 021 

22 118 140 12 033 49.6 1 580 -621 12 992 

23 118 140 12 005 49.8 1 579 -621 12 963 

24 117 140 11 977 49.9 1 578 -621 12 934 

25 117 140 11 949 50.0 1 576 -621 12 904 

26 116 140 11 921 50.2 1 575 -621 12 875 

27 116 141 11 893 50.3 1 574 -621 12 846 

28 115 141 11 865 50.5 1 573 -621  12 817 

29 115 141 11 837 50.6 1 572 -621 12 788 

30 115 141 11 809 50.8 1 570 -621 12 759 
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Year Cash Flow (€) NPV (€) IRR 

0 -248 289 € 
  1 13 614 € -228 225 € -94.5 % 

2 13 584 € -215 794 € -73.7 % 

3 13 554 € -203 751 € -55.2 % 

4 13 524 € -192 085 € -41.7 % 

5 13 494 € -180 783 € -32.0 % 

6 13 465 € -169 836 € -24.9 % 

7 13 435 € -159 230 € -19.6 % 

8 13 405 € -148 956 € -15.5 % 

9 13 375 € -139 003 € -12.4 % 

10 13 346 € -129 362 € -9.8 % 

11 13 316 € -120 023 € -7.8 % 

12 13 286 € -110 975 € -6.1 % 

13 13 257 € -102 211 € -4.7 % 

14 13 227 € -93 721 € -3.5 % 

15 -8 359 € -98 930 € -4.3 % 

16 13 168 € -90 963 € -3.1 % 

17 13 139 € -83 245 € -2.2 % 

18 13 109 € -75 769 € -1.4 % 

19 13 080 € -68 527 € -0.7 % 

20 13 051 € -61 512 € -0.1 % 

21 13 021 € -54 716 € 0.4 % 

22 12 992 € -48 133 € 0.8 % 

23 12 963 € -41 756 € 1.2 % 

24 12 934 € -35 579 € 1.5 % 

25 12 904 € -29 596 € 1.8 % 

26 12 875 € -23 799 € 2.1 % 

27 12 846 € -18 185 € 2.3 % 

28 12 817 € -12 746 € 2.6 % 

29 12 788 € -7 477 € 2.7 % 

30 12 759 € -2 374 € 2.9 % 
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12.2 Appendix B 

Yearly profit calculation and economic evaluation for scenario 3. 

Year 

Produced 
Electricity 

(MWh) 

Purchase 
Price 

(€/MWh) 
Consumption 

Value (€) 

Selling 
Price 

(€/MWh) 

Selling 
Value 

(€) 
O&M 

(€) 
Profit 

(€) 

1 139 136 12 483 46.6 2 203 -550 14 137 

2 139 136 12 455 46.8 2 202 -550 14 107 

3 138 136 12 426 46.9 2 201 -550 14 077 

4 138 137 12 397 47.0 2 200 -550 14 047 

5 137 137 12 369 47.2 2 198 -550 14 017 

6 137 137 12 340 47.3 2 197 -550 13 987 

7 136 137 12 312 47.5 2 196 -550 13 957 

8 136 137 12 283 47.6 2 195 -550 13 928 

9 135 137 12 255 47.8 2 193 -550 13 898 

10 135 138 12 226 47.9 2 192 -550 13 868 

11 134 138 12 198 48.0 2 190 -550 13 838 

12 134 138 12 170 48.2 2 189 -550 13 809 

13 133 138 12 142 48.3 2 188 -550 13 779 

14 133 138 12 113 48.5 2 186 -550 13 750 

15 132 139 12 085 48.6 2 185 -21 542 -7 272 

16 132 139 12 057 48.8 2 183 -550 13 690 

17 131 139 12 029 48.9 2 182 -550 13 661 

18 131 139 12 001 49.0 2 180 -550 13 631 

19 130 139 11 973 49.2 2 179 -550 13 602 

20 130 139 11 945 49.3 2 177 -550 13 572 

21 129 140 11 917 49.5 2 176 -550 13 543 

22 129 140 11 890 49.6 2 174 -550 13 514 

23 128 140 11 862 49.8 2 173 -550 13 484 

24 128 140 11 834 49.9 2 171 -550 13 455 

25 128 140 11 806 50.0 2 169 -550 13 426 

26 127 140 11 779 50.2 2 168 -550 13 396 

27 127 141 11 751 50.3 2 166 -550 13 367 

28 126 141 11 724 50.5 2 164 -550 13 338 

29 126 141 11 696 50.6 2 163 -550 13 309 

30 125 141 11 669 50.8 2 161 -550 13 280 
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Year Cash Flow (€) NPV (€) IRR 

0 -220 074 € 
  1 14 137 € -200 339 € -93.6 % 

2 14 107 € -187 429 € -71.3 % 

3 14 077 € -174 922 € -52.2 % 

4 14 047 € -162 805 € -38.6 % 

5 14 017 € -151 066 € -29.0 % 

6 13 987 € -139 694 € -22.0 % 

7 13 957 € -128 675 € -16.9 % 

8 13 928 € -118 001 € -13.0 % 

9 13 898 € -107 660 € -9.9 % 

10 13 868 € -97 641 € -7.5 % 

11 13 838 € -87 935 € -5.6 % 

12 13 809 € -78 532 € -4.0 % 

13 13 779 € -69 422 € -2.7 % 

14 13 750 € -60 597 € -1.6 % 

15 -7 272 € -65 129 € -2.1 % 

16 13 690 € -56 846 € -1.1 % 

17 13 661 € -48 821 € -0.3 % 

18 13 631 € -41 048 € 0.4 % 

19 13 602 € -33 517 € 1.0 % 

20 13 572 € -26 221 € 1.6 % 

21 13 543 € -19 153 € 2.0 % 

22 13 514 € -12 306 € 2.4 % 

23 13 484 € -5 672 € 2.7 % 

24 13 455 € 754 € 3.0 % 

25 13 426 € 6 979 € 3.3 % 

26 13 396 € 13 010 € 3.5 % 

27 13 367 € 18 853 € 3.7 % 

28 13 338 € 24 513 € 3.9 % 

29 13 309 € 29 996 € 4.1 % 

30 13 280 € 35 308 € 4.3 % 
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12.3 Appendix C 

Yearly profit calculation and economic evaluation for scenario 4. 

Year 

Produced 
Electricity 

(MWh) 

Purchase 
Price 

(€/MWh) 
Consumption 

Value (€) 

Selling 
Price 

(€/MWh) 

Selling 
Value 

(€) 
O&M 

(€) 
Profit 

(€) 

1 208 136 14 168 46.6 4 854 -889 18 133 

2 208 136 14 135 46.8 4 852 -889 18 098 

3 207 136 14 103 46.9 4 849 -889 18 063 

4 206 137 14 070 47.0 4 846 -889 18 027 

5 205 137 14 038 47.2 4 843 -889 17 992 

6 205 137 14 005 47.3 4 841 -889 17 957 

7 204 137 13 973 47.5 4 838 -889 17 922 

8 203 137 13 941 47.6 4 835 -889 17 886 

9 202 137 13 908 47.8 4 832 -889 17 851 

10 202 138 13 876 47.9 4 829 -889 17 816 

11 201 138 13 844 48.0 4 826 -889 17 781 

12 200 138 13 812 48.2 4 823 -889 17 746 

13 199 138 13 780 48.3 4 820 -889 17 711 

14 199 138 13 748 48.5 4 817 -889 17 676 

15 198 139 13 716 48.6 4 813 -36 756 -18 226 

16 197 139 13 684 48.8 4 810 -889 17 605 

17 197 139 13 652 48.9 4 807 -889 17 570 

18 196 139 13 621 49.0 4 804 -889 17 535 

19 195 139 13 589 49.2 4 800 -889 17 500 

20 194 139 13 557 49.3 4 797 -889 17 465 

21 194 140 13 526 49.5 4 793 -889 17 430 

22 193 140 13 494 49.6 4 790 -889 17 395 

23 192 140 13 462 49.8 4 787 -889 17 360 

24 192 140 13 431 49.9 4 783 -889 17 325 

25 191 140 13 400 50.0 4 779 -889 17 290 

26 190 140 13 368 50.2 4 776 -889 17 255 

27 190 141 13 337 50.3 4 772 -889 17 220 

28 189 141 13 306 50.5 4 769 -889 17 185 

29 188 141 13 274 50.6 4 765 -889 17 150 

30 188 141 13 243 50.8 4 761 -889 17 115 
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Year Cash Flow (€) NPV (€) IRR 

0 -355 614 € 
  1 18 133 € -328 165 € -94.9 % 

2 18 098 € -311 603 € -74.7 % 

3 18 063 € -295 554 € -56.4 % 

4 18 027 € -280 004 € -43.0 % 

5 17 992 € -264 936 € -33.3 % 

6 17 957 € -250 335 € -26.1 % 

7 17 922 € -236 188 € -20.8 % 

8 17 886 € -222 479 € -16.7 % 

9 17 851 € -209 196 € -13.4 % 

10 17 816 € -196 325 € -10.8 % 

11 17 781 € -183 854 € -8.7 % 

12 17 746 € -171 770 € -7.0 % 

13 17 711 € -160 061 € -5.6 % 

14 17 676 € -148 716 € -4.4 % 

15 -18 226 € -160 074 € -5.7 % 

16 17 605 € -149 423 € -4.4 % 

17 17 570 € -139 102 € -3.3 % 

18 17 535 € -129 102 € -2.4 % 

19 17 500 € -119 412 € -1.7 % 

20 17 465 € -110 024 € -1.0 % 

21 17 430 € -100 927 € -0.5 % 

22 17 395 € -92 114 € 0.0 % 

23 17 360 € -83 574 € 0.4 % 

24 17 325 € -75 299 € 0.8 % 

25 17 290 € -67 282 € 1.1 % 

26 17 255 € -59 514 € 1.4 % 

27 17 220 € -51 987 € 1.6 % 

28 17 185 € -44 695 € 1.9 % 

29 17 150 € -37 629 € 2.1 % 

30 17 115 € -30 783 € 2.3 % 
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