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Abstract 

 

 

The European countries have set ambitious goals for reducing energy use and CO2 emissions. The first goals were 

set for 2020 and measures to reach the goals have been implemented. Further goals were set for the year 2030 and 

reaching these goals requires improvements in both energy production and energy use. The goals set by the EU 

demand actions from all EU countries. Buildings consume around 40 % of the final energy in the EU and improving 

their energy efficiency plays an important role in reaching the improvement goals. This thesis concentrates on 

mapping the energy use and areas of possible improvements of public buildings. A preliminary energy audit is done 

specifically on the University of Oulu Linnanmaa campus to uncover energy issues of the campus buildings. 

Following that the possibilities of photovoltaic electricity production at the campus are found out. 

 

This work is partly done as to contribute to the FREED project, which is presented in the introduction as are the exact 

research goals of this thesis. The theoretical part will start with describing the present and future energy use of public 

buildings and the energy policies affecting them. Here it is found out that buildings in Finland consume the largest 

amount of energy per square meter in the EU. The theory regarding energy audits of buildings is then reviewed as 

this procedure is used in the experimental part. To be used as information for the energy audit, the overall energy use 

of public buildings in the EU is reviewed. It is revealed that heating accounts for most of the energy use. Then the 

energy production and transfer in the Oulu area is described. The last part of the theory is the innovation scanning, 

which was done as a part of FREED. A wide range of different definitions for an innovation were found. In this thesis 

an innovation was defined as a new/improved product, service or process, which has the potential for success in the 

market. In the innovation scanning it is found out, that there are a wide variety of innovations available, which have 

the potential to reduce the energy use in public buildings. 

 

The first section of the experimental part is an energy audit on the University of Oulu Linnanmaa campus. The 

Linnanmaa campus consists of different sectors of which most have been built separately and have different 

construction years. The audit is based on hourly energy consumption data, basic building information and knowledge 

from local specialist employees. It is found out that the different university buildings have differing energy 

consumption profiles, which is likely partly due to the building age and partly due to different building activities. It 

was revealed that the electricity data currently available was insufficient to point out energy use by different activities 

and appliances but that it can possibly be used to promote some energy efficiency projects. Potential future energy 

investigation options are laid out as are improvement possibilities. It is revealed that some of the before scanned 

innovations could be implemented at the university. 

 

A more detailed plan for localised photovoltaic electricity production at the university is created as a way to lower 

the amount of purchased electricity. Solar radiation data and electricity pricing/use data are gathered for the formation 

of this plan. A simplified virtual construct of the campus is also done to perform shading simulations on the building. 

Two different scenarios are created to give a wider view of the production possibilities. Each scenario discovers the 

production capabilities and economic outcomes of a photovoltaic system. The system in the other scenario is 2,2 

MWp and in the other scenario 460 kWp. It is found out that photovoltaic electricity can be created economically at 

the location and that it would lower the amount of greenhouse gas emissions resulting from the energy use. 
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Tiivistelmä 

Euroopan maat ovat asettaneet korkeat tavoitteet energiankulutuksen ja hiilidioksidipäästöjen vähentämiseen. Aika 

ensimmäisten tavoitteiden saavuttamiseen umpeutuu 2020 ja niiden saavuttamiseksi on otettu käyttöön erilaisia 

keinoja. Uudet tavoitteet on jo asetettu vuodelle 2030 ja ne tähtäävät entistä suurempiin energiankulutuksen ja CO2-

päästöjen vähennyksiin. Näiden tavoitteiden saavuttamiseksi on tehtävä parannuksia sekä energiantuotannossa, että 

energian loppukulutuksessa. Rakennukset vastaavat noin 40 % osuutta EU:n energian loppukulutuksesta, joten niiden 

energiatehokkuuden parantamisella on tärkeä rooli asetettujen tavoitteiden saavuttamisessa. Tässä opinnäytetyössä 

pyritään kartoittamaan julkisten rakennusten energiankulutusta sekä mahdollisia parannuskohteita. Oulun yliopiston 

Linnanmaan kampuksen rakennuksille tehdään alustava energiaselvitys, jossa pyritään selvittämään näiden 

rakennusten energiaongelmia. Tämän jälkeen yritetään kartoittaa mahdollisuudet aurinkosähkön tuotantoon 

kampuksella. 

 

Tämä työ on tehty osana FREED-projektia, joka esitellään johdannossa tarkkojen tutkimuskysymysten lisäksi. 

Teoriaosuuden alussa kuvataan rakennusten tämänhetkistä energiankulutusta sekä miten sen oletetaan muuttuvan 

tulevaisuudessa. Tärkeimmät muutosta ajavat linjaukset ja direktiivit esitellään. Selviää, että suomalaiset rakennukset 

kuluttavat eniten energiaa neliömetriä kohden koko EU:n alueella. Rakennusten energiankulutuksen selvittämiseen 

käytetyt energia-auditointitekniikat selvitetään ja niitä käytetään työn kokeellisessa osuudessa. Energia-auditoinnissa 

hyödyllisenä tietona selvitetään EU-alueen julkisten rakennusten energiankulutusta yleisellä tasolla ja selviää, että 

yli puolet näiden rakennusten energiankulutuksesta menee lämmitykseen. Tämän jälkeen kuvataan energiantuotanto 

Oulun alueella. Viimeisessä osiossa tehdään innovaatiokartoitus osana FREED-projektia. Innovaatiolle löydettiin 

useita eri määritelmiä. Tässä työssä innovaatio määritellään uudeksi/parannelluksi tuotteeksi, palveluksi taikka 

prosessiksi, jolla on mahdollisuuksia menestyä markkinoilla. Innovaatiokartoituksessa selviää, että on olemassa ja 

kehitteillä paljon erilaisia innovaatioita, joilla on potentiaalia laskea julkisten rakennusten energiankulutusta. 

 

Käytännön osuuden ensimmäisessä osiossa tehdään alustava energia-auditointi Oulun yliopiston Linnanmaan 

kampuksen rakennuksille. Linnanmaan kampuksen rakennukset ovat pääsääntöisesti rakennettu erillisinä projekteina 

eri aikaan. Auditointi perustui rakennusten tuntikohtaiseen energiankulutusdataan, tila-asiantuntijan haastatteluun 

sekä yleiseen rakennuksista tarjolla olevaan tietoon. Auditoinnissa paljastuu, että yliopiston eri rakennusten 

energiankulutusprofiilit eroavat paljon toisistaan. Tämän oletetaan johtuvan osittain rakennusten erilaisista 

rakennustekniikoista sekä osittain rakennusten erilaisista käyttökohteista. Auditoinnissa paljastuu, että kerätty 

sähkönkulutusdata ei ole riittävän tarkkaa, jotta tässä työssä kyettäisiin paljastamaan mihin sähköä tarkalleen 

kulutetaan. Työssä selvitetään kuitenkin yleiselle tuntikohtaiselle sähkönkulutustiedolle muita käyttökohteita. 

Jatkoselvitystä vaativat kohteet eritellään niihin vastaavien innovaatioiden kanssa. Paljastuu, että yliopiston 

rakennuksissa on tulevaisuudessa mahdollisuuksia usean energiankulutusta vähentävän innovaation käyttöönottoon. 

 

Seuraavassa vaiheessa tehdään tarkempi kartoitus aurinkosähkön tuottamisesta Oulun yliopistolla. Tämän 

kartoituksen tekemiseksi hankitaan dataa auringon säteilystä, sähkön kulutuksesta sekä sähkön hinnasta. Yliopistosta 

tehdään myöskin yksinkertaistettu virtuaalinen malli varjostushäviöiden kartoittamiseksi. 

Aurinkosähköjärjestelmistä tehdään kaksi erilaista skenaariota, jotta saadaan laajempi kuva tuotantopotentiaalista. 

Skenaarioissa selvitetään kyseisen järjestelmän tuotantopotentiaali sekä taloudellinen kannattavuus. Toisen 

skenaarion systeemin koko on 2,2 MWp ja toisen 460 kWp. Kartoituksen tuloksena saadaan selville, että 

aurinkosähkön tuottaminen Oulun yliopistolla on taloudellisesti kannattavaa ja sillä saadaan CO2 päästövähennyksiä 

aikaiseksi. 
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1 INTRODUCTION 

1.1 Background 

Primary energy consumption in the EU increased until 2005, when it reached a turning 

point. Between 2005 and 2014, the use of primary energy in the EU-28 decreased by 

12.3% from 1831 Mtoe to 1605.9 Mtoe. The goal of the EU is to further decrease the 

consumption. By 2020, total primary energy use should be 20% less compared to 2005 

levels. (Eurostat 2014, Eurostat 2015) The EU has also set other goals for the year 2020: 

 The share of renewables in final energy use should increase from 11.8 % (2013) 

to 20% in 2020 (Eurostat 2015, Energy Efficiency Directive) 

o In some countries the goal for this can be higher. For example in Finland 

the goal is set to 38%. (Ministry of Employment and Economy 2015) 

 Greenhouse gas (GHG) emissions should be reduced by 20% from the levels in 

1990 (Energy Efficiency Directive). The EU countries reached these GHG goals 

in 2014. (Eurostat 2016). 

According to the statistics, it seems that the EU countries can reach the goals set for 2020 

(Eurostat 2014). To continue the way of improvement, which was set in the 2020 goals, 

the EU countries set more ambitious goals for the year 2030. These new goals aim at 

further decreasing the GHG emissions, increasing the share of renewables and increasing 

energy efficiency. (EC Energy 2016) 

Changes and improvements have to be done in all sectors to reach the goals that have 

been set. In IEA (2016a p. 44) a call for more building renovations is stated to reach 

energy efficiency goals. According to IEA (2016b p. 93) building renovations offer great 

energy efficiency potential especially in the Nordic regions. In a two degree global 

warming scenario, building energy efficiency renovations account for the biggest CO2 

emission reduction in the Nordic region. The heating demand is responsible for over half 

of a Nordic buildings energy use and the goal is to reduce the demand by half by 2050. 

Also according to Eurostat (2014), building refurbishments are one area, which offer the 

greatest possibilities for energy efficiency improvements.  
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1.2 The FREED project 

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

Resources for innovation in Energy Enterprise Development) project is a part of the NPA 

(Northern Periphery and Arctic) Programme, which is funded by the EU. It is a 

multinational project that is realized from January 2016 to December 2018 with project 

partners from Finland, Northern Ireland, Ireland, Scotland, the UK, Norway and 

Germany. The NPA region with the FREED project partners can be seen in figure 1. 

 

Figure 1.  The NPA programme regions and the FREED project partners. 

 

Providing energy in an affordable and sustainable manner in the NPA region is 

problematic and small and medium sized enterprises (SMEs) in the NPA region struggle 

to access energy innovations. The reason for the issue with SME’s is that they lack 

financial resources and market confidence. The NPA region offers small, dispersed and 

fragile markets which results in a lack of trust from financiers for the SME’s to thrive in 

them. Therefore the required private sector financial resources are not available. 
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The NPA Programme has four priorities:  

1. To use innovation to maintain and develop robust and competitive communities. 

2. To promote entrepreneurship to realize the potential of the program area´s 

competitive advantage. 

3. Foster energy-secure communities through promotion of renewable energy and 

energy efficiency. 

4. To protect, promote and develop cultural and natural heritage. 

FREED will support priority one. To achieve the goal, FREED will develop a service 

which will make it possible for SME’s in the program region to access innovation in 

energy technologies, that otherwise are not available. FREED also includes private 

investment partners that are crucial in the success of stimulating innovation.  

FREED will include local and regional SME’s and local communities in the program 

process. Also the knowledge brokers in the region will be included. These stakeholders 

will help to define the areas of greatest need for innovation within their communities. 

FREED will help to connect the innovations to address these needs. 

1.3 Objective 

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

need for energy innovations in the market sector of public buildings. The aim of this 

research is to aid FREED in mapping out SME’s, which provide energy innovations 

aiding the public sector. The SME’s can then be connected to the stakeholders in need. 

The research questions to be answered are as follows: 

1. How energy is generally used in public buildings, what are the most important 

contributors for energy use in public buildings?  

2. What policies are in place to guide improvement in this market sector and what 

are their goals?  

3. How to gain knowledge about the energy use of a certain building and how this 

knowledge can be used effectively?  

4. What are most relevant areas of recent innovations, which may contribute to 

addressing energy issues in public buildings? 
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5. How energy is used at the University of Oulu Linnanmaa campus and what energy 

innovations could be applied to the location. 

6. Can photovoltaic (PV) electricity be produced at the campus cost-effectively and 

how much can there be produced? 

Chapter two will review the global and European energy use in public buildings. Chapter 

three will describe what policies affect public buildings in Europe and in Finland. Chapter 

four will go through the theory of energy auditing, which will be used in the experimental 

part, when the energy use of the University of Oulu is analyzed. Chapter five will review 

where energy is generally consumed in public buildings and Chapter six answers to the 

question as to how it is provided in the Oulu region. Chapter seven will aim to map recent 

innovations and technologies, which have the possibility to improve energy issues in 

public buildings. 

The experimental part begins with Chapter 8, where the energy use of the University of 

Oulu is reviewed. The data gathered from the review is used to justify and plan an energy 

improvement project. According to the data, photovoltaic electricity production on site 

may have promising possibilities. Therefore in Chapters 9 & 10, the possible production 

of photovoltaic electricity at the university is closer examined. Relevant data about the 

environmental and economic impacts are reviewed and presented. 
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THEORETICAL PART 

2 ENERGY USE IN BUILDINGS 

In a final energy consumption assessment supplied by the European Environment Agency 

(EEA 2015), final energy consumption is divided between households, transport, 

services, agriculture and industry. The report specifies that the services sector, at times 

called the tertiary sector (ADEME 2015), includes business activity buildings, real estate 

and public buildings such as education, public administration and health services. It can 

be seen from the study of Pérez-Lombard et al. (2008), that domestic buildings and non-

domestic buildings have very different characteristics and levels of energy usage. Thus, 

it is important that they are separated in the energy consumption data.  In this thesis the 

energy consumption of a university, which according to literature is a public building 

belonging to the tertiary sector or services sector, is closer examined. 

Buildings are often the biggest users of energy in western countries and the built 

environment is also one of the quickest growing energy end-use sectors globally (Ó 

Gallachóir et al. 2007, Crosbie et al. 2010, Doukas et al. 2007, ADEME 2015). According 

to Lucon et al. (2014) fifth assessment report chapter nine, the global total energy use of 

buildings may double, or potentially even triple, by 2050. This is mostly due to improving 

conditions in developing countries. It must be stated that according to ADEME (2015 p. 

19) the final energy use of buildings in the EU has been decreasing since 2008 at a rate 

of about 0.9% per year, which partly can be accounted for EU wide energy policies. It is 

stated in IEA (2016a p. 44) that global energy efficiency improvements in buildings 

should be 3% annually to negate the growing energy consumption of yearly added built 

area. It is also necessary to improve the energy efficiency in buildings to reduce the 

impacts of rising requirements of necessary thermal comfort, visual comfort and indoor 

air quality. (Doukas et al. 2007) 

Globally residential and commercial buildings accounted for 38% use of final energy and 

accounted for 33% of total CO2 emissions in 2005. In the EU, energy usage in residential 

and commercial buildings accounts for up to 40% of the total CO2 emissions. (Forsström 

et al. 2011)  It is said in ADEME (2015 p. 19) that, in the EU countries, in average, around 
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40% of the total consumed final energy is used by buildings, although there is variation 

by country as can be seen in Figure 2.  

 

Figure 2.  The share of the energy use of residential (households) and services buildings 

in the total final energy consumption in the EU countries in 2014. (Data from 

Eurostat data explorer) 

 

The percentage of the energy use of buildings by country can be seen in Figure 2. It can 

be seen, that generally, residential buildings account for a larger percentage of energy use 

than tertiary buildings. The EU average of the combined energy use of residential and 

tertiary buildings can be seen to be a little under 40%. In Finland, the energy use of 

buildings compared to the total energy use is below the average amount. 

For all buildings in the EU, the average annual specific consumption, which is the total 

amount of energy consumed by the building (Forsström et al. 2011 p. 38), was about 210 

kWh/m2 (ADEME 2015, ODYSSEE). For the services sector the average value is 185 

kWh/m2, whereas for residential buildings the same value is 286 kWh/m2. This specific 

consumption has considerable variation between different European countries, which can 

be seen in Figure 3. (ADEME 2015) 
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Figure 3.  Specific yearly energy consumption values in Europe. (Figure from ADEME 

2015, Data from ODYSSEE)  

 

It can be noted from Figure 3, that Finland has the highest specific consumption value in 

Europe. Due to the northern latitude of Finland, the climate is the coldest of Europe 

(Motiva 2015b). This can be presumed to be the main reason why space heating consumes 

a large percentage of the Finnish energy use of buildings. The other energy consumption 

has smaller deviation from EU countries, but the share is higher than the EU average. 

This may imply that energy efficiency improvements can be done also in areas regarding 

electricity use.  
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3 ENERGY POLICIES 

The goal of energy policy in the building sector is to reduce the energy use while 

maintaining the same or improving standards for the services the building offers (Motiva 

2015a). The reduction in energy use can be achieved by different means. Energy 

management applications can be used to reduce the energy use in operating and working 

practices. Technological applications can be used to reduce energy use resulting from the 

building design, appliances, inadequate control systems and control settings. (Beggs 2009 

p. 124 – 125) 

Regulatory bodies use three different tools to encourage the implementation of energy 

efficient buildings; regulations, auditing and certification (Pérez-Lombard et al. 2009). 

According to a report by Motiva (2015a) on the energy policies in Finland, the key 

policies that in the Finnish private sector result in energy savings are voluntary energy 

efficiency agreements and energy audits. In the household and service sectors, building 

regulations play the biggest role. 

3.1 EU wide policies 

In the EU, national laws regarding energy efficiency are uncommon as EU legislation is 

the major driver in policies and measures. Some EU directives put forward national plans 

such as the Energy Efficiency Directive (2012) activated National Energy Efficiency 

Action Plans (NEEAPs). The most important energy and buildings related EU directives 

are mentioned next. (ADEME 2015 Chapter 2) 

The Energy Efficiency Directive (EED) came into force in 2012 to replace the Energy 

Services Directive and the CHP Directive. The idea of the directive is to establish a 

framework of measures in the EU to achieve a 20% energy consumption reduction by 

2020. There are many provisions for the household and tertiary sectors such as mandatory 

actions placed on existing governmental buildings and their procurement and the 

implementation of real-time monitoring. It also puts pressure on central governments to 

lead by example. (Immendoerfer et al. 2014, Energy Efficiency Directive, ADEME 2015 

p. 48) 
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The Energy Performance of Buildings (EPBD) was renewed in 2010 adding content to 

the old directive that introduced energy certificates and building regulations. The new 

directive introduced concepts such as nearly-zero energy buildings (nZEB). The directive 

states that all new buildings (by 2020) and all new public buildings (by 2018) have to be 

nZEBs. NZEBs should not just be energy efficient but the small amount of energy used 

by them should to a significant extent come from renewable sources. (Energy 

Performance of Buildings, ADEME 2015 p. 54) 

The Eco-Design Directive for energy-related products was adopted in 2009. It is a 

framework directive which unites regulations by the EU commission and agreements with 

manufacturers. Many of the products listed in the directive are used in the services sector 

such as office equipment, heaters, computers and lighting products. (Eco-Design 

Directive, ADEME 2015 p. 57) 

The Renewable Energy Directive (RED) covers large scale and small scale renewable 

energy production. The directive states that EU member states should produce a minimum 

amount of 20% of their final consumed energy by renewable sources by 2020. Sources 

that are listed as renewable in the RED are solar, hydropower, biomass, landfill gas, 

sewage treatment plant gas, geothermal, hydrothermal, wind, aero-thermal, ocean energy 

and biogas (2009/28/EC). The focus is on the local small scale production that is often 

called “renewables-behind-the-meter”. This production on renewable energy lowers the 

energy consumption from the main grid. According to the directive, the member states 

shall adopt their own regulations to increase renewable energy use in buildings. Since 

December 2014 the member states have demanded minimum levels of use of renewable 

energy in new buildings and buildings that are under major renovations. The levels can 

be reached using renewable energy powered district heating. Guidance programs shall 

also be adopted to ease the implementation of renewable energy technologies. 

(Renewable Energy Directive, ADEME 2015 p. 61) 

More EU legislation concerning energy use in buildings is still needed. It is stated in 

ADEME (2015 p. 7) that there is work to be done in building renovation strategies, energy 

certificates and public procurement. Smart meters and informative billing need to be 

backed up by other services, surplus energy produced by renewable energy has barriers 

in selling it to the market and more sectorial policies need to be made to make the 

transformation to a low carbon economy possible. 
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3.2 Energy policies in Finland 

Much of the energy policies of Finland are based on framework set by the EU. Finland 

has a Climate and Energy Strategy, which was last revised in 2013. A new Finnish 

Climate and Energy strategy will be proposed to the Finnish parliament in the end of 

2016. In general, the strategies aim to guide actions to achieve EU goals while 

maintaining economic competitiveness. (Ministry of Employment and Economy 2015) In 

the strategy, it is stated that, because Finland lacks many energy resources available in 

other countries, electricity provision security and reducing the use of hydrocarbons are of 

high importance. The aim of the current strategy is to aid in accomplishing Finland´s EU 

20-20-20 target. The 20-20-20 target means that, by 2020, 20% of the energy in the EU 

should come from renewable sources, the production of greenhouse gases should be 

reduced by 20% and the overall energy efficiency should be improved by 20%. For 

Finland, the goal for renewable energy was set to 38%. Energy efficiency is also of high 

importance in the Finnish energy strategy and the goal is to ultimately reverse the growth 

of final energy use. 

The current Finnish Climate and Energy strategy states, that for Finland to achieve 

increased electricity self-sufficiency in the next decade, the planned nuclear power 

projects are to be finished and renewable electricity generation is to be increased. The 

growth in renewable electricity generation will also help Finland achieve its greenhouse 

gas emission goals. In IEA (2013a p. 23) it is stated that the long term goal in Finland is 

a carbon neutral society and that Finland has planned to cut greenhouse gas emissions by 

80% by 2050.  

Finland also has a National Energy Efficiency Action Plan (NEEAP) and a National 

Renewable Energy Action Plan (NREAP). The original NEEAP was implemented in 

2012 and the third report of the NEEAP progress was released in 2014. The NEEAP 

reports show how the government has implemented actions that were mandated in the 

EED. In the NEEAP 3 report, it is stated that, by 2020, energy savings measures should 

be implemented that result in final energy savings of 21 009 GWh per year. In the building 

sector the NEEAP states that the energy use of public buildings should be monitored and 

there should be active use of the data. The next NEEAP report will be released in 2017. 

(NEEAP 3 report) 
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The NREAP stipulates actions regarding wind power, energy from wood, hydro power, 

heat pumps, transport biofuels, the use of biogas, recycled fuels and solar energy. The 

goal of the measures is to increase the production of these renewable sources and replace 

the use of fossil fuels. The measures include tariff schemes, aid packages, hourly 

metering, tax reforms and energy subsidies. (Finnish NREAP) 
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4 ENERGY AUDITING 

Zhivov et al. (2009 p. 21) defines an energy assessment or an energy audit as an 

inspection, survey or analysis of energy flows in the selected building, process or system 

with the aim of uncovering the energy dynamics of the target. Crosbie et al. (2010) states 

that it can be done on an existing building or on a building design using a simulation. It 

is argued in Beggs (2009 p. 122), that this process must be undertaken before any energy-

saving measures can be done. This means that the current state of the organizations energy 

consumption must be known before any energy issues can be identified and corrected. 

Crosbie et al. (2010) adds that if the target of the analysis consists of multiple different 

buildings, the energy use of each of them can be measured separately.  

Zhivov et al. (2009 Part 1-5) states that an energy assessment should include an analysis 

of the energy streams of the target, an evaluation of existing saving potentials in the target 

and suggestions on an effective utilization of energy. It also says that the standard 

approach is to seek opportunities to lower energy consumption without negatively 

affecting the services. Beggs (2009 p. 123) adds that the issues that require immediate 

attention should be identified as well as the issues that need further investigation should 

be pointed out. It also states that the audit should produce data that justifies possible future 

energy investments. In Ó Gallachóir et al. (2007) it is brought up that substituting fossil 

fuels with renewable energy sources has gained rising importance in energy audits. In 

some cases, the CO2 produced by the energy consumption is also calculated (Ó Gallachóir 

et al. 2007) and there is growing governmental pressure to lower the energy and carbon 

footprint of buildings (Ó Gallachóir et al. 2007 & Agarwal et al. 2010).  

The energy audit should also be able to identify energy-management opportunities, which 

will result in financial savings when taken in use. There is no strong connection with the 

financial investment and benefit in these opportunities and even small investments can 

result in major cost savings. Beggs (2009 p. 124) gives some examples of these low cost 

measures such as investing in small capital items like thermostats or implementing 

policies that encourage the staff to avoid wasting energy. At times bigger investments 

must be made such as installing a building management system (BMS). (Beggs 2009 p. 

124) 
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To make efficient energy management possible, existing energy use must be accurately 

monitored. Analyzing the data allows us to recognize points where improvements can be 

made and what areas should be more accurately analyzed. It should be found out, where 

and how the energy is used. (Zhivov et al. 2009 Part 1-5, Hand et al. 2008) In this BMSs 

are highly useful as they can be used to differentiate separate areas of energy use (Ó 

Gallachóir et al. 2007). Forsström et al. (2011 p. 7) states that if the planned changes in 

the energy use are small scale, it suffices to take into account only the major energy 

streams.  

Energy assessments can be done with varying depth. Beggs (2009 p. 124) describes that 

there are many variations of energy audits, but in general, they can be separated into 

preliminary, targeted and comprehensive audits. The different types may have different 

names in different literature but the main points in the methods are the same. In Krarti 

(2010) they are called utility cost analysis, standard energy audit and detailed energy 

audit and in Zhivov et al. (2009 Part 1-5) they are called the level 1, level 2 and level 3 

assessment. In some papers a prescreening or pre-assessment phase is mentioned (Zhivov 

et al. 2009 Part 1-5, Krarti 2010). Beggs (2009 p. 124) says that the different types are 

separated by the level of detail they offer and the depth of the analysis that is undertaken. 

It adds that it is important to choose the right audit type to accommodate the need. In 

comprehensive audits a detailed analysis of the building is done which requires a large 

amount of time and resources. Beggs (2009 p. 125) brings up that often a more effective 

process is to do a preliminary audit first and then concentrate the resources on the issues 

that are highlighted in it.    

4.1 Preliminary energy audit 

The goal of a preliminary energy audit (Level 1 audit, Utility Cost Analysis) is to measure 

the energy use for each type of energy and find out its related cost. The energy use points 

should also be identified. The main steps are data collection, data analysis, data 

presentation and priority establishing. (Beggs 2009 p. 124 - 126) 

According to Beggs (2009 p. 124 - 126), the relevant data about the facility itself includes 

its geographic location and any distinguishing features. Weather data such monthly 

average temperatures should also be collected. This information can be used in the 
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possible benchmarking of the facility. At this point, different indicators can be calculated 

that aid in the benchmarking (Krarti 2010). Energy invoices are the most important 

sources of data in this phase. When all data from invoices is compiled, it is possible to 

build up a picture of the facilities energy use. The overall energy consumption of the 

target system should be analyzed and the incoming energy streams divided into sub 

streams such as, electricity, gas, oil, district heating, renewable energy and water (Zhivov 

et al. 2009 Part 1-5). If an invoice cannot be supplied from the facility, utility companies 

can be approached to supply the data. (Beggs 2009 p. 124 - 126) 

Beggs (2009 p. 124 - 126) states that a preliminary energy audit is relatively quick and 

uncovers the potential of an energy assessment project. Anomalies can be detected from 

the energy use data to point out further assessment needs. The energy data can also be 

used to determine, if there is a possibility for energy retrofit measures in the facility 

(Krarti 2010). The main goal is obtaining data from energy invoices and use meters for a 

given period. Krarti (2010) states that it is also recommended to perform a walk-through 

survey of the facility at this point to get basic knowledge of the energy systems. Because 

in preliminary audits the analysis is mostly concerned about energy bills and invoices, 

they are sometimes also called financial energy audits. (Beggs 2009 p. 124 - 126) 

4.2 Targeted energy audit 

When energy issues are found out in preliminary energy audits, often targeted energy 

audits are performed. The techniques are much the same used in preliminary audits with 

the difference of having considerably more detail. They provide a more in depth analysis 

and extra data to be used in specific projects. Often installation of new measuring systems 

is required to determine the accurate energy flows. A goal is to find out where, 

specifically, the energy is consumed, so the organization can choose to target specific 

systems such as for example its lighting system. The audit should result in 

recommendations on the actions to be taken.  The difference of the specificity of the 

consumption data of a preliminary and a targeted energy audit can be seen in Figure 4. 

(Beggs 2009 p. 124) 
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Figure 4.  An example of the difference in consumption data gathered in a preliminary 

assessment (left) and a targeted assessment (right). Based on text of chapters 4.1 and 

4.2. 

 

Figure 4 shows the difference in the data gathered in different audits. In the preliminary 

audit the different incoming energy streams are separated by vectors, e.g. what percentage 

of the total use is district heating and electricity. In a targeted assessment a more accurate 

use analysis is often done where the total use is divided between different appliances and 

building functions. 

4.3 Comprehensive audit 

The comprehensive audit is a large scale detailed engineering analysis including 

implementation, performance measurement and verification (Zhivov et al. 2009 p. 25). 

The process is time consuming and in larger facilities may take over a year. Refined 

computer simulation software is often used to evaluate the proposed energy retrofits. For 

the simulation a building information model (BIM) is constructed. According to Schlueter 

& Thesseling (2009), BIMs enable the storing of multiple types of building information 

in the same virtual building model. By building an information model of a building, the 

future energy use difference, caused by design alterations, can be explored (Schlueter & 

Thesseling 2009). The use of these programs often requires high level engineering skills 

and training (Krarti 2010). 
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To fully assess the energy use of a building, vast amounts of information are needed. 

According to Zhivov et al. (2009 p. 32), the information needed before the assessment 

can be done is: 

 Data about the facility. The use of the building, its volume and floor area, year of 

construction and renovations, times of use and the amount of occupants at certain 

times. 

 The water and energy supplier information 

 The price for the electricity, heating and water 

 Data about the metering, what kind of information is available and where the 

meters are situated 

 The energy consumption data yearly and monthly. 

 Information about the structures such as the main structure types and their U-

values. 

 All the possible data that can be gathered about the energy using systems. 

4.4  Energy audit data 

Electricity invoices show the amount of day time and night time electricity use. In new 

hourly based electricity invoices electricity use is divided separately for each hour 

(Fortum 2016). In addition, in medium- and large-sized organizations they often show the 

annual and monthly maximum demand. The unit price and the total price for the used 

energy is shown for peak-use and off-peak use. (Beggs 2009 p. 124) 

Heat meters are used in facilities that utilize district heating. In Northern Europe, heat is 

commonly produced in cogeneration plants. It is supplied by the district heating system 

and distributed to individual buildings by heat exchangers. The water flow rate and the 

temperatures of the water are recorded by heat meters which enables the calculation of 

the total transferred energy. The accuracy of heat meters is dependent on variations in the 

water temperature and flow rate. Especially at low flow rates there can be significant 

differences in the precision of the heat meter. (Beggs 2009 p. 125) 
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Natural gas invoices have less data than electricity invoices. The price of gas is the same 

regardless of time of day. The total consumption and the affiliated cost can be seen 

straight from the invoice. (Beggs 2009 p. 125) 

Site records are often kept when the target is a larger facility or an organization. The 

records can be an important source of data when conducting an energy audit. Especially 

useful are sub-meter readings that can give a more detailed picture of the energy flows. It 

must always be remembered that sub-meters measure sub-flows of energy, they are not 

added to the measured energy flow from the main meters. It is useful to construct 

diagrams where the main meters and sub-meters are situated to avoid making mistakes in 

calculations. (Beggs 2009 p. 125) 

It is stated in Crosbie et al. (2010) that Building management systems (BMS) can be 

viewed as computer systems for either buildings or groups of buildings and they monitor, 

store data and communicate within the computer network. Crosbie adds that BMSs make 

remote management of buildings possible. Wasting energy in the system can be prevented 

as faults can be detected from the combined information fed to the system by the 

temperature meters and occupancy and lighting sensors. Ó Gallachóir et al. (2007) argues 

that the use of BMSs is vital in finding out the real energy performance of a building. 

Specialist knowledge can be needed in the project. According to Immendoerfer et al. 

(2014), when working with historical public buildings, specialist knowledge is helpful in 

learning about the possible barriers in the building retrofitting. Some parts of the building 

may be protected and alterations not be possible.  

4.5 Energy use indicators for buildings 

According to Dale et al. (2013) indicators provide information about the present or 

potential effects of human activity to the studied phenomena. Both the socioeconomic 

and environmental conditions of a system can be assessed with indicators. They can also 

be used to monitor patterns in changes in conditions over time or to provide an early 

warning when changes are happening. (Cairns et al. 1993) 
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4.5.1 Energy efficiency indicators 

Energy efficiency indicators help to assess the energy efficiency of the target and 

differentiate less energy efficient areas and practices from more energy efficient ones 

(IEA 2014a Chapter 2). 

Often energy efficiency indicators are calculated by dividing energy consumption by 

activity data 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟 =  
𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑑𝑎𝑡𝑎
. 

The activity data are selected to represent energy use intensity of a wanted activity. (IEA 

2014a Chapter 2) This idea can be used to derive energy indicators such as specific 

energy consumption (SEC). Here the built area can be seen to represent all building 

activities. The specific energy consumption of a building is used as the traditional base 

for energy efficiency calculations. The concept is to divide energy use by the total built 

area 

𝑆𝐸𝐶 =
𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦

𝐵𝑢𝑖𝑙𝑡 𝑎𝑟𝑒𝑎
, 

where the resulting value is commonly represented in kWh/m2. SEC represents all the 

activities taking place within the built area and the energy that is needed for them. This 

equation can be altered to better reflect the different aspects of energy use. (Forsström et 

al. 2011 p. 35) 

The measured energy consumption (Q), in kWh, is the basis for all the energy indicators. 

It commonly includes the commercially imported energy and, in some cases, local energy 

sources. It is important to consider what is included in Q, as including an energy source 

in it promotes its economization. The factors affiliated to different energy streams can 

also be addressed. Different forms of energy can result in much higher GHG emissions 

or primary energy consumption, when supplying the same final energy use. Because of 

this, a value factor p can be added to each separate energy flow. This value can be set to 

take into account different factors such as monetary, GHG or efficiency of primary 
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energy, depending on the interests of the analyzer. With this information for the energy 

consumption, we end up with the equation:  

𝑄 = 𝑝1𝑄1 +  𝑝2𝑄2 + ⋯, 

where 𝑄𝑖  represent the different energy vectors and 𝑝𝑖  represent the matching coefficient 

values. If energy is produced at the site and leaves the building, its value can be added to 

the total equation as a negative value. (Forsström et al. 2011 p. 38)  

For heating, the factor p can be used to compare targets in different climates. This is done 

by comparing the annual heating degree days of the building to the heating degree days 

of a comparison area. This is important as different climates have a strong effect on the 

necessity of heating energy. The equation is  

𝑊𝑒𝑎𝑡ℎ𝑒𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 (𝑝𝑊) =  

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑎𝑛𝑛𝑢𝑎𝑙 
ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑑𝑒𝑔𝑟𝑒𝑒 𝑑𝑎𝑦𝑠

𝐴𝑛𝑛𝑢𝑎𝑙 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑑𝑒𝑔𝑟𝑒𝑒 𝑑𝑎𝑦𝑠 
𝑒𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔

, 

where standard annual heating degree days is the standard value to which locations can 

be compared to and the annual heating degree days experienced by the building stands 

for heating degree days experienced by the building. Heating degree days are calculated 

either on an hourly or daily basis by calculating the average temperature for the time 

period and comparing it to a reference temperature. If the temperature is lower than the 

reference, the difference is added to the cumulative value for the heating degree days. 

This is done for every day of the year and the total yearly value is obtained. (Beggs 2009 

p. 125)  

In Finland the most used heating degree day standard is S17. In this standard a reference 

temperature of 17 °C is used and when the average daily temperature is lower than this, 

the building is expected to need heating (Motiva 2014). The climate normalization factors 

are provided in Finland by Motiva and they provide the possibility to compare against 

different Finnish regions and the official reference region of Finland (Jyväskylä). (Motiva 

2014) 
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There are many different energy efficiency indicators developed for different needs. They 

take into account different factors and some give more realistic figures about the energy 

use by taking multiple factors into consideration. The choice of the energy efficiency 

indicator should be based on the goal of energy efficiency analysis i.e. what decisions 

gain information from the indicators? The indicators should be a part of the energy 

assessment process seen in Figure 5. (Forsström et al. 2011 p. 43) 

 

Figure 5.  Applying indicators in energy efficiency assessment. (Based on Forsström et 

al. 2011 p. 43) 

 

From Figure 5 the goal of energy indicators in energy auditing can be seen. When the 

goal of the project is known, data related to it can be gathered. Indicators can be calculated 

from this data to show the current state of affairs. This knowledge can be used to improve 

the current state. 

Specific Energy Consumption is a general purpose energy efficiency indicator for 

buildings that can be easily interpreted. Depending on the target, the analyzed building 

area can include the heated area or the total area of the building. The heated area is often 

used if the heating efficiency of the building is to be described. This practice commonly 

also describes better the energy use in the building. SEC is widely used which enables 

comparing the target nationally or internationally. It does not take more specific factors, 

such as utilization rate and quality, into consideration, but it is recommended to be used 

in combination with other indicators. (Forsström et al. 2011 p. 38 - 39) 

Specific Energy Consumption Adjusted for Utilization Rate (SECUR) reflects the 

effectivity of a buildings use. The energy consumption of a building consists of the base 

consumption (heating, ventilation and other continuous energy use) and the consumption 

resulting from use. The base consumption stays the same regardless of the amount of use. 

Thus to achieve maximum energy efficiency in building use the utilization rate must be 
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high as possible. The equation for SECUR is derived from modifying SEC to account for 

building use  

𝑆𝐸𝐶𝑈𝑅 =  
𝑄

𝑢𝐴
, 

where u is the utilization rate of the building. It can be further defined in equation as 

𝑢 =  
𝑇𝑎𝑐𝑡𝑢𝑎𝑙

𝑇𝑚𝑎𝑥
, 

where Tactual is the actual amount of daily use hours and Tmax is the reference amount of 

usage hours. The number for Tmax depends on the use of the building, for example for 

office buildings a Tmax of 24 hours is unrealistic. (Forsström et al. 2011 p. 39 - 40) Tmax 

often is a total yearly usage amount specific for that building type that can be found from 

literature (e.g. for universities in Beggs (2009 p. 107) it is 4250 hours per year i.e. 11.6 

hours per day.). 

Energy Intensity of Usage takes into account the use efficiency of the space at hand. It 

measures the energy used per person hours spent in the building (Tpers) and is defined as  

𝐸𝐼𝑈 =
𝑄

𝑇𝑝𝑒𝑟𝑠
, 

where EIU is measured in kWh/htotal. This indicator is useful when it is to be found out 

how effectively space in the building is used. It is not well comparable with different 

types of buildings and should be also used in combination with indicators about the 

quality of the analyzed space. (Forsström et al. 2011 p. 40) 

Energy Performance Index (EPI) is a benchmarking indicator used to assess the energy 

saving potential of a building. The equation is defined as 

𝐸𝑃𝐼 =  
𝑄𝑎𝑐𝑡𝑢𝑎𝑙

𝑄𝐵𝐴𝑇
, 
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where Qactual is the actual energy use of the building and QBAT is the energy consumption 

of a similar building that applies best available technology. The EPI equation results in a 

numerical value, where a bigger value of EPI results in bigger savings potentials. BAT in 

this context is understood as technology that can be reasonably applied cost-effectively. 

(Forsström et al. 2011 p. 42) 

Forsström et al. (2011 p. 43) states that there are some factors of buildings that would be 

beneficial to be taken into account in indicators, but they are difficult to measure. One of 

those factors is the quality of the work environment provided to the building occupants. 

Defining quality could be a complicated process as it is a combination of many factors, 

such as thermal conditions, air quality, lighting, sonic environment, water quality and the 

quality of the electricity supply. 

4.5.2 Economic indicators 

When improvement suggestions are made in an energy audit, they need to be justified. 

Economic aspects are often important in the decision making progress and different 

economic indicators for project proposals can be made to determine the economic 

potential. Net present value and the internal rate are mentioned in Auvinen et al. (2016) 

to represent well the economic potential of photovoltaic systems. 

Levelized cost of energy (LCOE) indicates the price of electricity, which a system needs 

to operate with, to break even during its lifetime. It analyses economically an energy 

generating system with all of its life time costs. It can be used to analyze the economic 

viability of a PV system in its electricity market. In this work, the equation can be used 

to financially analyze the proposed PV systems. (Huld et al. 2014) The equation for 

LCOE (11.5) is 

𝐿𝐶𝑂𝐸 =  

∑
𝐼𝑡 + 𝑀𝑡 + 𝐹𝑡

(1 + 𝑟)𝑡
𝑛
𝑡=1

∑
𝐸𝑡

(1 + 𝑟)𝑡
𝑛
𝑡=1

, 

where It = Investment expenditures in year t (€) 

 Mt = Operation and maintenance expenditures in year t (€) 
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 Ft = Fuel expenditures in year t (=0 for photovoltaics and wind power) (€) 

 Et = Electricity generation in year t (kWh) 

 r = Discount rate (cost of capital) 

 n = investment period in years 

Net present value (NPV) describes the value of a project calculated by the present value 

of all of its lifetime cash flows. It is often used to indicate the profitability of a planned 

project. The equation for NPV is 

𝑁𝑃𝑉 = ∑
𝐶𝑡

(1 + 𝑟)𝑡
− 𝐶0,

𝑇

𝑡=1

 

where Ct = net cash flow within the period t 

Co = initial investment costs 

r = discount rate 

t = number of time periods  

(Investopedia a) 

Internal rate of return (IRR) measures the discount rate with which the NPV of the 

project is zero. The numerical value of IRR describes the rate of growth on the initial 

investment. Iterations and the same formula as used for the NPV can be used to determine 

the IRR of a project. (Investopedia b) 

4.6 Reporting the audit 

The report of the audit findings should include the potential energy-management 

opportunities. The options that yield the greatest cost savings should be the main focus 

and the opportunities that yield the smallest savings should be in low priority. All 
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opportunities should still be stated with their affiliated cost/benefit calculations. (Beggs 

2009 p. 143) To ensure that the energy conservation measures are undertaken, the audit 

report has to be effectively communicated to the target audience. The main findings and 

suggestions should be laid out in the report in a way that can be easily understood by the 

audience. The common audience for audit reports can be CEOs, administrators, facility 

managers, maintenance staff or controllers. (Thumann and Younger 2008 p. 10) 

According to Thumann and Younger (2008 p. 11) the common structure of the audit 

report contains the following chapters: 

1. Executive summary; a simple description of the current situation, the 

recommended improvements and their advantages. A brief introduction of the 

facility should also be included with the overall conclusions. 

2. Building information; provides a more in-depth description about the facility and 

its mechanical systems. Depending on the audit depth, can include multiple types 

of information about the building such as age, history of renovations, operating 

schedules, the amount of employees, a floor plan, photos and a description of the 

energy systems. 

3. Utility summary; all the relevant invoice data gathered in the audit should be 

included in this section. Charts and graphs can be used to demonstrate the 

consumption patterns of the facility. Benchmarking data and indicators of energy 

use can be included to show how the facility performs. 

4. Energy conservation measures; the measures are listed that can be used to lower 

the energy consumption of the target and meet the selected criteria. Each measure 

should include estimations about its cost, savings and payback time. Other 

measures that did not meet the criteria should be briefly listed. 

5. Operation and maintenance measures; energy management issues are addressed 

in this chapter. Descriptions of the low cost items of the facility that require 

attention. Items that are included reduce energy consumption, focus on existing 

problems or improve traditions.  

6. Appendices; relevant material that cannot be included in the other chapters will be 

included in this part. It can contain any types of information that is relevant to the 

project or the site. 
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5 ENERGY END USE IN PUBLIC BUILDINGS 

Immendoerfer et al. (2014) defines public buildings as buildings either owned by the 

public sector or mainly used by the public. Energy flows incoming to these buildings are 

consumed in different uses. Heating and cooling consume energy directly, indirect energy 

use accounts for lights, appliances, office equipment, refrigeration, cooking and motors 

in pumps and ventilating systems (Forsström et al. 2011 p. 32). Pérez et al. (2008) state 

that in modern buildings the energy consumption especially in Heating, Ventilating and 

Air Conditioning (HVAC) systems is substantial.  Figure 6 shows how the energy streams 

are transformed into useful building services. 

 

Figure 6.  The system boundaries and the energy consumption profile of a building. 

(Based on a figure from Forsström et al. 2011 p. 33) 

 

Guan et al. (2016) researched the energy use at a large, 300 000 m2, university campus in 

Norway. The campus consisted of 24 separate buildings with varying ages. They analyzed 

yearly consumption data for electricity, heating and water. From their research it can be 

seen that the energy use in buildings varies monthly and daily as building occupation 

levels affect especially the electricity and water use of the building. From their research, 

it can be also noted that different campus buildings have very different energy profiles 
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and campus buildings may need separating by their form of use. The energy use of heating 

was found out to be dependent mostly on the outside temperature. It can be concluded 

from the article that the baseline usage for electricity and water can be found using hourly 

metering data because then the energy use with minimum occupation can be observed. 

This baseline energy use consists of the buildings passive systems. The total energy use 

consists of the baseline use and the occupational use and its dependence on time can be 

seen in figure 7. 

 

Figure 7.  The time dependency and total energy consumption structure of a building. 

(Based on Forsström et al. 2011 p. 46) 

 

The added built area of commercial (public and private services) buildings in Finland is 

about 82 million m2 (Forsström et al. 2011 p. 32). In this sector there is a lot of diversity 

on the energy needs depending on the buildings use. Office buildings, together with retail 

buildings, amount to the largest percentage of consumption and release the largest amount 

of CO2. This can be accounted for the growing amount of office space, the use of artificial 

lighting, IT equipment and the increase in the air conditioned area. (Péréz-Lombard et al. 

2008) Bertoldi et al. (2012) released a European Commission report on the energy 

consumption of buildings in Europe. The report presented data on the energy use of 

commercial buildings in the EU-27 countries (Figure 8). 
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Figure 8.  Energy use in 2010 in commercial buildings in the EU-27 countries. (Based 
on data from Bertoldi et al. 2012) 

 

From Figure 8 it is seen that heating accounts for a large portion of the final energy use 

in tertiary sector buildings in the EU. Non-electric and electric space and water heating 

account for about 62% of the energy use. Other notable electricity users are office 

lighting, ventilation and refrigeration. 

5.1 Heating, ventilation and air-conditioning 

Heating is the biggest end-use of energy in buildings (Figure 8). Therefore decreasing the 

amount of energy needed for heating and changing heating technologies to more 

environmentally friendly options is of high priority. Heating in public buildings is needed 

to create comfort for the users, to prevent condensation and in activities like cooking and 

drying (Designing Buildings Wiki 2016).  

Heat for buildings can be derived from different sources. For example fuels can be 

transformed locally to heat using boilers or burners. Electricity for electric heaters and 
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heat pumps or district heat can also be purchased from outside the location. (Figure 9.) 

Heat is also produced by the occupants and the appliances of the buildings. The heat 

leaving the buildings can be recycled back into the building by heat recovery systems. 

(Designing Buildings Wiki 2016) Different energy sources are used for heating in the 

Finnish tertiary sector. District heating is the most common approach (43% of total heated 

area), oil and electric heating each take a share of 22%, around 8% is heated with wood 

and peat and 5% use other sources such as ground heat pumps (Forsström et al. 2011 p. 

32). 

 

Figure 9.  The characteristics of HVAC in buildings. The internal heat flows are 

illustrated by different colors, orange stands for heat and blue stands for cold. 

(Based on a figure from Forsström et al. 2011 p. 33) 

 

Innovative building heating technologies and their impacts are reviewed in an IEA 

Technology Roadmap report from 2011. In the report introduction it is stated that the 

global adaptation of low carbon and energy efficiency technologies can reduce CO2 

emissions by 2 gigatonnes and save 8 257 TWh of primary energy by 2050. The 

mentioned most important technologies to achieve these savings are solar thermal, 

combined heat and power, heat pumps and thermal energy storage. 

According to Designing Buildings Wiki web page cooling in buildings can be divided 

into passive and active cooling. Stated passive cooling technologies include natural 
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ventilation, application of thermal mass, evaporative cooling or devices like shades that 

provide cooling by blocking the sun. 

There are various different technologies that can be used in active cooling. The equipment 

used at the moment in active cooling solutions for buildings consists of compressors, 

cooling towers, pumps and fans; all of which consume mainly electricity (Chua et al. 

2013) although there are also cooling solutions that derive their energy from heat (IEA 

2011, SolabCool 2016). It is proposed in The European Energy Performance of Buildings 

Directive (EPBD) that ventilation and air conditioning systems need higher energy 

efficiency standards (Chua et al. 2013). 

Ventilation is described in Awbi (2003) as providing sufficient amounts of outside air 

into the building to provide oxygen to breathe and lower the concentration of air 

pollutants generated by the occupants, appliances and materials. The process is stated to 

be necessary for both air conditioned and not air conditioned buildings. The air can be 

offered naturally by pressure differences in the building or by machinery. Heating, air 

conditioning and the control of humidity can be combined together with ventilation 

systems. This solution results into the widely used acronym of HVAC systems. (Awbi 

2003) 

Ventilation consumes energy and is also one of the main reasons for heat loss from 

buildings. The problem of heat loss is bolstered due to increasing air quality standards in 

Europe that result in more ventilation. To overcome this problem a part of the internal air 

can be recycled or Heat Recovery Ventilation (HRV) can be applied. In HRV a part of 

the heat in the exhaust air is transferred into the inlet air to preheat it. (El Fouih et al. 

2012) 

5.2 Lighting and other equipment 

The main purpose of lighting in buildings is to provide adequate illumination to make 

performing tasks possible. The illumination can be provided by using daylight or applying 

artificial lighting. Factors that need to be considered when lighting is designed are what 

the tasks are that are performed and by whom are they performed as for example in 

general old people require more illumination than young people (Phillips 2000).  
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When daylight is to be utilized in buildings, window design is the main aspect. Different 

window types, their orientation and shading are aspects that affect incoming light. 

Artificial lighting accounts for about 10% of energy use in the tertiary sector (Figure 8). 

Artificial lighting solutions can be divided into incandescent, fluorescent, high-intensity 

discharge and LED lamps. They all use electricity to produce visible light but achieve this 

with different ways. There is variation in the efficiency in which the electricity is 

transformed into light, incandescent lamps generally being the most inefficient and LEDs 

the most efficient. (American Lighting Association 2014) 

There is also office equipment in tertiary sector buildings that consume energy in the form 

of electricity. These can include computers, monitors, printers, copiers, scanners, 

refrigerators and other office devices (Roberson et al. 2004). Roberson et al. (2004) states 

that there has been continuous growth in the amount of electronic office equipment since 

the 1980s and this has resulted in more growth in the electricity use of office buildings. 

The paper adds that there are standards on energy efficient electronic appliances, such as 

the Energy Star, that aim to reduce the electricity use of these devices.  

When energy efficiency measures are applied, the rebound effect should be accounted 

for. The rebound effect implies that energy saving measures have an effect on the people 

using the devices. It implies that generally people would use the devices more, which 

would lead to reduced energy savings. (Gillingham et al. 2015) 

5.3 Public buildings as trend setters 

Immendoerfer et al. (2014) discusses that public buildings can act as role models in 

achieving smarter cities and lowering the overall energy consumption. They can 

demonstrate to private entities different ways of achieving efficiency. Educational 

buildings are discussed to be ideal environments for low-carbon measures as they capture 

the public’s interest in the related issues. The low carbon technologies (i.e. technologies 

that lead to substantially lower GHG emissions), such as solar panels, can be additionally 

put into educational use. Lowering the energy consumption in public buildings can also 

have the added positive effect of freeing public resources to other purposes. 

(Immendoerfer et al. 2014) 
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5.4 Healthy buildings 

Even though energy saving actions are taken in buildings, it is important not to forget the 

quality of the services that the building offers. Bad living conditions such as damp and 

cold buildings can decrease respiratory health and the mental well-being of occupants 

(Maidment et al. 2014). Fisk (2000) also argues that there is strong evidence that certain 

characteristics in buildings can cause respiratory illnesses, allergies, asthma symptoms 

and other sick building symptoms. Therefore well implemented energy saving measures 

that improve these conditions can also improve occupant health. Maidment et al. (2014) 

did a meta-analysis on thirty six studies involving energy efficiency measures and health 

of occupants. It was found out that, on average, energy efficiency improvements had a 

small but positive impact on occupant health. 

Roulet et al. (2006) mentions criteria that is used to define a sustainable building. The 

criteria includes energy efficiency but also the occupants perceived health, the thermal, 

visual and acoustical comfort and the indoor air quality. The building occupants comfort 

is a result of different aspects. Roulet lists factors such as sufficient amount of natural 

light, satisfaction with the noise from within and outside the building and a comfortable 

temperature. According to Motiva, the most commonly perceived comfortable indoor 

temperature is found to be 20 to 21 degrees Celsius. It is found out in the research 

affiliated to Roulet et al. (2006) that energy efficient buildings can be designed in a way 

that they are also comfortable and healthy to the occupying individuals. 
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6 ENERGY PROVISIONING FOR PUBLIC BUILDINGS IN 

OULU 

The energy consumed in Finland comes from diverse sources (Figure 10.). Both 

renewable and non-renewable sources are used and non-renewable sources account for a 

larger portion of the use. The largest sources of energy are oil, wood based energy sources 

and nuclear energy and the total consumption of energy in 2015 was 361 498 GWh which 

resulted in CO2 emissions of 41 Mt. (Tilastokeskus 2015) 

 

Figure 10.  Total final energy use in Finland divided into energy sources based on 

data from Tilastokeskus (2015). 

 

In the Oulu region the energy is mainly supplied by Oulun Energia. They produce heat 

and electricity in local plants situated in the Oulu area and also purchase some from the 

markets. The heat is distributed via hot water through a district heating system and the 

electricity by the electricity grid. The energy generated in Oulu is produced with 

combined heat and power, a hydroelectric plant, a waste incineration plant and some wind 

turbines (Table 1). The steam produced by the waste incineration plant is used by the 
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Laanila power plant (Pohjolan Voima 2016, Table 1). Oulun Energia also has heat storage 

capabilities and possibilities to provide peak use energy with distributed small scale oil 

boilers (Table 1). (Oulun Energia 2016a) 

Table 1. Energy production in Oulu. (Oulun Energia 2016a)(Pohjolan Voima 2016) 

Plant Technology Energy source 
Produced 

energy 
Generating power 

Toppila power 

plant 1 

Fluidised bed 

combustion 

Peat (65 - 75%) and 

wood (25 - 35%) 

Heat and 

electricity 

Heat (150MW) 

Electricity (65MW) 

Toppila power 

plant 2 

Condensing 

power 

Peat (65 - 75%) and 

wood (25 - 35%) 

Heat and 

electricity 

Heat (170 MW) 

Electricity (120MW) 

Toppila peak 

generation 

boilers 

Oil boilers Oil Heat 90 MW 

Merikoski 

Hydroelectric 

dam 

Hydroelectric 

generators 
Water (Renewable) Electricity 40 MW 

Laanila waste 

incineration 

plant 

Bubbling 

fluidized bed 

combustion 

Municipal solid 

waste (MSW) 
Heat as steam 53 MW 

Distributed 

energy 

production 

plants 

Oil boilers Oil Heat 210 MW in total 

Heat storage 

facility 

Heated water 

storage 

Heated water from 

Oulu region 
Heat 

80MW 

Capacity 10 GWh 

Laanila power 

plant 
- 

Peat, wood and 

steam from the 

waste incineration 

plant 

Heat and 

electricity 

Heat (135 MW) 

Electricity (19 MW) 

 

The electricity and heat are derived from diverse primary energy sources. The electricity 

that Oulun Energia supplied in 2014 to its customers was produced from 20.4 % 

renewable (wood, biomass, water, wind), 38.8 % fossil (peat, coal, natural gas, oil) and 

40.8 % nuclear energy sources. The nuclear electricity is bought from the electricity 
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market as there are no nuclear reactors in the Oulu region. The total supplied electricity 

in 2015 was 2 002 GWh. The company estimates that the carbon dioxide emissions 

resulting from the electricity use of their customers is about 111 g/kWh. The heat that 

was provided to customers in the Oulu regions in 2015 was in total 1 927 GWh. The 

energy sources were peat (55 %), wood (33 %), municipal solid waste (MSW) (9 %) and 

oil (3 %). (Oulun Energia 2016a) 
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7 INNOVATION SCANNING 

According to a 2016 megatrends report by Sitra, there are three prevailing megatrends at 

the moment affecting the world. They are the radical technological change, globalisation 

and breaking the link between the growth of the economy and use of resources and 

energy. Radical technological change including digitalization and emerging energy 

technologies can play a key role in breaking the link between economic growth and 

resource use. For example, the Sitra report states that the price of solar energy is projected 

to decrease by 40% by 2020, which can lead to a more rapid adaptation of solar energy 

production. These new innovative technologies can also be adapted in buildings. 

Baregheh et al. (2009) explores the definition of innovation. In this paper it is stated that 

there is a vast number of different definitions for an innovation and therefore there is no 

clear definition. Thus the paper aims to develop a general definition for an innovation. 

The study uses 60 different sources with different definitions for an innovation to find out 

the most important similarities. A couple of the different definitions can be seen from 

Table 2. 

Table 2. Different definitions for an innovation cited in Baregheh et al. (2009). 

Author(s) Definition 

Thompson 1965 

“Innovation is the generation, 

acceptance and implementation of 

new ideas, processes products or 

services” 

Wong et al. 2008 

“Innovation can be defined as the 

effective application of processes and 

products new to the organization and 

designed to benefit it and its 

stakeholders” 

Kimberly 1981 

“There are three stages of innovation: 

innovation as a process, innovation as 

a discrete item including, products, 

programs or services; and innovation 

as an attribute of organizations.” 

Van de Ven et al. 

1986 

“As long as the idea is perceived as 

new to the people involved, it is an 

‘innovation’ even though it may 

appear to others to be an ‘imitation’ of 

something that exists elsewhere” 
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Baregheh et al. (2009) analyzed the content of statements such as seen above to find out 

what the attributes of innovation are. The attributes are used to derive a new definition 

for an innovation. The proposed definition in the paper states that “Innovation is the multi‐

stage process whereby organizations transform ideas into new/improved products, service 

or processes, in order to advance, compete and differentiate themselves successfully in 

their marketplace.” It is also stated that innovations successfully advance products, 

services or processes. If innovation is the successful exploitation of new ideas, it can be 

separated from product development, as product development does not necessarily lead 

to successful outcomes. In Howells (2005) it is described that the word innovation often 

is wrongly used interchangeably with inventions. Denning (2004) states that innovation 

is the adoption of new practices and invention is simply the creation of something new. 

Where inventing requires only attention to technology, innovating also requires attention 

on other people, what they value or will be able to adopt. In OECD/Eurostat (2005) 

innovation is described as having different possible forms. Innovation can be the 

implementation of a new or improved product, a new marketing method or a new 

organizational method in the business practice of a company. Product and process 

innovations are further defined as being technological innovations. In this thesis an 

innovation is seen as a new/improved product, service or process, which has the potential 

for success in the market. 

According to Noailly (2012) technological innovation can be a key factor in reducing the 

energy use of buildings. Noailly (2012) and Johnstone et al. (2010) both argue that 

environmental policy is an important force pushing energy efficient and renewable energy 

innovation forward. R&D funding is also mentioned as an important factor. The United 

Nations Environment Programme releases a yearly report on renewable energy 

investments. From the report released in 2016, it can be seen that the investments into 

renewable energy sources are growing. Notable is that the year 2016 was the first year 

when investments in developing countries surpassed the investments in developed 

countries. The report stated that the most funded renewable energy research was solar 

panel research (4.5 billion $), wind power research (1.8 billion $) and biofuel research 

(1.6 billion $). 

The global energy requirement of buildings may double or even triple as we approach the 

year 2050. According to Lucon et al. (2014), the final energy use can stay the same to 
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today’s levels or even decrease if best practice methods and technologies are widely 

adopted. It adds that recent technological advancements, know-how and behavioral 

changes can reduce the energy demand of new buildings to a tenth of the standard use 

and a two to four time reduction can be achieved in existing buildings. The report also 

states that all the reductions can be achieved cost-effectively and at times even at negative 

costs. The following chapters will uncover the area of energy innovations related to 

buildings. The technologies included in the chapters can be seen in Table 3. 

Table 3. Some of the important innovative energy technologies reviewed in this chapter. 

Area Technology 

Energy production Photovoltaic (PV) electricity, fuel cells, micro-CHP 

Energy storage 

Electricity: Flow batteries, flywheels, lithium based batteries, 

supercapacitors 

Heat: Phase change materials, thermochemical storage, latent heat storage 

Energy distribution Smart energy networks 

Heating and cooling Advanced heat pumps, solar thermal 

Building structure 

approaches 

Smart windows, new insulation materials, heat recovery systems, LEDs, 

solar lighting, building automation, nanomaterials 

 

7.1 Energy production 

7.1.1 Photovoltaic systems 

PV systems are the most used solar electricity systems. They are widely adopted around 

the world, but as could be seen in Figure 10, only minimal amounts of energy are at the 

moment produced by these systems in Finland. They have many advantages as they have 

no moving parts, use light as fuel, operate at a near ambient temperature and can be easily 

scaled to any size without a change in efficiency. The system itself consists of multiple 

solar cells containing PV modules, combiner boxes, inverters, transformers, mounting 

racks, wiring and enclosures. If the system is connected to a grid, the low-voltage direct 

current is transformed into high-voltage alternating current by combiners, inverters and 

transformers. The operation of the system is based on sunlight illuminating the module. 
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Photons with a high enough energy will be absorbed by the cell and their energy will be 

transferred to an electron and its positive counterpart (Figure 11.).  

 

Figure 11.  Simplified photon absorption in a solar cell. (Based on a figure from MIT 

Energy Initiative 2015 chapter 2) 

 

A panel normally consists of many 15cm cells, that produce around 4 – 5 watts in peak 

illumination (Wp) conditions. Peak illumination conditions are used in rating the different 

electricity production of solar panels and the test conditions are 1000 W/m2 of 

illumination, an air mass (optical path length through the earth’s atmosphere) of 1.5 and 

a standard temperature of 25 °C. (MIT Energy Initiative 2015 chapter 2) 

Different solar cells are based on wafer or thin film technologies, according to their light 

absorbing material. At the moment most commercial PV cells are made from wafer based 

single-crystalline silicon (sc-Si) or multi-crystalline silicon (mc-Si) cells. Silicon modules 

offer maximum light conversion efficiencies of over 20% but in commercial panels the 

efficiency is commonly around 15%. They are reliable, non-toxic and efficient but their 

main weakness is weak light absorption which results in thick absorption layers and more 

use of resources. Gallium arsenide (GaAs) is a compound that is approaching commercial 

markets. It has strong absorption, has a bandgap that fits well to the solar spectrum and 

has very low non-radiative energy-loss. GaAs cells have reached efficiencies of 28.8% in 
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lab conditions and 24.1% in modules. A lack of cost-effective production and sufficient 

film quality are still holding it back. 

Thin film solar cells are produced by additive fabrication. It may reduce the amount of 

used materials and lifecycle GHG emissions. Most commercial thin film technologies are 

based on cadmium telluride (CdTe), copper indium gallium diselenide (CIGS) and 

hydrogenated amorphous silicon (a-Si:H). These materials absorb light very efficiently, 

which results in a thinner absorption layer and a lighter final product. Most thin film 

technologies still suffer from many issues such as low efficiency that inhibit their large 

scale use and need further research and development (R&D). Around 10% of the solar 

cells produced in the world are thin film cells. Nanomaterial based cells are also possible 

for PV installations in the future, but are still under development. Figure 12 illustrates the 

structure of the most common commercial wafer and thin film cells. (MIT Energy 

Initiative 2015 chapter 2) 

 

Figure 12.  Common commercial PV cell technologies. (Based on a figure from MIT 

Energy Initiative 2015 chapter 2) 

 

PV electricity generation systems can be integrated into the built environment to better 

utilize the space. Especially for flat roofs, PV systems can be easily installed onto a 
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building structure. Roofs are increasingly becoming locations for distributed PV systems 

and the MIT Energy Initiative report on the future of solar energy (2015) states that these 

distributed PV systems could for example produce up to 60% of the needed electricity in 

the US in 2050. They are installed on rack mount systems and placed on the roof. They 

offer electricity but also offer shading that can be an important asset especially in hot 

climates. It is important to take into account that PV systems are not installed on roofs 

that have a shorter lifetime than the PV system itself. Flat roofs generally need reroofing 

every 15 to 25 years. (IEA 2013b Chapter 3) 

A new approach is building integrated PV systems where a cheaper less efficient PV cells 

are used to form the roof surface. The intention in this approach is to install the system 

on most of the roof area. The installation is easier and it can lead to a more cost-effective 

PV system. The system does have a down side in hot climates as the roof integrated PV 

cells transfer the solar heat efficiently into the building. The PV cells also reach higher 

temperatures which lead to lower efficiency. (IEA 2013b Chapter 3) 

7.1.2 Micro-CHP 

Distributed heat is widely generated by boilers in Europe. In 2013, 8.6 million small scale 

oil and gas boilers were sold in Europe. Most are sold to the residential sector and around 

7 % are sold to the tertiary sector. Heat pumps and pellet boilers were sold in 0.55 million 

units total. In cogeneration plants (CHP), heat and electricity are both produced efficiently 

in a small scale unit. New innovative technologies have made it possible to apply small 

scale cogeneration in decentralized energy production. This approach, which is called 

micro-CHP, offers possibilities to replace inefficient oil and gas boilers to produce heat 

and electricity. It is estimated by Cogeneration Observatory and Dissemination Europe 

(CODE) in CODE2 (2014) that primary energy savings of 540 PJ per year can be saved 

by replacing residential and tertiary conventional boilers with micro-CHP systems. This 

is the equivalent of 1.1% of the total primary energy use in Europe in 2010. The report 

estimates that growth in micro-CHP systems will begin around 2020 and 3 million micro-

CHP systems will be installed annually in Europe in 2030. The biggest obstacle in micro-

CHP adoption is stated to be the lack of cost competitiveness. Large production amounts 

will make cost competitiveness possible but political will is needed for the market 

transformation. (CODE2 2014) Political change in the EU is already happening as for 

example in Germany a new incentive program was started in 2016. The program 
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subsidizes the replacement of old inefficient boilers with efficient heating technology 

such as fuel cells. The program also includes awareness campaigns. (Build Up 2016) 

In micro-CHP fuel is converted to electricity and heat in a distributed energy network at 

the end-user level. Micro-CHP can be achieved with three technologies: 

 Internal combustion 

o Gas engine 

o Gas turbine 

 External combustion 

o Stirling 

o ORC (organic rankine cycle) 

o Steam engine 

 Fuel cells 

o SOFC (solid oxide fuel cell) 

o PEM FC (proton exchange membrane fuel cell) 

Micro-CHP systems can range from 5 KW residential systems up to 1 MW systems. 

Depending on the technology, different shares of electricity and heat are generated. Solid 

oxide fuel cells offer the greatest electricity production efficiency. Stirling engines can 

offer the greatest overall efficiency of close to 100%. The average efficiency of micro-

CHP is 90% (40% electricity and 50% heat). (CODE2 2014) 

7.2 Energy storage 

The global share of renewable energy is growing yearly as and at the same time the need 

for energy storage is growing as renewable energy production is dependent on the weather 

and the season (Yang et al. 2011). This makes it necessary to produce new innovative 

energy storage technologies that can store the energy produced at overcapacity to be used 

at times of low production. According to MIT Energy Initiative 2015 appendix C, energy 

storage systems can offer other benefits to buildings such as offering backup power in 

case of a blackout. In IEA (2014b p. 9), requirements of different energy storage 

technologies relating to buildings are listed (Table 4).  
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Table 4. The characteristics of energy storage for different energy services relating to 

buildings. (IEA 2014b p. 9) 

Service 
Size 

(MW) 

Duration of 

discharge 

Amount 

of cycles 

Time of 

response 

Output 

energy 

Variable supply 

resource 

integration 

1 - 400 1 min - 1 h 0.5 - 2 /d < 15 min 
electricity, 

thermal 

Waste heat 

utilization 
1 - 10 1 - 24 h 1 - 20 /d < 10 min electricity 

Combined heat 

and power 
1 - 5 min - h 1 - 10/d < 15 min electricity 

Demand shifting 

and peak 

reduction 

0.001 - 1 min - h 1 - 29 /d < 15 min 
electricity, 

thermal 

Off-grid storage 
0.001 - 

0.01 
3 - 5 h 

0.75 - 

1.5 /d 
< 1 h 

electricity, 

thermal 

 

From Table 4 it can be seen that different energy services require storage solutions with 

different characteristics. This leads to a wide range of specific storage options that suit 

certain needs. In IEA (2014b p. 16), key energy storage solutions are assessed and divided 

by their stage of development, risk and storage type. The solutions mentioned in the report 

can be seen listed in Table 5. The report also states that currently there is around 140 

gigawatts of large-scale energy storage in use worldwide. Most of this capacity comprises 

of pumped storage hydropower technologies (99%). Other technologies, such as battery, 

compressed air storage, flywheels and hydrogen storage form the other one percent.  
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Table 5. Key energy storage technologies, which are in use or in development. (Based 

on a figure from IEA 2014b p. 16) 

 

The technologies are listed in Table 5 according to their development stage. It can be seen 

that technologies that have been in use for some time and are affiliated to buildings are 

pit storage (district heating), cold water storage, UTES and residential hot water heaters 

with storage. Technologies that are being adapted are distributed batteries and ice storage. 

Technologies that still need further development are flow batteries, supercapacitors, 

superconducting magnet energy storage, hydrogen storage and thermochemical storage. 

7.2.1 Electricity storage 

Electrical energy can be stored directly as electrical charges in capacitors or via 

conversion into kinetic energy, potential energy or chemical energy (Yang et al. 2011). 

Flow batteries, superconducting magnet energy storage, supercapacitors and other 

Technology Electricity or Thermal storage
Capital requirements x 

Technology risk

Pumped Storage 

Hydropower (PSH) Electricity Low

Pit Storage Thermal Low

Cold water storage Thermal Low

Underground thermal

energy storage (UTES) Thermal Medium

Residential hot water heaters 

with storage Thermal Medium

Compressed air storage (CAES) Electricity Medium

Sodium-sulphur (NaS) batteries Electricity Medium

Ice storage Thermal Medium

Flywheel (low speed) Electricity Medium

Molten salt Thermal High

Lithium-based batteries Electricity High

Flow batteries Electricity High

Flywheel (High speed) Electricity High

Supercapacitor Electricity High

Superconducting magnet energy

storage Electricity Medium

Adiabatic CAES Electricity Medium

Hydrogen Electricity Medium

Synthetic natural gas Electricity Medium

Thermochemical storage Thermal Low

Commercial technologies

Demonstration and deployment

Research and development
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advanced batteries are mentioned in IEA (2014b Electricity storage) as being promising 

technologies at early development. Batteries especially are useful in distributed energy 

storage. They are efficient and scalable. (IEA 2014b Electricity storage)  

There is rapid change happening in battery development and their market at the moment. 

According to the United Nations Environment Programme report (2016), due to the 

growth of the electric vehicle market, battery storage prices have fallen from 1 000 $/kWh 

to 350 $/kWh since 2010. The report states that batteries could be used in the electricity 

grid to even out electricity generation changes and they could act as local storage for 

small scale renewable production. It is stated though, that the price at the moment is still 

too high for many large scale projects. Distributed batteries could act as both long term 

and short term storage. (IEA 2014b Electricity storage) 

Yang et al. (2011) goes more in depth about the future possibilities of chemical energy 

storage in batteries. Especially four technologies of batteries are more closely examined; 

redox flow batteries, Na-beta alumina membrane batteries, unique Li-ion chemistries, and 

lead-carbon combination technologies. These battery types may in the future fit to the 

economic and technological requirements for storing small scale distributed electricity 

production of renewables. The technology needs further improvements and the cost of 

the batteries has to drop for them to be economically viable. There are many companies 

entering the markets with their products in this field.  

7.2.2 Heat storage 

Effectively storing heat could be especially beneficial for co-generation systems, 

renewable powered heating systems and end-users. Applying efficient heat storage to 

buildings could not only reduce the energy consumption but also help in matching energy 

supply and demand. If a building can store heat effectively, the indoor temperature 

differences caused by outdoor temperature fluctuations are minimized. This minimizes 

the use of heating and cooling. Heat can be stored short term for daily temperature 

fluctuations or as seasonal storage for seasonal fluctuations (Sibbit et al. 2012, Soares et 

al. 2013). Heat storage is often applied as sensible heat storage where energy is stored in 

temperature differences in materials. In more advanced technologies heat can be also 

stored as latent heat in phase change materials (PCMs) or thermochemically in 

thermochemical heat storage (THS) (Figure 13.). (Soares et al. 2013, Aydin et al. 2015) 
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Figure 13.  Different heat storage methods and their comparison. (Based on a figure 

from Aydin et al. 2015) 

 

Figure 13 illustrates the energy densities and system temperature ranges for various 

different heat storage compounds. Most PCMs function in temperatures from 40 to 110 

degrees and have maximum energy densities of around 1 000 MJ/m3. Sorption materials 

(e.g. zeolite and silica gel) function in higher temperatures and have better energy 

densities. Two way chemical reactions offer the highest potential for heat storage with 

energy densities up to 10 000 MJ/m3. 

In PCMs, the energy is stored as latent heat and released in the forming and breaking of 

chemical bonds. The material phase change in thermal storage can happen between solid–

solid, solid–liquid, solid–gas and liquid–gas phases. It is said in Sharma et al. (2009) that 

solid-liquid transitions are most favorable as the volume change is small and the latent 

heat is stored effectively. There are three different PCM types, organic paraffin and non-

paraffin materials, inorganic salt hydrates and metallics and eutectic combination 

materials. Compared to the organic compounds, the inorganic compounds have around 

double the volumetric latent heat storage capacity. Sharma et al. (2009) describes that 



55 

PCMs release and absorb heat at their phase change temperature and that they can they 

can store 5 – 14 times more heat per volume than water, masonry or rock.  

Soares et al. (2013) states that an effective way of utilizing PCMs in buildings is by 

incorporating them in the structure in walls, windows, ceilings or floors. The PCMs 

themselves are usually embedded in supporting materials. Phase change materials can 

possibly in the future be incorporated into construction cements as shows in Zhang et al. 

(2013). Soares et al. (2013) describes shape-stabilized-PCMs, which have been studied 

by many authors. In them the PCM is dispersed in a supporting material and together they 

form a stable composite material with PCM properties (Figure 14). 

 

Figure 14.  Different shape-stabilized-PCMs and their appearance as a homogenous 

material. (Soares et al. 2013) 

 

Thermochemical storage materials have even higher energy storage densities than PCMs, 

reaching up to ten times the storage density of PCMs. They also have the possibility to 

store energy for long periods of time with low heat losses. Heat is generated in THS 

materials by sorption (thermochemical) or chemical reactions, which are both reversible. 

In sorption, heat is used to remove a sorbate (gas) from a sorbent (matrix). Chemical 

systems are based on reversible reactions of chemicals. Because of the useful properties 

of THS materials, they are widely researched for practical utilization. (Aydin et al. 2015) 

Sorption systems generally are more suitable for low temperature applications and during 

storage the heat loss is minimal. This leads to the possibility to for example store solar 
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energy in the summer for winter use. During the summer time the system could also be 

used for cooling. An illustration of a THS system can be seen in Figure 15. During the 

charging air is heated with district heat. The hot dried air is fed through the storage leading 

to desorption of water. When more heating is needed in the network, a humidifier feeds 

humid air into the storage system. This leads to adsorption in the storage system and hot 

and dry air exits to be used for heating. (Aydin et al. 2015) 

 

Figure 15.  A THS system in use during a) charging (desorption) and b) discharging 

(adsorption). (Based on two figures from Abedin & Rosen, 2012) 

 

A wide range of materials are researched for THS use and some examples are CaCl2·H2O, 

zeolite, vermiculate, activated carbon and silica gel. THS systems still need development 

on many areas to be commercially viable and need further development on reactor design, 
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materials, humidification processes and regeneration processes. They do though offer the 

potential for effective heat storage. (Aydin et al. 2015) 

7.3 Energy distribution 

7.3.1 Smart grids 

There are multiple issues with the electricity grid we have that need to be addressed. For 

one it is built to be one directional and makes distributed electricity production 

problematic. It is also inefficient as globally, about 8% of the transferred electricity is lost 

in transmission lines and 20% of the capacity exists to only meet the peak demand. In 

addition, the hierarchical grid component topology leads to a chain of events where the 

failure of one subsystem brings the whole grid down. A new type of electricity grid, called 

a smart grid, is developed to address these mentioned issues. (Farhangi 2010) 

According to Louis et al. (2016), smart grids represent the future for the electricity sector 

and their adoption aims at reducing the energy use and environmental impacts of the 

society. Smart grids integrate multidisciplinary aspects and ideas such as a 

communication field, the internet of things, power engineering, control system 

engineering and environmental engineering. The grid structure is changed in a smart grid, 

as is the flow of information. The basic concept difference is that information and 

electricity in a smart grid flow in two ways and the grid is more autonomous to respond 

to changes. While a traditional electricity grid consists of a hierarchical system topology, 

a smart grid consists of multiple micro grids that all can produce, use and store energy. 

This makes the electricity supply more reliable and shortens the distance from supply to 

demand. Information and energy is transferred within and between different micro grids. 

The structural differences between the existing grid and a smart grid can be seen in Figure 

16. (Farhangi 2010) 
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Figure 16.  The structural difference of the existing electricity grid and a smart grid. 

(Based on a figure from Farhangi 2010) 

 

As it can be seen from Figure 16, the networked structure of a smart grid differs greatly 

from the structure of a traditional electricity grid. Information and electricity in a smart 

grid flows in two ways in a digital system. Each micro grid is a self-sustaining system. 

The grid also has self-healing and self-monitoring properties, which enable it to be more 

adaptive. (Farhangi 2010) 

An advantage in smart grids comes from the possibility of minimizing inefficient energy 

production for peak energy use by using energy storage and demand control and 

forecasting. In Persson (2014) utilizing smart grid technologies for district heating was 

described. According to the report, demand peaks in district heating often cause the 

heating companies to temporarily operate additional heat sources. These temporary heat 
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sources can be inefficient and expensive and therefore their use should be minimized. 

Persson (2014) describes a Swedish company called “Noda”, which has developed a 

smart district heating system to minimize heating peaks. The system measures factors 

such as temperatures, pressure levels and mass flows and takes into account weather 

forecasts. The system automation uses this data to manage the demand by prioritizing 

heating needs, preheating the buildings before forecasted peak hours or by postponing the 

heating of certain buildings. Accumulator tanks can also be used which can be filled 

during low demand and utilized in high demand. 

In Lund et al. (2014) electricity grids, district heating and transport are included under the 

same concept of a smart energy system. In this concept separate smart grids for electricity, 

heat and gas are combined to utilize synergies between them, which leads to a better 

overall performance. The integration allows for more optimization on production and 

demand shifts as well as storage options. To make this possible, the information must 

flow between the different smart grid infrastructures. Lund et al. (2014) presents a list of 

studies which say that although district heating systems act an important role in smart 

energy systems and renewable energy utilization, they need to be changed into intelligent 

low-temperature district heating networks that are combined with low-energy buildings. 

This grid concept is defined as 4th Generation District Heating (Figure 17). The lower 

temperature allows the adoption of distributed heating units, better utilization of waste 

heat, and use of renewable energy sources. 
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Figure 17.  The concept of a 4th Generation District Heating grid. (Based on Lund et 

al. 2014) 

7.3.2 Smart buildings 

When electrical grids shift towards smart grids, buildings are fitted with new 

technological features that map and control the energy use. A key concept in smart 

buildings is demand side management (DSM) (Costanzo et al. 2012). The main point in 

DSM is that, by being able to affect the demand in smart buildings real-time, loads could 

be forecasted and consumption could be scheduled which would enable shaving off 

electricity use peaks. Energy management systems can be used to control the electricity 

consumption, smart metering can be installed to enable overviewing the energy use and 

smart electricity plugs can be installed to remotely control appliances. The energy saved 

by the control devices does not necessarily negate the manufacturing and end-use energy 

used to make and dismantle them (Louis et al. 2015a). It was found out by Louis et al. 
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(2015b), that replacing all the electricity plugs of a house with smart plugs did not lead 

to energy savings due to the energy required to manufacture the devices. Smart plugs 

could be more effectively used if they were only applied to high electricity use devices. 

Therefore smart systems in buildings do not necessarily always decrease the energy use 

and consideration should be used when adopting them. (Louis et al. 2015b) 

7.4 Heating and cooling 

Space and water heating account for about 60% of the energy need in public buildings 

(Figure 8). Space cooling accounts for only about 1% but has grown steadily over the past 

decade. Therefore remarkable reductions in energy use can be done by utilizing 

innovations in these areas. New HVAC approaches can be adopted or heat transfer 

between the building and the outer environment can be minimized. In 2010, 65 %, of the 

global space and water heating was generated by fossil fuels. In the following parts, 

technologies are reviewed, that may have a positive impact to energy efficient buildings 

in the future. (IEA 2013b) Three technologies are listed in IEA (2013b) as being the most 

important for heating and cooling improvements in the future: 

 Advanced heat pumps 

 Solar thermal technologies 

 Co-generation systems (fuel cells and micro CHP) and distributed energy systems 

7.4.1 Advanced heat pumps 

Heat pumps account in some International Energy Agency (IEA) scenarios to over half 

of reduced future CO2 emissions from buildings. Heat pumps can provide buildings with 

space heating, cooling and hot water. All of these three services can be provided by one 

integrated unit. Heat pumps are already a mature technology that transfer thermal energy 

from a source to a target space using a vapor compression cycle. The same process can 

be applied for cooling. Traditionally heat pumps use an electric motor to drive the cycle 

but there are now also thermally driven heat pumps and coolers on the market. These heat 

pumps can use low grade heat, such as solar thermal, to drive the vapor compression 

cycle. They bring the possibility to use heat sources, such as solar thermal or district heat, 

for cooling. Traditional heat pumps can reach use efficiencies greater than 250% and 

thermal heat pumps often reach efficiencies of 70 – 120%. Heat pumps have not reached 
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theoretical limits of performance and improvements can still be made. (IEA 2013b, IEA 

2011) 

Many thermal driven heat pumps are of industrial scale (Energy saver 2016), but there 

are also smaller scale products for individual buildings. One example of a small scale 

thermal heat pump can be found on the web site of a company called SolabCool. The 

product of the company utilizes sorption to transform low grade heat (60 – 95 °C) in to 

space cooling. The operation idea of a thermal heat pump can be seen in Figure 18. 

(SolabCool 2016) 

 

Figure 18.  Example of thermal heat pump cooling in a) charging and b) discharging. 

(Based on a figure from SolabCool 2016) 
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The two stage cooling system seen in figure 18 uses heat to drive the cooling process. In 

the charging phase (Figure 18a) it utilizes low grade heat to desorb water from a silica gel 

filled accumulator to a condenser. Heat released from the condensing water is removed 

with the outdoor cooler. In the discharge process (figure 18b), the water evaporates in the 

condenser due to vapor pressure differences to the accumulator and cooling is provided 

as heat is removed from the building due to the evaporation. Thermal heat pumps could 

be used to utilize district heat in the summer time when there is less need for heating. 

Buildings that are already connected to a district heating grid could be cooled with 

minimal electricity use. (SolabCool 2016)  

7.4.2 Solar thermal 

Solar heating and cooling includes a range of technologies that can be active or passive. 

In active solar thermal (AST) technologies the systems collect the radiation of the sun to 

heat a working fluid of a heat exchanger or they can heat directly water that is used. The 

hot water that is created by AST systems can be used for space heating, domestic hot 

water or cooling in thermal absorption cooling systems. Even large thermal load in 

buildings can be supplied by AST systems. China is leading the market in the adaptation 

of solar thermal collectors as in 2010 81.4 % of collectors were sold in China. (IEA 

2013b) 

There are two types of collectors at the moment, glazed and unglazed. Glazed collectors 

retain the heat that is gained from the absorbing components. Unglazed collectors collect 

the heat in polymers or metals and are useful only during the day when heat is supplied. 

In cold areas mainly glazed collectors are useful. Generally two types of collectors are 

used in buildings, flat plate collectors and evacuated tube collectors. Evacuated-tube 

collectors (Figure 19) are especially used in cold climates. They come in different types 

but all offer vacuum insulation for the absorbing system from the cold environment and 

reduce heat loss. (IEA 2013b) 
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Figure 19.  One type of solar thermal evacuated tube collector. (Sustainability 

Victoria 2009) 

 

Solar thermal systems can be coupled with other heating systems such as heat pumps to 

cover for the heating demand that is not provided by the solar system. Thermal storage 

systems can also be added to store the solar heat for times when there is no sunlight 

available. According to IEA (2013b) it can be done at an acceptable cost and is useful in 

climates with prolonged periods of low light. Solar thermal systems can also be used to 

provide district heat. They can provide heat to the district heating system on a seasonal 

timeline in cold climates. Seasonal storage applications, such as underground pits, 

thermochemical storage or boreholes, can be added to provide district heat around the 

year. For example Denmark has taken a determined stance and heats large areas by solar 

thermal powered district heating (Solar District Heating 2016). (IEA 2013b) 

7.5 Building envelope approaches 

The building envelope is essentially the separating element between the indoor and 

outdoor environments. It can consist of various components such as walls, the roof, the 
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building foundation, insulation, thermal mass, shading structures etc. The building 

envelope should aid in controlling the indoor environment conditions and minimize 

energy use. (Jelle 2011) 

7.5.1 Windows 

Heat transfer through windows accounts for about 5 to 10 % of the total energy demand 

of buildings in the OECD countries. They provide multiple functions and the challenge 

in an energy sense is to optimize their heat flow depending on the outside conditions. 

(IEA 2013b) During cold weather the window should retain the heat and let in as much 

solar radiation as possible and in hot conditions it should be able to keep the heat out 

(Long & Ye 2014, Figure 20).  

 

Figure 20.  Behavior of an ideal window (a) in hot conditions and (b) in cold 

conditions (b). (Long & Ye 2014) 
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Figure 20 shows the behavior of an ideal window. In hot conditions outside thermal 

radiation is blocked as is infrared radiation. Only visible light enters the inside space and 

thermal radiation can pass through the window to the outside environment. In cold 

conditions all outside radiation is let through and thermal radiation is reflected back 

inside. In climates with large seasonal variance, such as Finland, windows should be able 

to express both types of behaviors depending on the season. This brings the need for 

windows to be able to adapt to different environmental conditions. 

There are different technologies used with the aim of reaching ideal window conditions. 

In general, these window technologies can be divided into low thermal conductivity and 

solar radiation control technologies. In addition to those properties, windows can also 

have additional functions. (Jelle et al. 2012) (Table 6) 

Table 6. Recent advances in energy saving window technologies. (IEA 2013b, Jelle et 

al. 2012, Long & Ye 2014) 

Technology 
Advanced products in the 

market 
In development 

Low thermal 

conductivity 

Vacuum glazing, aerogel filled 

frames, advanced low-e coatings 

Multilayer vacuum 

glazing, advanced 

aerogels 

Variable solar 

radiation 

glazing 

Smart windows (thermochromic, 

photochromic, electrochromic) 

Smart windows with 

vacuum glazing 

Additional 

window 

properties 

Solar cell glazing, self-cleaning 

glazing, phase change material 

incorporated windows 

Multifunctional 

windows 

incorporating several 

technologies 

 

Table 6 contains recent window technologies that aim to achieve low heat conductivity, 

solar radiation control and add additional functions. Market viable approaches that aim to 

achieve low thermal conductivity are advanced low emissivity coatings (low-e), vacuum 

glazing and aerogels. Incoming solar radiation can be controlled with smart windows and 

additional functions can be added with solar cell glazing and self-cleaning properties. 
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Future products can advance the properties of existing technologies or incorporate 

multiple different technologies in the same product. The main important technologies will 

be described in more detail next. 

Low emissivity coatings are aimed at blocking infrared and ultraviolet radiation from 

passing through the glass. They are typically metal oxides or dielectric-metal-dielectric 

layers. Advanced low-e coating succeed in blocking most of unwanted radiation but 

development is still needed in reducing visible light reflection. In northern climates solar 

energy reflection can be unwanted and low-e coatings counterproductive. (Jelle et al. 

2012) 

At the moment vacuum glazed windows have the same heat conduction as multilayer 

glazed windows. Vacuum glazed windows are though much thinner than multilayer 

glazed windows. There is also research done that predicts that vacuum glazed windows 

could reach much lower heat conduction values by incorporating a multilayer structure. 

Low-e coatings can also be adapted to vacuum glazed windows to further improve their 

characteristics. Current issues with vacuum glazing are thermal expansion issues and 

leaking edge seals. (Jelle et al. 2012) 

Aerogels are open celled mesoporous solids that are extremely light and their volume is 

typically 90-99.8% air. A wide range of material such as silica, alumina, carbon and 

polymers can be used to manufacture them. Products with aerogel glazing have been in 

the market since 2006 and the design consists of polycarbonate panels filled with an 

aerogel. Aerogel products can weigh a fifth of an equivalent glass panel and have an 

impact strength 200 times larger. These attributes combined with their high light diffusion 

make them perfect for skylights in buildings and other locations where a light scattering 

and structural strength is wanted. Advanced aerogels, such as evacuated aerogels, have 

also been shown to reach very low heat conduction values. (Sadineni et al. 2011, Jelle et 

al. 2012) 

Smart windows incorporate switchable reflective glazing, which is a technology that 

allows adjusting the window tint to cool buildings with a large solar gain. Low DC voltage 

(electrochromics), temperature adjustment (thermochromics), hydrogen (gasochromics) 

or light guiding elements (photochromics) can be used to change the light reflection of 

the surface. There are companies in the market that incorporate the technology in new 
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windows and Jelle et al. (2012) mentions a Swedish company that incorporates and 

electrochromic surface on existing windows. (Sadineni et al. 2011, Jelle et al. 2012) 

Solar electricity can be produced on window surfaces by spraying a coating of silicon 

nanoparticles on the glass surface. The coating also inhibits the light from entering the 

building. Therefore more solar electricity production causes less natural inside light. The 

heat conduction values of solar cell glazing resemble those of smart windows. (Jelle et al. 

2012) 

7.5.2 Insulation 

Insulation is one of the most important factors in energy use in buildings as it is found in 

walls, floors, roofs and foundations. The goal of insulation is to minimize the heat flow 

from the inner environment by conduction, convection and radiation (Sadineni et al. 

2011). Decisions on the insulation type should be done based on the insulation efficiency, 

fire and safety standards and material and labor costs. Insulation materials used in 

buildings today include stone fiber, glass fiber, expanded polystyrene (EPS), extruded 

polystyrene (XPS) and polyurethane boards/spray. Old buildings with bad insulation can 

be re-cladded with new insulation to improve their performance or insulation foam can 

be sprayed into the wall cavities. (IEA 2013b Chapter 3) 

Recent developments in insulation are aerogels such as nano-structured silica aerogels, 

vacuum insulated panels (VIPs) and phase change materials (PCMs). They offer far better 

insulation levels than the traditional options but are still hindered by high material costs 

and needs for further development. (IEA 2013b Chapter 3) VIPs are evacuated porous 

materials that are foil-encapsulated. The main issue with them is maintaining the vacuum 

within time. Fumed silica has been proven to function well as a core material. VIPs have 

a very low thermal conductivity which can be five to 10 times lower compared to 

traditional insulation materials (Jelle 2011). PCMs can be used in large scale heat storage 

but also as insulation material that store and absorb heat. There are already products in 

the market (Phase Change Energy Solutions). In buildings they stabilize temperature 

changes and decrease the need for heating and cooling. (Sadineni et al. 2011) 

Nanotechnology can be applied in insulation materials and in the future they may become 

economically viable. In insulation materials, the goal of nanotechnology is to change the 
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pore size of the insulation material into the nano scale. These materials are called nano 

insulation materials (NIMs) and the pore size is between 0.1 to 100 nm. In pristine 

conditions, NIMs can result in even lower thermal conductivities than VIPs. NIMs apply 

the Knudsen effect to reaching low thermal conductivities and thus don’t need vacuum 

conditions. This results in a longer lifetime than VIPs. The Knudsen effect is based on 

conditions where the mean free path of the gas molecules is larger than the diameter of 

the pore, which results the gas molecules inside the pore hitting the pore wall instead of 

other gas molecules. (Jelle 2011) 

7.5.3 Passive solar heating 

Passive solar heating aims to provide thermal comfort by capturing solar energy into the 

structure. Especially in cold climates buildings should be designed to utilize sunlight. 

Passive solar heat gain in Europe is considerable and according to Voss & Wittwer (2013) 

it accounts for about 10 – 15% of the total heat demand. Even though solar heat gain 

accounts for a large portion of renewable energy in total, it is not included for example in 

EUROSTAT heat statistics as solar energy. Voss & Wittwer (2013) mention the reason 

for this is that energy statistics only consider what is on the supply side. As passive gains 

only reduce the actual demand, they are not included in the statistics. Stevanović (2013) 

states that in the EU strategy of nZEBs, passive solar heat gain can play an integral part 

in reducing the demand of active systems providing renewable energy. In France passive 

solar utilization has already been adopted in the national building code (IEA 2013b 

Chapter 3). 

The possibilities for passive solar can be best tested and modified in the conceptual design 

phase of the building. When all structural and environmental attributes are added into a 

simulated model of a building, the passive solar gain of the design can be calculated. 

Changes can be made to the design and using optimization methods the best options can 

be found. Complex simulations are necessary as passive solar takes into account the 

building orientation and form, the insulation of the walls, roofs and floors, the ratio of 

window area to wall area, glazing type of windows, shading etc. (Stevanović 2013) 

There are many ways to maximize passive solar heat gain. Window placing can be 

planned to harness as much of the solar heat radiation during the day as possible. 

Advanced window glazing technologies make it possible to make windows larger without 
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affecting the heat loss. Thermal mass structures can be combined with sunlight 

harnessing. The structures will slowly warm up during the day and release their heat in 

the evening. (IEA 2013b Chapter 3) 

7.5.4 Solar lighting 

In optical daylighting natural light is collected and delivered into a building to provide 

for lighting needs. There are different approaches in how the sunlight is collected and 

distributed such as mirror sunlighting systems, light pipe systems and parabolic mirrors 

or Fresnel lenses combined with fiber optic cables (Kim & Kim 2010, Muhs 2000, Shin 

& Ullah 2014). Light pipe systems are static and don’t react to the suns location as where 

parabolic mirror and Fresnel systems typically need to rotate following the sun. The 

infrared spectrum is also separated in parabolic mirror and Fresnel systems. The spectrum 

of natural light provided by daylighting systems is considerably wider than light produced 

by most lamps and is said to be more enjoyable for building occupants (Muhs 2000, Shin 

& Ullah 2014). The advantage of daylighting systems is based on the fact that they avoid 

transforming the light first into electricity and then back into light in the lamp when 

compared to using solar panels to generate electricity. Collection losses and conversion 

losses are avoided. Losses in daylighting systems are formed in the transportation of light 

into the desired location. The transport losses grow as the light is moved further down the 

building which makes these lighting options best suited for low buildings. (Muhs 2000, 

Kim & Kim 2010) 

7.6 Innovation summary 

In the beginning of this chapter on innovation scanning, an innovation was defined as a 

new/improved product, service or process, which has the potential for success in the 

market. The scanning concentrated on recent technological innovations, which have led 

to new products. It can be seen that most of the innovations reviewed in the innovation 

scanning combine new ideas into old products to bring added value to the product. For 

example combined heat and power (CHP) is an old technology, but when it is applied in 

a small scale to replace inefficient old boilers, the new application is innovative. 

Innovative technologies are often needed in these products to make them viable. An 

example of this are silicon cell photovoltaics, which have until recently been only in 
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limited use. Innovations in production methods have brought the price down and this has 

resulted in a market viable product. 

Some of the technologies outlined in this scanning, such as technologies still in research 

and development, demonstrate areas, which are still in the need for further innovations 

for practical applicability. The original idea can be an invention that in its original form 

still lacks market viability. The invention needs to be combined with a new idea to 

become an innovation and a market viable product. 
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Experimental part 

8 PRELIMINARY ENERGY AUDIT OF THE LINNANMAA 

CAMPUS 

As a part of the FREED project a municipal building was to be audited for its energy use, 

issues and possible solutions. The improvement priorities uncovered in the audit are to be 

used in FREED. The Linnanmaa campus of the University of Oulu was selected to be 

under review. The university was selected because it offered a wide range of different 

aged buildings that would present different energy issues. The issues uncovered would 

therefore represent a wider range of issues present in public buildings. There had also 

previously been co-operation between the department and the university buildings 

provider and the short distance to the target under analyzation would allow for more 

reliable access to data and facility information. The gathered data is analyzed and based 

on the data, improvement suggestions are made. A more detailed plan for a single 

improvement project is then formed, where the potential gains and required financial 

investments are calculated.  

The University of Oulu has an environmental program (University of Oulu 2016), which 

includes energy efficiency planning. The goal of the plan is to reduce the environmental 

impact of the buildings whilst keeping or improving the health and comfort standards. A 

specific plan about energy reduction has at the moment only been done to the 

administrative building. There are though rules and guidelines, which have been set for 

all buildings, that state: 

 To review energy efficiency improvement possibilities when buildings are 

renovated 

 To distribute accurate energy use information to users quarterly for each building 

and twice per year for the whole campus 

 To review the energy use information and to check improvement possibilities 

 To take part in a yearly energy saving seminar week 

 To research the possibilities to produce renewable energy at the campus 
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The aims of the environmental program will be accounted for when selecting an issue for 

further investigation. This way the thesis may provide information, which aids in the 

implementation of the environmental program of the university.  

8.1 Location 

The target to be analyzed was the University of Oulu (Figure 21). The University of Oulu 

is a multidisciplinary research and education university situated in Northern Finland in 

the municipality of Northern Ostrobothnia. It was founded in 1958. It houses around  

16 000 students and 3 000 employees that are divided into ten different faculties. The 

university has three campus areas, one in Linnanmaa, one in Kontinkangas and a separate 

campus area in the city of Kajaani. The main campus at Linnanmaa is the one that will be 

under review in this thesis. The location of Oulu and the location of the campus can be 

seen in Figure 22. (Oulun Yliopisto 2016a) 

 

Figure 21.  An aerial photo of the University of Oulu. (Suomen Ilmakuva Oy 2009) 
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Figure 22.  The location of the city of Oulu in Finland (left) is circled as is the 

location of the campus of Linnanmaa (right). (Google Maps 2016) 

 

The city of Oulu itself is a large city by Finnish standards with 198 525 inhabitants (Oulun 

kaupunki 2015). The location of Oulu is far in the north at the co-ordinates of around 65 

degrees north and 25.30 degrees east. Because of the northerly location, the length of the 

days during the winter and the summer vary considerably. In midsummer around the 21st 

of June the sun sets for less than two hours and on the 21st of December it only rises for 

3.5 hours (Moisio 2016).  Therefore there is plenty of sunlight available during the 

summer but only small amounts available during the winter. The area experiences large 

seasonal temperature variations and the weather in the winter is significantly colder than 

in the summer (Linnanmaa weather station 2016). 

8.2 Characteristics of the buildings 

The University of Oulu consists of different sectors of which most have been built 

separately and have different construction years (Figure 23 & Table 6). The oldest sectors 

were built in the 70s and the newest one in 2004. This leads to the buildings having 

different types of energy profiles depending on the structure, the design and the services 

the building offers. Machinery and appliances such as large research equipment may also 

cause large differences in the energy use of the buildings. 

Data about the energy use was acquired from the building services provider. When 

acquiring the data, it was found out that the services provider already had advanced 

monitoring in place. Advanced monitoring had been installed in 2014 and it enables the 
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hourly monitoring of electricity and district heat use of the university buildings. In 

addition to the total consumption data, the use data was also divided to the different 

university buildings so that individual building consumption could be seen. The services 

provider was already aware of energy efficiency improvement possibilities and had pilot 

energy efficiency projects, such as intelligent lighting, in place. 
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Figure 23.  The Linnanmaa campus buildings divided into different building sectors. 

(Oulun Yliopisto 2016b) 
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As it can be seen in Figure 23, the university building services provider has divided the 

university into separate zones that all have energy measuring in place. The zones have 

been selected as to divide buildings of different construction year into different zones.  

Each of the zones has individual measuring for electricity and district heat. The data 

gathered by the measuring system is sent automatically to a monitoring system from 

where it can be acquired for use. Information about the different university sectors can be 

seen in Table 7. The building sizes are measured in gross square meters (brm2), which 

include all building space such as the walls, hallways, technical rooms and structures. 

Table 7. The different university sectors and information about them. 

Building 

Number 

in the 

map 

Year of 

construction 

Size 

(brm2) 
Use 

Main building 1 1970 - 1977 39 145 

Education, Research, 

Offices, Main 

restaurant 

Machine 

technology 
2 1970 - 1977 18 770 

Education, Research, 

Offices, Heavy 

machinery 

Process 

technology 
3 1970 - 1977 18 130 

Education, Research, 

Offices 

Different 

research groups 

(Under 

renovation) 

4 1980 16 225 

Education, Research, 

Offices, Building 

services 

Museum and 

human studies 
5 1983 12 810 

Museum, Offices, 

Education 

Main library 6 1987 9 280 Library, Offices 

Humanities 7 1992 17 300 
Education, Offices, 

Research 

Administrative 

building 
8 1998 6 000 Offices 

Information 

sciences 
9 2002 

22 200 

Offices, Research, 

Education 

Environmental 

sciences 
10 2004 

Offices, Research, 

Education 
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As it can be seen in from Table 7, the university buildings differ in many ways. They are 

from different times with different construction regulations and techniques. They also 

offer different services although most buildings offer spaces for education. Sectors 9 & 

10 had to be analyzed together due to unavailable data about their individual square meter 

size. It should be noted that sector four is under renovation, which affects the energy data 

of the building which is presented next. 

8.3 Energy data 

To be able to make realistic plans for energy improvements to the university facilities, 

the total electricity use of the buildings at the Linnanmaa campus must be known. For 

this reason, energy data was acquired from the building services provider and was used 

to form a monthly and yearly total of the energy use of the buildings. From the energy 

data that was acquired, it could be calculated that district heat was responsible for about 

61% of the total used energy and electricity was accounted for 39% of the energy used. 

Therefore the Linnanmaa campus uses slightly more energy for heating than what is the 

EU average for public buildings seen in Chapter 5. Using the electricity use data, a graph 

was plotted that displays the electricity use of the buildings and the total electricity use 

(Figure 24).  
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Figure 24.  The electricity use of the university buildings and the total electricity use. 

The total electricity use is plotted on the right side axis whereas the individual uses 

are plotted on the left side axis. 

 

From Figure 24 it can be seen that monthly total electricity use varies at the campus. In 

the summer time there is generally less use and July is the month of the least use of 

electricity. This is understandable as the building occupation levels are lowest due to 

summer holidays for the students and staff. For some sectors such as 9 & 10, 3 and 6 the 

summer holidays have less of an effect on the electricity use. This effect of occupation 

can also be seen in Figure 25, which illustrates the combined hourly electricity use of the 

university buildings in June 2015. 
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Figure 25.  The hourly combined electricity use of the Linnanmaa university campus 

buildings in June 2015.  

 

From Figure 25, it is clear, that the electricity use drops in the weekends. The highest 

levels of electricity use are experienced around mid-day during the week days. In the end 

of the month it can be seen that the daily electricity use starts to drop, which can be 

presumed to occur due to occupants leaving for summer holidays as July is the most 

common month for summer holidays in Finland. The effect of midsummer holidays can 

also be seen on the 19th of June. How electricity is consumed within one day can be seen 

in more detail in Figure 26. 
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Figure 26.  The hourly electricity use at the Linnanmaa campus on the 1st of June 

2015. 

 

From Figure 26 it can be seen that the base electricity consumption of the building is 

around 1 300 kW and the lowest amount of use is in the night. The hourly electricity 

consumption starts to increase around 3 a.m. and starts to decrease after 12 p.m. If the 

value of 1 300 kW is selected to represent the base electricity use, the monthly share of 

electricity use per building base consumption and peak consumption can be calculated 

from the figure 25 data. It is found out that base electricity consumption accounts for 

around 72% of electricity use and peak consumption for around 27% of electricity use. It 

can be speculated based on the consumption profile of public buildings seen in Figure 8, 

that the base electricity use results from lighting, ventilation, servers, refrigerators, pumps 

and other equipment. Figure 26 can be seen as a more realistic presentation of the time 

dependency of energy consumption than Figure 7 shown in Chapter 5. 

Hourly electricity metering at the University of Oulu is well in line with current EU 

directives, which aim to drive the implementation of these devices. The data acquired by 

the hourly meters that are in place is sufficiently accurate to point out electricity use in 

different sectors. This type of hourly metering provides the possibility for electricity 

tariffs based on hourly prices and the data could be used in smart grid functions such as 

peak forecasting and local electricity storage. There is possibly an issue with this type of 

metering though. When the sectors share the same types of activities, this data is not 

adequate to point out use by different activities. The data does not for example show how 

much electricity is used by office computers or by laboratories. This knowledge of 

electricity use by activity could be important as it could point out high demand activities 

and provide data to support investment decisions in energy efficiency upgrades.  

Electricity use metering based on sectors requires experience and knowledge of the 

facility to be able to point out where the differences in electricity use come from and what 

should be done. Even with detailed facility knowledge, only estimates can be done. 

Equations can be found from Säteri and Kalliomäki (2012) to calculate estimates for 

electricity use by different appliances and equipment but knowledge of the amount of 

appliances must be known. Methods should maybe be developed and encouraged by the 

EU that make it possible to measure electricity use by equipment and activity. With 
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activity data it could be also accurately pointed out what activities contribute to base 

electricity use and what activities contribute to peak electricity use. Hourly pricing 

information could possibly be combined with knowledge of high electricity use activities. 

Organizational changes could be implemented that time these high electricity demand 

activities into times of low price electricity. 

The electricity use data shown in this work cannot be used to promote choice over 

different energy efficiency upgrades. The data can though be used to form a plan that 

requires less detailed knowledge about the activities. One plan like this would be local 

electricity production, which requires less specific knowledge about electricity use. 

Knowledge about the total electricity use of the campus is enough for the correct sizing 

of the local electricity production system. 

The heating energy use was also analyzed. The university receives its heating as district 

heat, which is measured. The monthly amount of energy used for heating was plotted on 

a curve to show trends in heating use (Figure 27). The average monthly temperature used 

for the curve was acquired from the year 2015 data of a weather station situated at the 

university location (Linnanmaa weather station 2016). 
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Figure 27.  The energy used for heating in the university buildings monthly during 

one year, the average monthly temperature within that period and a line illustrating 

17 degrees Celsius. 

 

From Figure 27 it can be seen that there are drastic seasonal differences in energy used 

for heating. By looking at the temperature curve in the same figure, it can be seen that the 

changing temperature affects the amount of energy used for heating. The monthly average 

temperature at the university never rises above 17 degrees, under which buildings are 

expected to need heating. There is also a slight disturbance in the data as the renovation 

of sector 4 started in the end of the analysis period for that sector. This can be seen as 

rising heating energy use in the end of the year. How the monthly average outside 

temperature affects the amount of district heat used is closer examined in Figure 28. 
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Figure 28.  The relation of the monthly average outside temperature and the amount 

of used district heat. 

 

From Figure 28 it can be seen that there is a linear trend between the outside temperature 

and the amount of heating needed. For every one degree drop in the average monthly 

temperature, about 170 MWh of heat energy is needed. It should be noted that because 

renovations on building sector four affect the data, it is not completely reliable. It can be 

seen from the trend plot that the Finnish standard for normalizing the heat energy use 

based on outside temperature is correct, as in the Finnish standard buildings are expected 

to need heating at 17 degrees Celsius. The trend plot can also be seen approaching zero 

at 17 degrees. 

When the amount of heating degree days in Oulu in 2015 is compared to the average 

amount of heating degree days in Oulu, it is uncovered that the year 2015 in Oulu was 

warmer than usual (Finnish Meteorological Institute): 
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The correlation above tells us that in 2015 the university needed roughly 20 % less heating 

than average to sustain a comfortable environment. It can be seen from the Finnish 

Meteorological Institute data that most recent years have experienced less than an average 

amount of heating degree days. This has also likely affected the lowered heating need in 

the buildings, a trend revealed by an interview with an employee (Appendix 1). 

Due to the modular design of the university some buildings are adjacent and joined to 

each other. Therefore heat from another building may benefit the one next to it as the air 

flows from a sector to another. The other sectors can also be perceived as providing 

additional layers of insulations from the outside environment. Heat use is less related to 

the activities of the buildings and more related to the total building size and heat loss from 

the walls and windows. Analyzing the data related to heat energy use is possibly not as 

complex as analyzing electricity use but detailed knowledge of the building structures 

and materials is needed. 

The overall energy efficiency can be best observed when the size of the analyzed object 

is taken into consideration. Therefore the specific energy consumption (SEC) for both 

electricity and heating use was calculated for the buildings. This is also a simple way to 

compare the energy use of objects and find out targets for the best potential for energy 

efficiency projects. The different SEC values can be seen in Figure 29. 

 

Figure 29.  The electricity and heating use of the university sectors in 2015 divided by 

their square meter area. 
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The data for sector four can be seen to be in Figure 29 very different from others. It can 

be presumed that because of the ongoing renovation the electricity use is low and heating 

use is high. It can be seen that sectors 1- 3, which were built in the same time and are 

share similar spaces of use, are similar also in their energy use profile. The other buildings 

are built for different purposes in different times and this can be seen in their use profiles. 

The main library (sector 6) uses overall the least amount of energy at the campus. Sectors 

9 & 10 are the newest buildings on the campus and they use less heating than average but 

more electricity than average. Apart from the main library they are the only buildings that 

use more electricity than heat. New types of insulation and windows could result in the 

lower than average heat need and the use of air conditioning could result in the rise in 

electricity use. 

If sectoral data about energy use of universities in general was readily available, SEC and 

other energy indicators of the University of Oulu could be compared to them. However, 

at the moment data about the specific energy consumption of universities was difficult to 

find when it was searched online. As it is stated in Ó Gallachóir et al. (2007) the tertiary 

sector is the sector with the least amount of sub-sectoral energy data readily available. 

This makes the use of some energy indicators problematic as without reference values 

they give little information about the current state of affairs. An EU wide database on 

energy use of different building types would correct this issue but data would have to be 

gathered systematically to form this database. 

8.4 Improvement possibilities 

Although the university buildings were not analyzed in depth in this audit and only easily 

available information was acquired, it can be said that there is potential for energy 

efficiency improvements in many areas at the university. Many of the buildings are old 

and according to the energy data fall far from modern standards such as nZEBs. Due to 

the age of the buildings, they will most likely experience in depth renovations in the 

future. This raises the possibility to make significant energy efficiency improvements by 

adapting best available technology (BAT), such as technologies described in chapter 

seven. These improvements would have the possibility to make the university campus 

more environmentally friendly and lower the monthly energy costs. They could also be 

used to raise the comfortability of occupants. Some of the improvements should only be 
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implemented together with larger renovations and others can be implemented 

individually. To better grasp, which technologies and improvements would be best 

implemented at the university in the future, a table was made (Table 8). The innovation 

priorities are based on information uncovered in the audit and an interview done with a 

Suomen Yliopistokiinteistöt (SYK) employee (Appendix 1). 
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Table 8. Connecting energy innovations to the needs of the University of Oulu. 

 

Energy 

innovation 

priorities 

Innovations available 

Changes required for 

implementation at the 

university 

 

Reducing use of 

heat 

Advanced windows 

(Vacuum glazed, 

aerogel filled) 

Changing of windows 

 

 
 

Heat pumps Installing of heat pumps 

 

Vacuum insulated 

panels (VIPs) 
Structural renovations 

 

Phase change material 

(PCM) insulation 
Structural renovations 

 

Reducing use of 

electricity 

Thermal heat pumps 

(summer cooling) 

Installing of thermal heat 

pumps and heating system 

modifications 

 Solar lighting Structural renovations 

 

More effective 

building 

automation and 

data use 

Smart lighting 
LED lighting, computer 

automation and sensors 

 
Smart heating 

Installing automation and 

sensors 

 

Distributed electricity 

storage 

Installing batteries and 

automation 

 

Producing 

energy on site 

Photovoltaic electricity 
Installing of panels and 

electrical system 

 

Solar thermal 

Installing thermal 

collectors and modifying 

heating system 

 

Micro-CHP 

Installing micro-CHP 

unit, modifying the 

heating system and the 

electrical system and 

adding fuel storage 

 

It was discussed in the interview that windows at the university will be replaced in the 

near future. The possibility to implement innovative window technologies should be 

closer examined. The roof areas of the university are filled with skylights, which at the 

moment let in light inefficiently into a small area. A light scattering element could be 

added to provide more comfortable lighting conditions. In general, heat conduction 
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through windows could most likely be lowered by adapting new technologies. When the 

buildings experience deep structural renovations in the future, a possibility to implement 

materials such as VIPs or PCMs arises. The heat loss through the walls could be lowered 

and the PCMs could aid in stabilizing building temperatures. Solar lighting features could 

also be incorporated into the structure. These improvements are best done together when 

other work on the building structure is in progress.  

SYK had thought about the future use of heat pumps at educational facilities owned by 

them. Heat pumps, both electrical and thermal, require some adjustments to be adapted. 

Thermal heat pumps need connection piping from the central heating system to function 

but would offer reduced electricity use during the summer. If there is a building that needs 

high levels of cooling, the use of thermal heat pumps could be investigated. In reverse, 

electrical heat pumps could be used to lower the heating consumption. A study could be 

done to find out at what district heat prices heat pumps are a more economical option and 

if savings can be achieved with thermal heat pumps. Data about the electricity use by heat 

pumps is needed for the calculation. 

With the use of smart systems both electricity and heat use reductions can be reached. As 

lighting consumes around 10% of the electricity in office buildings, the implementation 

of LEDs with smart lighting functions could have a big impact in the electricity 

consumption. It could be seen by walking around the university that most lights are on at 

times when they are not necessarily needed. Smart lighting is already used at an outside 

parking area and piloted on an inside corridor. In the future the incorporation of smart 

devices could aid in collecting activity based consumption data. The devices would 

collect and send data about their electricity use to form an image of the overall energy 

use. Smart heating at the university is more complex. At present, the temperature of large 

spaces with known patterns of use is controlled and lowered when they are empty. Due 

to irregular use of smaller spaces, innovative approaches are needed for the smart control 

system if the temperature is to be based on space occupancy.  

It was found out in the interview that SYK as a company would like to find more uses to 

the energy data they gather. One application could be electricity storage at the university. 

When the price of storage drops to a competitive level, this technology could be applied. 

Automation could charge the batteries when electricity prices drop under a certain level 

and drain them in times of high price electricity. This would reduce the total electricity 
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costs and make use of the hourly metering at the university. A plan for this type of system 

could be further explored and possibly piloted in one building sector on a small scale. 

Local energy production would reduce the amount of energy purchased by the university. 

A photovoltaic system would lower the purchased electricity, a solar thermal would lower 

the purchased heat and micro-CHP would offer both electricity and heat but would require 

fuel. The electricity peak demand of the university occurs around mid-day, which is also 

the time of the peak PV electricity production. A photovoltaic system could be 

implemented with future roof renovations to offer electricity for the use peaks. A detailed 

plan for the system would only require knowledge of the electricity tariffs and the amount 

of hourly irradiation in Oulu. The possible roof areas for solar panel placing should also 

be mapped. It was uncovered, that roofs from sectors 1, 2, 6 and 7 will be renovated in 

2017 – 2020. The roof areas of these sectors would offer future possibilities for solar 

panel installation and electricity production.  

Solar thermal and micro-CHP could also be implemented but they would require 

modifications to the central heating system. Especially micro-CHP could have interesting 

synergies as the possibility to produce bio gas by digesting the bio-waste from the campus 

has been discussed in the Energy and Environmental Engineering (EEE) research group. 

This gas could be used as fuel for micro-CHP to provide electricity and heat. At the 

moment the university receives all the necessary heat as district heat, which decreases the 

energy efficiency gains from micro-CHP. 

There are many possibilities for energy improvements at the University of Oulu of which 

many require further data or studies to reveal their potential. It may be in the future that 

all renovated buildings in the EU have to be nZEBs. Because of this, it could also be 

investigated if this level of energy efficiency could be economically achieved at the 

University of Oulu and which of the before mentioned technologies should be adapted to 

achieve it. In this thesis a single improvement option is selected under closer examination. 

Evaluating renewable energy production possibilities is mentioned in the environmental 

plan of the university. Because plans for renewable energy production are yet to be done, 

an evaluation done in this thesis may provide input to move such plans forward. The 

electricity data to support the investment decision into PV electricity production is 

available and practical issues can possibly be solved by taking example from multiple 

new large scale PV systems in the Oulu area. 
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9 ELECTRICITY PRODUCED BY A PV INSTALLATION 

The analysis of the electricity use of the University of Oulu buildings promotes the 

planning of a PV electricity generation system. The university buildings use large 

amounts of electricity and there is a strong peak in electricity use, which occurs around 

peak solar radiation during mid-day. The electricity generated by the system would also 

lower the specific energy consumption of the whole campus without assumedly affecting 

other building systems or the health of the occupants. It can be assumed that the panels 

may also have educational properties and raise awareness about renewable energy 

sources. 

To map the possibilities of PV electricity production, different PV panel installations are 

modelled in this work in a 3D model of the University of Oulu. The model is built using 

version 16.1.1449 of a program called “SketchUp” by Trimble Navigation and a 

commercial add-on called “Skelion”, which can be used to simulate solar panel 

installations in the model. The 3D model is used to calculate the most efficient areas for 

solar panel installation with accounting for shading losses and to find out the total panel 

surface area of the installations. Using the solar radiation data, the solar panel surface 

area, the solar panel efficiency and the shading losses, the projected electricity production 

can be calculated. 

9.1 Solar radiation in Finland 

Finland receives around 790 – 1 000 kWh/m2 of solar radiation per year on a flat surface 

(Motiva 2015b). When an optimal angle, facing south 45 degrees vertically in Finland, 

for solar radiation harnessing is used, this value can increase by 20 to 30% (Motiva 2015b, 

Figure 30).  It can be seen from the figure below that Oulu receives slightly less solar 

radiation than cities in the south of Finland. 
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Figure 30.  Yearly solar radiation accumulation in Finland on an optimally inclined 

south-oriented photovoltaic module. (Šúri et al. 2007) 

 

Figure 30 shows the solar radiation map of Finland. It can be seen that in the Oulu area 

the yearly solar accumulation on an optimally inclined surface is normally around 1 000 

– 1 100 kWh/m2. The coastal areas receive more yearly radiation and this can be assumed 

to be because of less overcast weather blocking the sun. Finland receives in general 

similar amounts of radiation as other northern European countries. It can be seen in figure 

31, that the solar radiation accumulation in Finland is comparable to many locations in 

central Europe. 
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Figure 31.  Solar radiation accumulation in Europe on an optimally inclined south-

oriented photovoltaic module. (Šúri et al. 2007) 

 

From figure 31 it can be seen southernmost Europe may receive up to 2 200 kWh/m2 of 

solar radiation. In Finland the radiation levels can be seen to be in similar levels as central 

Germany or the UK. Because Finland is situated far north, there are large seasonal 

differences in the path of the sun (Figure 32).  
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Figure 32.  The sun path chart for the location of Oulu generated in the Skelion 

program. 

 

Figure 32 shows the sun path chart for Oulu, where 90 degrees points to the east and 270 

degrees points to the west. The blue curves show the path of the sun in sample days of 

different months. The highest reaching blue curve represents the chart of the sun on the 

21st of June, when the length of the day is the longest. 

Solar radiation data for Oulu specifically was acquired for this thesis. Solar radiation data 

had been previously acquired by the Energy and Environmental Engineering research unit 

from the Finnish Meteorological Institute and this data was used. The institute provided 

solar radiation data from two measuring points in the vicinity of Oulu, the other in 

Revonlahti (~50 km from the university) and the other in Vihreäsaari (< 10 km from the 

university). The Revonlahti data spanned for nearly nine years from December 2004 to 

May 2012 and the Vihreäsaari data for six years from August 2006 to May 2012. From 

these two measuring points, Vihreäsaari is closer to the university and thus gives a more 

realistic estimate of radiation and was used in this work. The institute solar radiation data 

had been measured on a flat surface and reported hourly and was used to make Figure 33.  
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Figure 33.  The average sum of solar radiation for each day of the year at the 

Vihreäsaari (Oulu) measurement point between the years 2006 to 2012. 

 

The average daily accumulation for each day of the year was plotted from the Vihreäsaari 

data onto the curve which can be seen in Figure 33. To make the curve, an average value 

of accumulated radiation was calculated for each hour of the year. This average year was 

used for the curve. The total yearly radiation was also calculated from this data and it was 

found out to be 933 kWh/m2 per year. It can be seen from the curve that nearly no 

radiation accumulates in the period of Nov – Feb. Radiation starts to reach the surface in 

March and most radiation is received during the summer months. The public solar 

radiation data and the data measured by the Finnish Meteorological Institute confirm the 

assumption that although Oulu receives considerable amounts of solar radiation per year, 

the seasonal differences are vast. Daily radiation was also plotted for five days in the 

beginning of July to see how the daily radiation is divided hourly (Figure 34).  
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Figure 34.  Accumulated hourly radiation from the sun on a flat surface in Vihreäsaari 

(Oulu) on five days in July. 

 

Each separate day in the plot is an average of that day represented in the six year data. 

From this daily data it can be seen that most sunlight is received between 6 a.m. and 6 

p.m. On average a bit more than 0.6 kWh/m2 of radiation is received on a surface hourly 

in the peak radiation hours. This is on average less than what is used as reference 

conditions (Wp ; 1kW/m2) for panel producers in rating their panels. It should therefore 

be noted that on average solar panel systems in Finland don´t reach their reference output. 

9.2 University of Oulu 3D model 

The University of Oulu Linnanmaa campus forms a rather large body of buildings with 

large roof areas. If the potential of these roof areas for PV electricity production where to 

be calculated without simulating, the task would be rather large. The effect of shading 

would also be impossible to find out and could only be estimated. This would lead to 

inefficient panels being placed. Because of these reasons a 3D model was made of the 

University of Oulu to map out the total panel area of the installations and to remove the 

most inefficient panels. (Figure 35).  
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Research was done on the subject and it was found out that a model could be easily made 

in the software called “SketchUp” by Trimble Navigation. The possibilities of the 

software could be further boosted with an add-on called “Skelion”, which could be used 

to test out panel installations in fixed geographic locations and perform performance 

analysis on them. The environmental sciences building, the information sciences building 

and the administrative building were left out of the model. This was due to the lack of 

future renovations on their roofs and the negligible shading effect of these buildings on 

the planned roofs with panel installations. 

  

Figure 35.  The finalized 3D model of the university with all sectors excluding the 

administrative building, the information sciences building and the environmental 

sciences building. The roof areas which are to be renovated in the near future are 

colored in green. 

 

The final model of the university can be seen above. The roof areas that are colored green 

are the ones expected to be renovated in the upcoming years. Separate roof sectors are 

separated by different shades of green to make it possible to differentiate between them. 

This is needed due to the different renovation schedules of different roof areas. The total 
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size of the future renovated roof areas suitable for solar panel placement is a bit over 

50 000 m2. 

To make the model, first the outer borders of the university buildings were drawn based 

on a layout drawing of the university. By knowledge of building structure sizes, this 

layout drawing could be scaled to the accurate realistic size. A computer installed version 

of the satellite imaging software “Google Earth” from Google and measurement were 

used to draw the roof layout onto the existing building image. Google Earth has a feature 

that shows the height of objects compared to the sea level. By comparing this data to 

building drawings it was found out that the data it shows is accurate but rounds up the 

height value to the closest even meter. This meant that the value it shows is at an accuracy 

of 0.5 meters. The constructed model is thus not completely accurate, but this was deemed 

adequate for the preliminary assessment which was being done. The last step was to use 

Google Earth imagery to map out possible panel obstructions and place them in the model. 

Skylights, large air vents, HVAC equipment and other larger obstructions were placed as 

red areas on the roofs. Smaller obstructions such as small air vents were not placed and 

this should be noted if a closer investment plan is to be done. The structural strength of 

the roof areas is also not taken into consideration and could hinder panel placing. 

9.3 Calculating potential electricity production 

Guidelines for calculating electricity production by a PV system are set in construction 

rule set D5 of the Finnish Ministry of Environment by Säteri and Kalliomäki (2012). The 

approach set by the guidelines can be used to calculate the electricity produced by the 

solar panels Wpv (kWh/a). This value can be calculated with the following equation (11.1) 

as 

𝑊𝑝𝑣 =  
𝐺𝑆𝑜𝑙 × 𝑃𝑚𝑎𝑥 × 𝐹𝑢𝑠𝑒

𝐼𝑟𝑒𝑓
, 

where Wpv = Electricity produced by the cell (kWh/a) 

 Gsol = Yearly irradiation received by the cell (kWh/m2a) 

 Pmax = Maximum power output of panel in reference conditions (kW) 
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 Fuse = Use coefficient (Number) 

 Iref = Reference irradiation (1 kW/m2) 

The yearly irradiation received by the cell (Gsol) is further calculated in equation (11.2) 

as 

𝐺𝑠𝑜𝑙 =  𝐺ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙  ×  𝐹𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛, 

where Ghorizontal = Annual irradiation received on a horizontal surface (kWh/m2) 

 Fposition = Correction coefficient for tilt and direction (Number) 

Fposition is calculated on depending on the tilt and the direction of the panels on the 

following equation (11.3) as 

𝐹𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 =  𝐹1 × 𝐹2, 

where F1 = Direction coefficient (Number) 

 F2 = Tilt coefficient (Number) 

The highest value for F1 (1) is achieved in Finland by facing the panels south. The highest 

value for F2 (1.2) is achieved by placing the panels on a tilt of 30° to 70°. (Säteri and 

Kalliomäki 2012) 

The maximum output of a panel in reference conditions, which is needed in equation 

(11.1), is usually provided by panel producers. If necessary, it can be calculated by 

equation (11.4) as 

𝑃𝑚𝑎𝑥 =  𝐾𝑚𝑎𝑥 × 𝐴𝑝𝑎𝑛𝑒𝑙, 

where Kmax = The efficiency of the panel (kW/m2) 

 Apanel = The surface area of the panel (m2) 
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The use coefficient (Fuse) takes into account environmental effects such as the PV cell 

temperature and the loss of energy when transforming from direct current to alternating 

current. The coefficient can be adjusted to also account for shading. This can be done by 

multiplying it by (1 −  (𝐴𝑠ℎ𝑎𝑑𝑖𝑛𝑔 ÷ 𝐴𝑝𝑎𝑛𝑒𝑙)). Ashading is the shaded surface area of the 

panel whereas Apanel is the total surface area of the panel. For panels with slight natural 

ventilation Fuse without shading effects is 0.75. (Säteri and Kalliomäki 2012) 

The losses in new inverters are only around 2% and in addition to the inverters, losses 

also happen in cables (Fraunhofer Institute for Solar Energy Systems 2016). This source 

states that a well-designed modern PV plant only experiences losses of about 10 – 20% 

when all factors are combined. This information will be used to alter equation (11.1) and 

replace Fuse with a value of 0.85, which represents all losses but shading. 

9.4 Cost of a PV system 

According to MIT Energy Initiative (2015) Chapter 4, the price of a PV installation 

depends on its scale. The panels cost around the same amount in Utility scale and 

residential scale (Figure 36) systems, but the associated costs differ. A utility scale system 

is larger than 1 MWp and residential systems are under 10 kWp. Systems between 10 kWp 

to 1 MWp are called commercial systems and their cost structure is a mix of the before 

mentioned. A review of the costs of PV systems was made in the MIT report by acquiring 

pricing data from multiple sources. The review was using American sources but 

equipment and labor prices can be estimated to be the same in Europe. The review was 

made about prices in 2014, which means that the price of the solar panel modules has 

decreased since then and the price of the module must be estimated from a different 

source.  
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Figure 36.  The structure of the price of a utility scale PV system. (MIT Energy 

Initiative 2015 chapter 4) 

 

It can be seen from Figure 36 that on average residential PV systems are nearly double 

the price of utility scale systems. Difference in the inverters, hardware and profit margin 

account for this price per watt dissimilarity. The price of a PV system in Finland is higher 

than the average price around the world (Motiva 2016). For consumers buying the ready 

system as a service, a value added tax (VAT) of 24% is also added to the total price. With 

the added VAT, in 2013, the price of a residential solar panel system in Finland was 20 – 

230 % higher than the global average. According to Motiva (2016), there is a lack of 

knowledge about the price of solar panel systems in Finland but the development of price 

follows that of Germany where PV system prices have dropped drastically. The 

Fraunhofer Institute for Solar Energy Systems (ISE), prepared a report on solar electricity 

in Germany in 2016. In the report it is shown that the price of a 10 kWp to 100 kWp system 

in Germany has dropped to 1 270 €/kWp whereas in the beginning of 2006 the price was 

5 000 €/kWp. 
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A similar PV system as is planned in this thesis was made at the printing house of a 

newspaper called “Kaleva” (Table 9). The printing house is situated in Oulu and the PV 

system was designed and built by the local energy supplier, Oulun Energia. The system 

was finished in August 2015. The same price per watt could be applicable to the planned 

PV system at the University of Oulu. (Oulun Energia 2016b) 

Table 9. The specifications of the PV system at the Kaleva printing house. (Oulun 

Energia 2016b) 

Kaleva system 

Power 400 kWp 

Roof area 3 200 m2 

Panel area 2 400 m2 

Investment before 

subsidies 

600 000 € 

1 500 €/kWp 

Investment after 

subsidies 

400 000 € 

1 000 €/kWp 

 

From Table 9 it can be seen that the Kaleva system reached a low investment cost of  

1 000 €/kWp. This price for the system was reached due to a 30% subsidy from the 

ministry of employment and the economy. To sum up the final cost of the system, the 

operation and maintenance (O&M) costs need to be added. There are multiple factors that 

account for O&M costs in PV systems such as possible panel cleaning, vegetation control, 

critical repairs, active monitoring etc. In total these account for about half of the O&M 

costs and the rest is reserved for inverter replacements. The inverters need to be changed 

every 10 – 20 years and as the lifetime of a PV system can be 25 – 40 years, the inverters 

may need to be changed multiple times. The National Renewable Energy Laboratory 

collects information about the O&M costs of renewable systems. In the latest update from 

February 2016, the listed O&M costs for 1 – 10 MW PV systems were 16 $/kW with a 9 

$/kW standard deviation. For systems smaller than 1 MW, O&M costs are around 19 

$/kW. These values are used with a 33 year system lifetime assumption. (National 

Renewable Energy Laboratory 2015) 
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9.5 Price of electricity 

The market price of electricity affects the economic potential of the PV project. The total 

price of electricity consists of the electricity price, the price of transfer and tax. For Oulun 

energia, customers can use fixed pricing or hourly market pricing. The price of transfer 

for Oulun energia changes depending of the hour of the day. Night transfer is cheaper 

than day transfer. The tax for electricity per kWh is fixed. To find out the average yearly 

growth in electricity prices Figure 37 was plotted. 

 

Figure 37.  The average yearly spot price of electricity in Finland from 2001 to 2015 

(solid blue line) and the electricity growth trend line (dotted line) (Data from Nord 

Pool 2016) 

 

The average yearly prices for electricity were derived from Nord Pool to make Figure 37. 

It can be seen from it that there is a steady yearly growth trend in the electricity price. A 

trend plot was formed and from its equation it can be calculated that the yearly growth is 

about 2.2 %. This value is used in the economic calculations. The price of transfer and 

tax are presumed to follow the growth of electricity price. 
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10 SCENARIOS 

To better assess the possibilities of solar electricity production at the University of Oulu, 

two scenarios are made. Each of these scenarios corresponds to different electricity needs 

at the university. The electricity production of the scenario installations is calculated and 

it is compared to the electricity use of the university. The economic aspects of the 

installations are calculated for fixed and hourly electricity pricing to assess their economic 

potential. In both scenarios the systems are expected to be built in 2017, although in 

reality the larger scenario would be built within four years in several phases. An average 

installation lifetime assumption of 33 years is used. 

10.1 Peak shaving scenario 

In this scenario, the designed photovoltaic (PV) system will be sized to even out the 

electricity use peaks of the campus. The hourly production of the system in ideal 

conditions will be sized as the difference of the baseline use and the peak use. From Figure 

38 both hourly electricity use in June 2015 and average solar radiation in June can be 

seen.  

 

Figure 38.  Hourly electricity use in June 2015 (blue) and average solar radiation in 

June (red). 
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From Figure 38 it can be seen that both peak electricity use and peak solar radiation occur 

at the same time. Ideal radiation conditions are used for the system sizing calculations 

and these occur on the 8th of June when at mid-day a peak radiation accumulation of 0.75 

kWh/m2 occurs. The system will be measured to provide electricity for a baseline and 

peak use per hour difference of 1 667 kWh as this was the average weekday electricity 

peak use difference for June calculated from the data. Equation (11.1) can be altered to 

provide the necessary power output of the solar panel system in this peak use: 

𝑃𝑚𝑎𝑥 =
𝑊𝑝𝑣 × 𝐼𝑟𝑒𝑓

𝐺ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙  ×  𝐹1 × 𝐹2 × 𝐹𝑢𝑠𝑒
 

and when a Ghorizontal of 0.75 kWh/m2 is used with a Wpv of 1 667 kWh and the other 

values all filled in, the necessary peak power output of the system can be calculated. 

Shading losses will be left out at this point as they are accounted for in the simulation 

stage. When this value is calculated, the solar system receives a peak power output of 

2180 kWp. Figure 39 shows the amount of monthly purchased electricity with a PV 

system of this size in place. 

 

Figure 39.  The hourly purchased electricity of the campus in June 2015 with a 

designed 2180 kWp photovoltaic system in place (blue) and without the system 

(red). 
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electricity use is experienced the demand drops momentarily close to zero or even surplus 

electricity is produced. The total amount of produced electricity for a system of this type 

would be around 416 MWh for this sample month and the yearly production would be 

around 2 080 MWh. When looking at the figure above, it is good to remember that average 

radiation from several years was used in calculating PV electricity production. In reality 

the curve showing the need for purchased electricity would be less stable, with the 

production curve experiencing rapid ups and downs due to changing solar radiation 

conditions. 

To find out if a system of a size of 2 180 kWp can be practically implemented at the 

university, the system is modelled in a simulation. The installed panels are separated into 

groups in the simulation. Each separate roof area is a different group. Shading losses are 

calculated for each group and the total peak power output for the system after shading 

losses will be 2 180 kWp. Panels experiencing a yearly shading loss of over 10% will be 

removed from the model. A panel of a German producer called Centro solar will be used 

for the modelling as the company is one of the largest producers of high quality panels in 

Europe. The model panel has a high module efficiency of 17.8 %, weighs 18.5 kg and is 

of monocrystalline silicon technology (Centro solar 2016). 

Panels were placed onto the roof of the 3D model, shading simulations were run and the 

most inefficient panels were removed. This cycle was repeated until the required peak 

power output was reached. The final model of the university PV system was formed 

(Figures 40, 41 & 42) and data was produced by the model and shading calculations 

(Table 10 & Table 11). 



107 

 

Figure 40.  The solar panels on the university model in the peak shaving scenario. 

 

Figure 40 shows us that the panels require a large share of the university roof areas, 

although there are still roof areas awaiting renovations that are not covered by panels. 

The PV system covers an area of around 27 400 m2. There are also areas without panels 

on the selected surfaces. These are the areas where the placed panels went over the 

maximum experienced yearly shading percentage of 10%. Because the panels are situated 

on roof areas of all of the sectors the construction of the system would in real life take 

place in steps. The panel systems on sectors one and two would be built first in 2017. The 

building of the panel systems on sectors six and seven would follow in 2019 and 2020. 
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This would lead for the possible benefit of splitting the initial investment costs over 

several years. For the means of simplifying calculations, the economic assessments on 

this scenario are done with the presumption that the systems would be built in the same 

year. In Table 10 the basic information about the system can be seen. 

Table 10.  Information about each panel group on the model. 

Group 
Number of 

panels 

Power 

(kWp) 

Weight 

(kg) 

Yearly 

shading 

loss (%) 

1 137 39.73 2 535 4.34 

2 153 44.37 2 831 4.37 

3 133 38.57 2 461 4.67 

4 228 66.12 4 218 3.57 

5 80 23.2 1 480 3.18 

6 80 23.2 1 480 3.12 

7 144 41.76 2 664 4.92 

8 154 44.66 2 849 4.22 

9 74 21.46 1 369 3.81 

10 394 114.26 7 289 5.59 

11 795 230.55 14 708 4.68 

12 310 89.9 5 735 2.58 

13 160 46.4 2 960 4.56 

14 157 45.53 2 905 4.33 

15 116 33.64 2 146 4.73 

16 103 29.87 1 906 4.71 

17 534 154.86 9 879 6.29 

18 80 23.2 1 480 3.44 

19 81 23.49 1 499 3.48 

20 683 198.07 12 636 8.23 

21 185 53.65 3 423 4.75 

22 1165 337.85 21 553 5.71 

23 97 28.13 1 795 4.27 

24 333 96.57 6 161 3.01 

25 405 117.45 7 493 4.98 

26 419 121.51 7 752 4.3 

27 131 37.99 2 424 4.69 

28 129 37.41 2 387 5.35 

29 155 44.95 2 868 4.78 

 

Table 10 shows information about each panel group, the amount of panels, the peak power 

in reference conditions, the weight of the installation and the average yearly shading loss 
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of the group. Each panel group is simulated separately so that the panels in the group are 

connected in series. The combined power of the system is 2 208 kWp, which is a slightly 

bigger value than the planned system of 2 180 kWp. The panel groups can be seen to 

weigh multiple tons, but this is spread to a large area, as can be seen from Figure 41. The 

figure shows a more detailed image of panel group four, which is located above one of 

the main lecture halls of the university. 

 

Figure 41.  A picture of panel group 4, which contains 228 panels. 

 

Because the panels were chosen to be placed in a 30 degree angle, a 2 meter gap is left 

between panel rows to minimize shading. A smaller angle for the panels could be selected. 

This would lead to decreased efficiency, but the gap between the rows could be decreased 

without shading losses, which would lead to a greater amount of panels being placed to 

the same roof area. A close up picture of a panel row can be seen in Figure 42. It also 

illustrates the 2 meter gap between the panels and the angle of the panels. 



110 

 

Figure 42.  A close up image of a panel row. There is a 2 meter gap between the rows 

and the panels are in a 30 degree angle. 

 

The software also produced monthly shading derations, which are more useful in the 

calculations than the average yearly shading losses show in the table above. A weighted 

average of the shading value was calculated for each month for the whole system (Table 

11). 

Table 11.  The weighted average of the system shading losses for each month (%). 
 

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

loss (%) 62.66 22.01 4.27 1.32 0.59 0.42 0.55 0.83 2.25 9.65 63.92 81.01 

 

In Table 11 the shading percentages of the panel groups can be seen. It can be seen that 

the shading is mostly notable in the months of less light, when the sun only rises slightly 

over the horizon (Nov – Feb). The shading during the summer months is small as 

buildings obstruct less of the solar radiation now coming from a higher angle. This can 

be also seen in the weighted average shading value of the system (%). This value was 

calculated by taking into account the ratio of the amount of panels in a group to the total 

panel count, when calculating the average. This shading value can be used when the 

hourly/yearly production of the system is calculated, although it does not give exact 

realistic results as it is a monthly average. The radiation of the sun changes hourly, which 

means that an hourly shading value should be used for realistic results. 
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The money saved in electricity costs by the system can be calculated by using hourly 

pricing or fixed pricing. Fixed pricing is calculated in more detail for this scenario as there 

was a lack of data for the closer examination of hourly pricing. The hourly pricing data 

for 2015 was gathered from the web page of Nord Pool and the electricity tax and transfer 

price were taken from the web page of Oulun Energia. The electricity tax is 0.0279 €/kWh 

and the transfer price is 0.0279 €/kWh during the day (07 – 22) and 0.0171 €/kWh in the 

night (22 – 07). For the fixed price, the average electricity price of 2012 (0.105 €/kWh) 

was used. (Oulun Energia 2016c & NordPool 2016) 

10.1.1 Hourly pricing 

When analyzing electricity pricing data, it can be seen that at least for one sample month, 

hourly electricity pricing is cheaper than fixed pricing (Table 12). Some simplifications 

had to be done because hourly usage data was available for only one month, which 

enabled the hourly price analyzation of only this sample month. Also, in reality fixed 

electricity tariffs are commonly based on daytime and night time electricity but an average 

electricity price was used in the calculations.  

Table 12. Comparison of hourly and fixed electricity pricing with and without a 2.2 MWp 

photovoltaic system. 

June 2015 Price structure 

Total 

electricity cost 

without PV 

system (EUR) 

Electricity 

cost with PV 

system 

(EUR) 

Percentage of 

decrease in 

electricity cost 

(%) 

Hourly 

pricing 

Electricity spot price 

+ (day/night time)  

transfer + tax 

101 131 65 874 34.9 

Fixed 

pricing 

Electricity price + 

(day/night time) 

transfer + tax 

138 298 93 094 32.7 

 

As it can be seen from Table 12, at least for this sample month and the data used, hourly 

pricing is considerably cheaper than fixed electricity pricing. The total cost of electricity 

with hourly pricing for the sample month is 27 % less than with fixed pricing An average 

fixed price of electricity of 0.1071 €/kWh was used. It can be seen that a PV system 

produces more economic value with a fixed pricing scenario due to higher electricity 

prices. It must be noted however that when hourly pricing is used, a larger percentage of 
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decrease in the electricity costs is achieved. This gives implication that solar electricity is 

produced in the times of higher electricity prices when the demand for electricity is high. 

Solar electricity may have strong potential to answer to this peak demand. Due to the lack 

of further hourly electricity usage data, further calculations are not done in this thesis. A 

more in-depth study of several years of data would be needed to make realistic economic 

calculations. 

10.1.2 Fixed pricing 

When doing a financial analysis with a fixed electricity price, first the yearly production 

with the monthly shading values needs to be found out. This yearly production can be 

used in forecasting future production. The yearly production is calculated in Table 13. 

Table 13.  Monthly produced electricity and its economic value in 2018. 

Month 

Electricity 

produced by 

PV system 

monthly 

(MWh) 

Electricity produced 

by PV system 

monthly after 

shading (MWh) 

Value of 

produced PV 

electricity (EUR) 

January 9.6 3.6 411.2 

February 50.7 39.5 4 524.1 

March 148.6 142.2 16 287.4 

April 253.6 250.2 28 652.7 

May 371.6 369.4 42 292.5 

June 421.6 419.8 48 068.1 

July 363.3 361.3 41 369.4 

August 275.4 273.2 31 275.8 

September 140.7 137.6 15 751.1 

October 53.4 48.2 5 521.1 

November 12.0 4.3 496.7 

December 2.7 0.5 59.0 
 Yearly total 2 050 234 709 

 

From Table 13 it can be seen that around 2 050 MWh of electricity are produced in the 

first year of the system after applying shading. This accounts for an economical value of 

234 709 €, when a price of electricity of 0.1145 €/kWh is used. If a system lifetime of 33 

years is expected, the price increase of electricity and the efficiency degradation of solar 

panels has to be accounted for. A 0.1 % yearly decrease in efficiency for the solar panels 
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is applied as this is stated as the degradation in Kiefer et al. (2010). A 2.2 % yearly 

increase in the electricity price is used. 

If the Kaleva case is used as an example for the investment price, the price of the 

installation will be 1 000 – 1 500 €/kWp, if a possible 33% subsidy is received from the 

Ministry of employment and the economy. Thus the initial investment of the project will 

be  

2 208 𝑘𝑊𝑝 × (1 000 − 1 500 
€

kW𝑝
) = 2.208 − 3.312 𝑀€. 

All the relevant financial data is to be gathered for the economic calculations. These are 

the value of the electricity produced for each lifetime year, the investment costs and yearly 

operations and management costs. These can be seen in the following Table 14 where the 

PV system is expected to be built in 2017. 
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Table 14. The necessary information for economic calculations of the PV 2.2 MWp 

system. 

Year 

Electricity 

produced 

(MWh) 

Price of 

electricity 

Value of the 

electricity 

(EUR) 

Investment 
O&M 

costs 

Electricity value 

- O&M 

2017 0 112.1  2 208 000 - 
3 312 000 

  

2018 2 049 114.5 234 650 0 32 016 202 634 

2019 2 047 117.0 239 573 0 32 016 207 557 

2020 2 045 119.6 244 598 0 32 016 212 582 

2021 2 043 122.2 249 730 0 32 016 217 714 

2022 2 041 124.9 254 968 0 32 016 222 952 

2023 2 039 127.7 260 317 0 32 016 228 301 

2024 2 037 130.5 265 778 0 32 016 233 762 

2025 2 035 133.3 271 354 0 32 016 239 338 

2026 2 033 136.3 277 046 0 32 016 245 030 

2027 2 031 139.3 282 858 0 32 016 250 842 

2028 2 029 142.3 288 792 0 32 016 256 776 

2029 2 027 145.5 294 850 0 32 016 262 834 

2030 2 025 148.7 301 035 0 32 016 269 019 

2031 2 023 151.9 307 351 0 32 016 275 335 

2032 2 021 155.3 313 798 0 32 016 281 782 

2033 2 019 158.7 320 381 0 32 016 288 365 

2034 2 017 162.2 327 102 0 32 016 295 086 

2035 2 015 165.8 333 964 0 32 016 301 948 

2036 2 013 169.4 340 970 0 32 016 308 954 

2037 2 011 173.1 348 123 0 32 016 316 107 

2038 2 009 176.9 355 426 0 32 016 323 410 

2039 2 007 180.8 362 882 0 32 016 330 866 

2040 2 005 184.8 370 494 0 32 016 338 478 

2041 2 003 188.9 378 266 0 32 016 346 250 

2042 2 001 193.0 386 202 0 32 016 354 186 

2043 1 999 197.3 394 303 0 32 016 362 287 

2044 1 997 201.6 402 575 0 32 016 370 559 

2045 1 995 206.1 411 020 0 32 016 379 004 

2046 1 993 210.6 419 643 0 32 016 387 627 

2047 1 991 215.2 428 446 0 32 016 396 430 

2048 1 989 220.0 437 434 0 32 016 405 418 

2049 1 987 224.8 446 610 0 32 016 414 594 

2050 1 985 229.7 455 979 0 32 016 423 963 
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From Table 14 we can see the assumed electricity production and its value with the 

expected electricity price. The O&M costs are divided evenly for the lifetime of the 

project. The O&M costs include large maintenance tasks such as inverter changes. The 

economic factors can be combined to get the yearly expected profit. The information in 

the table can be used in the calculation of the net present value (NPV), the internal rate 

of return (IRR) and levelized cost of energy (LCOE) (Table 15).  The discount rate of the 

calculations depends on the source of funding. In Huld et al. (2014) a 5% discount rate is 

used in LCOE calculations as it is in the upper end in the data for long term interest rates. 

It is mentioned though that the European average for bonds excluding high risk bonds is 

below 3%, which means that the 3% value is selected to be used in the following 

calculations. 
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Table 15.  Economic indicators for the fixed price scenario of the 2.2 MWp system if a 

30 % subsidy is received. 

Year Cash flow 
(EUR) NPV (EUR) IRR LCOE 

(EUR/kWh) 

2017 -2 208 000    

2018 202 634 -1 952 687 -91 %  

2019 207 557 -1 762 743 -64 % 0.555 

2020 212 582 -1 573 867 -44 % 0.375 

2021 217 714 -1 386 065 -30 % 0.285 

2022 222 952 -1 199 346 -20 % 0.232 

2023 228 301 -1 013 716 -13 % 0.196 

2024 233 762 -829 182 -8 % 0.170 

2025 239 338 -645 749 -5 % 0.151 

2026 245 030 -463 424 -2 % 0.136 

2027 250 842 -282 210 0 % 0.124 

2028 256 776 -102 113 2 % 0.114 

2029 262 834 76 864 4 % 0.106 

2030 269 019 254 718 5 % 0.099 

2031 275 335 431 444 6 % 0.093 

2032 281 782 607 042 6 % 0.088 

2033 288 365 781 507 7 % 0.084 

2034 295 086 954 839 8 % 0.080 

2035 301 948 1 127 036 8 % 0.076 

2036 308 954 1 298 096 9 % 0.073 

2037 316 107 1 468 019 9 % 0.070 

2038 323 410 1 636 804 9 % 0.068 

2039 330 866 1 804 451 9 % 0.065 

2040 338 478 1 970 960 10 % 0.063 

2041 346 250 2 136 331 10 % 0.061 

2042 354 186 2 300 565 10 % 0.059 

2043 362 287 2 463 663 10 % 0.058 

2044 370 559 2 625 626 10 % 0.056 

2045 379 004 2 786 455 10 % 0.055 

2046 387 627 2 946 152 11 % 0.054 

2047 396 430 3 104 719 11 % 0.052 

2048 405 418 3 262 158 11 % 0.051 

2049 414 594 3 418 471 11 % 0.050 

2050 423 963 3 573 660 11 % 0.049 

 

Table 15 shows positive economic results for this scenario. If the energy subsidy is 

received and a 3% loan interest rate is used, the payback time for the system is projected 

to be eleven years. In present worth the project would produce around 3.6 million euros 
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of profit within 33 years. If the price of electricity is over 4.9 cents/kWh the project 

maintains its profitability. The internal rate of return for the investment with a 33 year 

lifetime is 11 %. 

If it is presumed that the electricity of the university is supplied by Oulun Energia, the 

prevented CO2 emissions can also be calculated. The company estimates that the carbon 

dioxide emissions resulting from the electricity use of their customers is about 111 

g/kWh. The yearly average electricity production of this system in its 33 year lifetime is 

2 017 000 kWh, which results in yearly CO2 reductions of 224 tons and a total lifetime 

reduction of 7 388 tons. 

10.2 460 kWp PV system 

In this scenario, the potential of a smaller PV system of the same size range as the Kaleva 

printing house system is calculated. The project investment costs are considerably lower, 

which may make the project initiation decision easier. The same equations, electricity use 

data and solar radiation data are used as in the previous scenario but a new simulation of 

the system is made. The simulation uses the same settings as the simulation in the larger 

scenario, but the simulated system is smaller in scale. Using the electricity use data of 

June 2015 and the average radiation data, the following Figure 43 is made, which shows 

the purchased electricity before and after adapting a 460 kWp PV system. 

 

Figure 43.  Purchased electricity in June 2015 without (blue) and with (red) a 

proposed 460 kWp PV system. 
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From Figure 43 it can be seen that the designed PV system would lower the electricity 

peak demand. During the weekend the use curve is flattened. On the seventh and 28th of 

June there is slightly more electricity production compared to the other days and this can 

be presumed to result from a large amount of irradiation. The total electricity production 

for a system of this size for this sample month would be around 87.8 MWh, which is 

about 6.8% of the monthly use in July 2015. Because this smaller PV system requires a 

smaller roof area, the maximum allowed yearly shading of a panel was set to 8% rather 

than 10%, which was used in the previous scenario. The model of this system can be seen 

in Figure 44. 

 

Figure 44.  The modelled 460 kWp PV system. 

 

From Figure 44 it can be seen that a PV system of this scale can be fitted into the central 

areas of the main building. This would make the system wiring and inverter placing 

easier. The centralized location of the system may also make maintenance procedures 

cheaper. The roof surface required by a PV system of this size is 5 710 m2. Information 

about the panel groups in the system can be seen in Table 16. 
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Table 16. Information about the different panel groups in the 460 kWp PV system. 

Group 
Number of 

panels 

Power 

(kWp) 
Weight (kg) 

Yearly 

shading loss 

(%) 

1 149 43 2 757 4.6 

2 226 66 4 181 3.5 

3 179 52 3 312 4.5 

4 936 271 17 316 4.8 

5 96 28 1 776 4.2 

Total 1 586 460   

 

Table 16 shows information about each panel group, the amount of panels, the peak power 

in reference conditions, the weight of the installation and the average yearly shading loss 

of the group. A total of 1 586 panels results in a peak reference output of 460 kW. The 

shading loss for the system was calculated using weighed averages of each group and it 

can be seen in Table 17 below. 

Table 17.  Shading values (weighed average) for each month for the 460 kWp PV system. 

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

Shading 

loss (%) 
64.60 19.95 2.70 0.77 0.17 0.08 0.11 0.36 1.07 7.65 65.49 83.08 

 

The shading losses resemble those of the larger system, which was simulated before, 

though it can be seen when compared to Table 11 that this system experiences less 

shading losses. The summer months experience only slight shading loss and the most 

shading loss is experienced in the winter months, when not much sunlight is available. 

The economic calculations for this scenario are done only based on fixed electricity 

pricing as year round hourly electricity usage data is unavailable. 

10.2.1 Fixed pricing 

To find out what the economic potential of the system is, the electricity production with 

the shading values is first calculated. This yearly production can be used in forecasting 

future production. The yearly production is calculated in Table 18. 
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Table 18. The monthly and yearly production of a 460 kWp PV system and the value of 

produced electricity. 

Month 

Electricity 

produced by 

PV system 

monthly 

(MWh) 

Electricity produced by 

PV system monthly 

after shading( MWh) 

Value of 

produced PV 

electricity (EUR) 

January 2.0 0.7 81 

February 10.6 8.4 967 

March 31.0 30.1 3 449 

April 52.8 52.4 6 002 

May 77.4 77.3 8 848 

June 87.8 87.8 10 048 

July 75.7 75.6 8 657 

August 57.4 57.2 6 547 

September 29.3 29.0 3 321 

October 11.1 10.3 1 176 

November 2.5 0.9 99 

December 0.6 0.1 11  
Yearly total 430 49207 

 

From Table 18 it can be seen that the shading effect on this system during the summer 

months is minimal.  It can also be seen that around 430 MWh of electricity is produced 

yearly and the economic worth of this electricity in a projected 2018 electricity price is 

49 207€. To assess the cost of the system the same equation is used as in the previous 

scenario. 

460 𝑘𝑊𝑝 × (1 000 − 1 500 
€

kW𝑝
) = 460 000 − 690 000 €. 

When electricity price projections and system efficiency degradation are taken into 

account the future performance of the system can be calculated. This can be seen in Table 

19. 
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Table 19.  The necessary information for economic calculations of the 460 kWp PV 

system. 

Year 

Electricity 

produced 

(MWh) 

Price of 

electricity 

Value of the 

electricity 

(EUR) 

Investment O&M costs 

Electricity 

value - 

O&M 

2017 0 112.1  460000 - 
690000 

  

2018 430 114.5 49 235 0 7 912 41 323 

2019 430 117.0 50 268 0 7 912 42 356 

2020 429 119.6 51 322 0 7 912 43 410 

2021 429 122.2 52 399 0 7 912 44 487 

2022 428 124.9 53 498 0 7 912 45 586 

2023 428 127.7 54 621 0 7 912 46 709 

2024 427 130.5 55 766 0 7 912 47 854 

2025 427 133.3 56 936 0 7 912 49 024 

2026 427 136.3 58 131 0 7 912 50 219 

2027 426 139.3 59 350 0 7 912 51 438 

2028 426 142.3 60 595 0 7 912 52 683 

2029 425 145.5 61 866 0 7 912 53 954 

2030 425 148.7 63 164 0 7 912 55 252 

2031 424 151.9 64 489 0 7 912 56 577 

2032 424 155.3 65 842 0 7 912 57 930 

2033 424 158.7 67 223 0 7 912 59 311 

2034 423 162.2 68 633 0 7 912 60 721 

2035 423 165.8 70 073 0 7 912 62 161 

2036 422 169.4 71 543 0 7 912 63 631 

2037 422 173.1 73 044 0 7 912 65 132 

2038 421 176.9 74 576 0 7 912 66 664 

2039 421 180.8 76 141 0 7 912 68 229 

2040 421 184.8 77 738 0 7 912 69 826 

2041 420 188.9 79 369 0 7 912 71 457 

2042 420 193.0 81 034 0 7 912 73 122 

2043 419 197.3 82 734 0 7 912 74 822 

2044 419 201.6 84 470 0 7 912 76 558 

2045 419 206.1 86 242 0 7 912 78 330 

2046 418 210.6 88 051 0 7 912 80 139 

2047 418 215.2 89 898 0 7 912 81 986 

2048 417 220.0 91 784 0 7 912 83 872 

2049 417 224.8 93 709 0 7 912 85 797 

2050 416 229.7 95 675 0 7 912 87 763 

 

From Table 19 it can be seen, that the value of the electricity produced by the system is 

projected to grow. The O&M costs are divided into equal yearly amounts throughout the 
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whole timescale. The project is projected to deliver a yearly profit of 41 000 – 86 000 

euros, after the operation and maintenance costs are deducted. Economic indicators are 

calculated based on this data and can be seen in the following table 20, where the lower 

investment price of 460 000 euros is applied with a discount rate of 3%. 
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Table 20. Economic indicators for the fixed price scenario of the 460 kWp system if a 

30% subsidy is received. 

Year 
Cash flow 

(EUR) 
NPV (EUR) IRR 

LCOE 

(EUR/kWh) 

2017 -460 000    

2018 41 323 -407 651 -91 %  

2019 42 356 -368 889 -65 % 0.554 

2020 43 410 -330 320 -44 % 0.375 

2021 44 487 -291 945 -30 % 0.286 

2022 45 586 -253 767 -20 % 0.233 

2023 46 709 -215 789 -14 % 0.197 

2024 47 854 -178 012 -9 % 0.172 

2025 49 024 -140 439 -5 % 0.153 

2026 50 219 -103 072 -2 % 0.138 

2027 51 438 -65 912 0 % 0.126 

2028 52 683 -28 961 2 % 0.116 

2029 53 954 7 779 3 % 0.108 

2030 55 252 44 307 4 % 0.101 

2031 56 577 80 622 5 % 0.095 

2032 57 930 116 722 6 % 0.090 

2033 59 311 152 607 7 % 0.086 

2034 60 721 188 274 7 % 0.082 

2035 62 161 223 724 8 % 0.078 

2036 63 631 258 955 8 % 0.075 

2037 65 132 293 967 9 % 0.073 

2038 66 664 328 758 9 % 0.070 

2039 68 229 363 329 9 % 0.068 

2040 69 826 397 679 9 % 0.066 

2041 71 457 431 807 10 % 0.064 

2042 73 122 465 714 10 % 0.062 

2043 74 822 499 398 10 % 0.060 

2044 76 558 532 859 10 % 0.059 

2045 78 330 566 098 10 % 0.057 

2046 80 139 599 114 10 % 0.056 

2047 81 986 631 907 10 % 0.055 

2048 83 872 664 478 11 % 0.054 

2049 85 797 696 826 11 % 0.053 

2050 87 763 728 951 11 % 0.052 

 

It can be seen from Table 20 that this scenario shows positive economic results. If the 

energy subsidy is received and a 3% loan interest rate is used, the payback time for the 

system is projected to be eleven years. In present worth the project would produce around 
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730 000 euros of profit within 33 years. If the price of electricity is over 5.2 cents/kWh 

the project maintains its profitability. The internal rate of return for the investment with 

a 33 year lifetime is 11%. 

The prevented CO2 emissions can also be calculated also for this scenario. Oulun Energia 

estimates that the carbon dioxide emissions resulting from the electricity use of their 

customers is about 111 g/kWh. The yearly average electricity production of this system 

in its 33 year lifetime is 423 000 kWh, which results in yearly CO2 reductions of 47 tons 

and a total lifetime reduction of 1 550 tons. 

10.3 Results of the scenarios 

Both of the proposed PV systems showed positive results both in production and from an 

economic perspective. The smaller system would produce a small part of the required 

electricity in the peak production month (June) whereas the large system would produce 

a third of the required electricity in that month. Table 21 summarizes how the systems 

would perform in the first year of use and in June. 

Table 21. The electricity production and shading loss of the proposed PV systems in the 

first year of use and the share of required electricity produced in June. 

Scenario 

Total electricity 

produced in 

June 

Total electricity 

produced in the 

whole year 

Share of required 

electricity of the 

campus produced 

by PV system in 

June 

Maximum 

allowed yearly 

shading loss of 

a panel 

2.2 MWp  416 MWh 2080 MWh 32.7 % 10 % 

460 kWp 87.8 MWh 429.7 MWh 6.8 % 8 % 

 

This data was used to derive the economic performance indicators for the systems that 

can be seen in Table 22. The yearly production and economic factors for the whole 

lifetime were scaled by taking into account the necessary variables. A discount rate of 3% 

was used to calculate the indicators. 
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Table 22.  The economic performance of the proposed PV systems for the whole system 

lifetime. 

Scenario Payback time 
Net present 

value (EUR) 

Internal rate 

of return 

Levelized cost 

of energy 

(EUR/kWh) 

2.2 MWp  11 years 3 573 660 11 % 0.049 

460 kWp 11 years 728 951 11 % 0.052 

 

It can be seen from Table 22, that both of the PV systems proposed in this thesis would 

have the potential to produce profit. They would produce considerable benefits in the 

form of saved economic resources. The larger system has the potential to make a profit 

of several million euros. 
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11 SUMMARY 

Energy consumption in the EU is split between different market sectors and the services 

sector accounts for around 13 % of the final energy use. This thesis examined the energy 

use of public buildings that are included in the services sector. The goal was to find out 

the important aspects affecting the energy use of public buildings. One question was to 

find out about energy policies affecting public buildings and what the goals of these 

policies are. There are EU wide and national policies for energy efficiency in buildings. 

They set laws regarding energy efficiency targets and improvement possibilities. Goals 

for energy use in buildings are also set globally by the IEA. Efficiency improvements in 

all market sectors are required to reach the energy efficiency goals. Both organizational 

and technological improvements can be done to reach lower specific consumption in 

public buildings and knowledge about the target facility is required for these 

improvements. Therefore it was also set out in this thesis to find out how knowledge about 

energy use and improvement possibilities can be acquired for specific facilities. 

Energy audits play an important role in promoting energy efficiency. An energy audit 

uncovers the different energy streams of the target facility, evaluates the saving potential 

and suggests action plans. A preliminary energy audit was done on the University of Oulu 

Linnanmaa campus, where the incoming energy flows were analyzed. Data about the 

energy use and the facilities was gathered to perform the audit. The energy streams were 

analyzed for each of the university buildings and some energy indicators were used in the 

characterization. The difference of the buildings and the northern location could be seen 

from the energy data. It could be also seen that the energy use patterns of the campus 

resemble those of public buildings in the EU in general, where heating, ventilation and 

lighting account for most of the energy use. When the energy data was analyzed and 

compared to the theoretical background, several ideas and points were raised. Ideas on 

the effective use of hourly electricity use data and more accurate metering were proposed. 

A general lack of sub-sectoral energy data on the tertiary sector was also found out to 

make the use of some energy indicators problematic. Future research could be done on 

the possibilities and development of accurate energy metering and how it could be used 

to form a building type specific database on energy use.  After the most relevant areas for 

energy improvements were mapped out, the goal was to uncover the most important 

recent innovations, which may contribute to addressing energy issues in public buildings.  
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The innovation scanning was done also as a part of the FREED project to give the project 

an overall view of the energy innovations available and knowledge about their potential. 

As the word innovation was defined, it was uncovered that the use of the word is 

problematic as it has a vast number of different definitions depending on the context. In 

this thesis an innovation was seen as a new/improved product, service or process, which 

has the potential for success in the market. The innovations themselves could be separated 

into local energy production, local energy storage, smart systems, heating and cooling 

innovations and building envelope innovations. The reviewed innovations often resulted 

from new ideas being combined into old products. In an IEA scenario, the global 

adaptation of the most important energy innovations would result in the total energy use 

of buildings staying the same or even dropping by the year 2050.   

The adaptation of the energy innovations for the University of Oulu Linnanmaa campus 

was analyzed as a part of the energy audit. This analyzation did provide information on 

how energy use could be improved at the Linnanmaa campus and it could be utilized if 

energy efficiency improvements are to be made in the future. It provides an idea on what 

innovations could most effectively be adapted at the location and what are the possible 

positive effects on the energy consumption. The conclusions of the audit led to the 

formation of an action plan for local energy production. The selection for local energy 

production was done because the data gathered in the audit was sufficient for system 

sizing and the calculation of economic benefits. Implementation of the other innovations 

would require further research and analysis. The local energy production method selected 

for closer analyzation was photovoltaic electricity.  

Data for planning a PV system to suit the electricity needs of the university was available 

as hourly electricity use data of the location had been collected since October 2013. The 

planned systems could also be built concurrently with upcoming roof renovations at the 

university. Two different scenarios for a PV system were made. A larger system of 2.2 

MWp was scaled to flatten the daily peaks in the need of purchased electricity in the 

summer time. A smaller system of 460 kWp was scaled to decrease the daily peaks in the 

need of purchased electricity. Both systems were designed to only provide electricity for 

own use rather than export it to the electricity grid. 

Solar radiation data was acquired for the calculations. On average the location receives 

933 kWh/m2 of solar radiation in a year. It could be seen from the data that in the times 
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of peak radiation in the summer months, around 0.6 kWh/m2 of radiation is received on 

a flat surface in an hour. This means that the average hourly radiation in Oulu is always 

under the value that is used in the power rating of panels (1 kW/m2) and reference outputs 

are not reached. To find out and minimize the effect of shading on the planned PV 

systems, a virtual model of the university was made with a software called “SketchUp” 

by Trimble Navigation. The PV systems were placed onto the virtual model with an add-

on called “Skelion”. Skelion made it possible to remove the most inefficient panels and 

it also gave monthly shading loss values for panel groups and the whole system. The 

panels, with an efficiency of 17,8%, were placed in a 30 degree angle with a 2 m gap 

between the rows.  

The production data from the first year of the systems was used to calculate their 

economic potential for the whole system lifetime. A fixed price for electricity was used, 

which in the first year of the project was projected to be 114.5 €/MWh. An average system 

lifetime of 33 years was used, with a 2.2% yearly increase in the cost of electricity and a 

yearly 0.1% drop in panel efficiency. The investment costs were derived from a similar 

PV project in Oulu in 2015. With a 30% grant from the Ministry of Employment and the 

Economy, they were found to be 2.208 M€ (2.2 MWp) and 460 000 € (460 kWp). The 

operations and management costs were divided evenly for each year and were 14.5 €/kW 

(2.2 MWp) and 17.2 €/kW (460 kWp) yearly. An assumption was done that the electricity 

is provided by a local company called Oulun Energia. This made it possible to calculate 

the prevented CO2 emissions, which for the whole lifetime of these projects are 7 388 

tons (2.2 MWp) and 1 550 tons (460 kWp). 

A short analysis was also done on how an electricity tariff based on hourly spot prices 

affects the economic potential of a PV system. Hourly electricity pricing is already 

adapted by many energy companies. In this type of electricity pricing the price fluctuates 

throughout the day. The economic value of the electricity produced by a 2.2 MWp system 

in June was compared for a fixed and hourly based electricity tariff. The analyzation 

implies that PV systems may produce more economical value in relation to electricity 

costs in this type of electricity invoicing. When hourly spot pricing was used, the system 

covered 34.9% of the total electricity costs whereas using fixed pricing resulted in the 

system covering 32.7% of the total electricity costs. 
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With fixed electricity prices, the payback time for both of the PV system scenarios is 11 

years and the levelized cost of energy is lower than what the total price of market 

electricity is. Snow accumulation and the structural strength of the roofs are some of the 

issues that would need further investigation before a more detailed investment plan for a 

PV system could be done. The PV systems would reduce the amount of electricity 

imported to the campus and this would bring the buildings closer to upcoming EU energy 

efficiency standards, such as nearly zero energy buildings. They also fit to the goals of 

the university environmental program and would contribute to achieving renewable 

energy goals set to Finland by the EU.  
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Appendix 1. 

13 APPENDICES 

Appendix 1. FREED-energy innovation need questionnaire form. Filled based on 

information from SYK employees, energy data and information about the Linnanmaa 

campus. 

 

1. How would you 

characterise your 

organisation/region’s 

energy profile?

The University of Oulu is a multidisciplinary research and education university situated in 

Northern Finland in the municipality of Northern Ostrobothnia. It was founded in 1958. It houses 

around 16000 students and 3000 employees and the students are divided into ten different 

faculties. The university contains several building sectors located at Linnanmaa and Kontinkangas 

that were built in different times. The oldest buildings were built in the 70’s and the newest 

buildings in the 2000’s. The buildings are owned by SYK and rented to the university. SYK owns 

multiple different educational facil ities in Finland. The university pays rent for the facil ities and 

also pays the electricity and the heating. The heating is supplied as district heat.

The Linnanmaa campus annually consumes around 16 000 MWh of electricity and 25 700 MWh of 

heat. Electricity and heat use are monitored on an hourly basis for each different sector of the 

university. The campus experiences a strong peak in electricity use during week days and the 

heating need is seasonally dependent. SYK has done effective heat loss reduction improvements in 

all  of their owned buildings. The reduced heating need has negated the yearly unit price increase of 

heat. SYK has implemented traditional energy efficiency methods such as ventilation heat recovery 

and is open to test out new innovations. For example small scale smart l ighting systems are 

already in place at the University of Oulu. Now there is a preliminary investigation on solar 

electricity, which aims to map production possibil ities at the university.

The University of Oulu has an environmental plan in place, which includes energy efficiency 

improving. SYK has a three year improvement cycle in which they need to reach certain goals to 

receive grants for improvement projects. 

2. What energy problems 

do you experience?

Energy companies calculate the emission factors for district heat with varying ways. This makes 

comparing the emissions of different locations with different energy providers problematic. 

Building service providers such as SYK would hope for a correction to this issue. Energy savings 

from heating and ventilation control are problematic as the building occupant behavior is difficult 

to estimate (people might work in the evening and in the weekends). Heat loss though windows is 

sti l l  an issue, but in the future the windows will  be replaced.

3. What are the energy 

priorities that require 

solutions?

Correcting issues with building automation (e.g. Heating and cooling not running at the same time). 

How to store and use the data collected by meters and appliances. Producing heat and electricity 

at SYK locations.

4. What are you doing to 

solve the energy problems?

SYK is discovering the potential for solar electricity and solar thermal at their locations. Smart 

l ighting at the University of Oulu is being tested. The University of Oulu takes part in a yearly 

energy saving week, which raises awareness and is a way to learn about new technologies. 

5. What energy technology 

or other innovations are 

you aware of that are being 

developed that are relevant 

to you?

SYK is especially interested in technologies, which reduce heating and cooling need (heat pumps, 

advanced insulation etc.). They are also interested in district cooling for the summer time. Overall  

they are open to new ideas.

6. Who is developing them? Unknown

7. How and where will  they 

be applied/used?

Some of the technologies are already in use. They need more statistical data to support investment 

decisions.

8. SME’s/Companies  you 

have supported in Energy 

Innovation

The University of Oulu has built a smart l ighting system to a parking area. It was provided by a 

SME called “Valopaa”.


