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ABSTRACT 

This Thesis carries out a high level analysis of the financial feasibility of building 

integrated small scale renewable energy systems. A number of alternative system 

configurations have been established that include a mixture of grid connected wind 

turbines and solar photovoltaic (PV) applications to provide electricity to meet the 

demand of the base load demand of the building, with any occurrence of excess 

production sold back to the grid.  A methodology to account for an analysis of their 

feasibility has been developed. The methodology is based on a well-known clean energy 

system analysis tool, namely RETScreen. The local climate data has been extrapolated 

and calculations carried out using the RETScreen database and software. From this, the 

maximum initial financial investment of the systems has been estimated, based on a 

given financial hurdle rate (i.e. the annual financial interest return on initial investment) 

and the savings and income generated from reduced grid electricity consumption and 

selling electricity back to the grid.  

The methodology is applied to an academic building located in the city of Visby on the 

Swedish island of Gotland, with a hurdle rate set to 7%. Electricity generation scenarios 

include 4 systems with 3.6 - 15.2 kW of wind, and 21.5 kW of PV located on a flat roof 

of a building containing office space, lecture rooms and a large student break area.  

Of the considered systems, it was concluded that the most feasible system was the 

system with a mixture of 15.2 kW of installed wind capacity and 21.5 kW of installed 

solar PV capacity. In addition, the results suggested that even with the grant system in 

place in Sweden for solar PV systems, the solar PV part of the systems would likely not 

be feasible. Therefore it was suggested that future work in this area should involve an 

investigation of a purely wind power system be carried out, as well as to investigate the 

hourly demand of the building and the hourly potential supply of the renewable energy 

system. The building permit process, installation and energy resources and requirements 

and installation should also be researched further, including taking actual energy 

consumption readings from the building and installing climate measuring instruments in 

the proposed positions on the roof in order to achieve more accurate input data. 



 iv 

ACKNOWLEDGEMENTS 

 

I would like to thank my supervisor Dr. H. Polatidis and my co-supervisor Mr A. Barney 

for their help and support in the creation of this Thesis. 

 

Thanks also go to my friends and colleagues and the department faculty and staff for 

making my time at Uppsala University Campus Gotland a great experience.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 v 

TABLE OF CONTENTS 
              Page 

 

ACKNOWLEDGEMENTS.................................................................................................................. iv 

TABLE OF CONTENTS ...................................................................................................................... v 

LIST OF FIGURES ........................................................................................................................... vii 

LIST OF TABLES .............................................................................................................................viii 

CHAPTER 1.  INTRODUCTION .......................................................................................................... 1 

CHAPTER 2.  LITERATURE REVIEW AND BACKGROUND ................................................................. 3 

2.1 Literature Review Introduction ............................................................................................ 3 

2.2 Energy Generation Calculation Software ............................................................................. 3 

2.3 Solar PV Panels ..................................................................................................................... 6 

2.4 Small Scale Wind Turbines.................................................................................................... 8 

2.5 Growth of small scale renewables and Governmental Subsidies ...................................... 10 

2.6 Solar PV Electricity Production Calculations ....................................................................... 11 

2.7 Small Scale Wind Turbine Electricity Production Calculations ........................................... 12 

2.8 Solar PV and Wind Power Hybrid Electricity Production Calculations ............................... 14 

CHAPTER 3.   METHODOLOGY ...................................................................................................... 18 

3.1 Energy Calculations............................................................................................................. 18 

3.2 Financial Investigation ........................................................................................................ 18 

3.3 Graphical Representation of Methodology ........................................................................ 20 

CHAPTER 4.   CASE STUDY............................................................................................................. 21 

4.1 Case Study Overview .......................................................................................................... 21 

4.2 Location and Building Utilisation ........................................................................................ 21 

4.3 Monthly Building Electricity Consumption ......................................................................... 22 

4.4 Building Peak Load and Base Load ..................................................................................... 25 

4.5 Environmental Data ............................................................................................................ 28 

4.6 System Design ..................................................................................................................... 29 

CHAPTER 5.   APPLICATION OF THE METHODOLOGY AND RESULTS ............................................ 34 

5.1 Introduction to Energy Calculation Results ........................................................................ 34 



 vi 

5.2 Solar .................................................................................................................................... 34 

5.3Wind - 1 x Finnwind Turbine ............................................................................................... 36 

5.4 Wind - 2 x Finnwind Turbines ............................................................................................. 37 

5.5 Wind - 1 x Hummer Turbine ............................................................................................... 39 

5.6 Wind - 2 x Hummer Turbines.............................................................................................. 40 

5.7 Electricity Generation, Demand and Income ..................................................................... 42 

5.8 Initial Investment for Installation ....................................................................................... 43 

CHAPTER 6.   DISCUSSION AND ANALYSIS .................................................................................... 45 

CHAPTER 7.   CONCLUSIONS ......................................................................................................... 47 

REFERENCES.................................................................................................................................. 49 

APPENDIX A.   WIND TURBINE POWER CURVES ........................................................................... 52 

APPENDIX B.   SAMSUNG LPC250SM SPECIFICATION OVERVIEW ................................................ 54 

APPENDIX C.   SOLAR PANEL INSTALLATION DIMENSIONS .......................................................... 55 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 vii 

LIST OF FIGURES 
                                                                                                                                       Page 

Figure 1: Graphical Representation of Methodology ................................................................... 20 

Figure 2: Location of Proposed Site .............................................................................................. 22 

Figure 3: Monthly Energy Consumption 2013 - 2015 ................................................................... 23 

Figure 4: Typical Weekly Electricity Demand of Northern European Office ................................ 25 

Figure 5: Location of Wind Measurement Site ............................................................................. 28 

Figure 6: Proposed Layout of Systems ......................................................................................... 33 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 viii 

LIST OF TABLES 
                                                                                                                                  Page 

Table 1: Monthly  Energy Consumption 2013 - 2015 ................................................................... 23 
Table 2: Ratio of Energy Demand Consumed in Northern European Office ................................ 26 
Table 3: Electricity Demand Ratio Scaled to Campus Gotland Building ....................................... 26 
Table 4: Load Estimations for Campus Gotland Building ............................................................. 27 
Table 5: Building Area and Estimated Loads ................................................................................ 28 
Table 6: Calculation Input Data .................................................................................................... 29 
Table 7: Solar Resources and Output ........................................................................................... 35 
Table 8: Solar PV Data .................................................................................................................. 35 
Table 9: Annual Solar PV Summary .............................................................................................. 35 
Table 10: 1 x Finnwind Resource and Output .............................................................................. 36 
Table 11: 1 x Finnwind Turbine Data ............................................................................................ 37 
Table 12: 1 x Finnwind Summary ................................................................................................. 37 
Table 13: 2 x Finnwind Resource and Output .............................................................................. 38 
Table 14: 2 x Finnwind Turbine Data ............................................................................................ 38 
Table 15: 2 x Finnwind Summary ................................................................................................. 38 
Table 16: 1 x Hummer Resource and Output ............................................................................... 39 
Table 17: 1 x Hummer Turbine Data ............................................................................................ 40 
Table 18: 1 x Hummer Summary .................................................................................................. 40 
Table 19: 2 x Hummer Resource and Output ............................................................................... 41 
Table 20: 2 x Hummer Turbine Data ............................................................................................ 41 
Table 21: 2 x Hummer Summary .................................................................................................. 41 
Table 22: Differences in Generated Loads and Demand .............................................................. 42 
Table 23: Monthly Generation and Savings/Income .................................................................... 43 
Table 24: Calculated Maximum Investment Costs ....................................................................... 44 



 1 

CHAPTER 1.  INTRODUCTION  

The energy consumption of buildings accounts for about 40% of energy use worldwide, 

therefore a reduction in consumption of fossil fuels in the building sector has the 

potential to reduce global greenhouse gas emissions. Energy demands in buildings 

include space heating, space cooling, water heating, and electrical loads (Lee et al. 

2012). One way of reducing the use of fossil fuels to power buildings is to install 

renewable energy on new and existing buildings to provide energy to that building, or to 

a connected grid in order to reduce the building’s carbon footprint. In today's market it is 

important, to a building owner or investor, that any renewable energy system installed on 

a building is financially feasible (i.e. suitably profitable). The financial feasibility of 

renewable energy projects is dependent on multiple factors including: resource potential, 

installation size, capital and operational expenditure (CAPEX and OPEX), electricity 

prices, subsidies and restrictions (Kelleher & Ringwood 2009). 

This thesis will focus the high level feasibility of a solar photovoltaic (PV) and wind 

power hybrid system to reduce the amount of electricity drawn from the grid in Northern 

Europe, with any excess energy generation sold to back to the electricity grid. 

Traditionally in Northern Europe solar PV generation is high in the summer and low in 

the winter, with wind power generation higher in winter and lower in the summer (Ma et 

al. 2014). Therefore, depending on capacity and environmental resources, a hybrid 

system has potential to provide year-round electricity for a building and reduce the 

annual consumption of electricity drawn from the grid, when compared to systems 

consisting of only solar PV or wind power.  

In addition to the possible financial benefit of building integrated renewable energy 

systems to reduce electricity bills or to sell excess electricity by exporting to the grid, 

governmental subsidies are sometimes available to increase the financial return of 

renewable energy projects. This is in part done to further encourage building owners or 

investors to install small scale renewable systems on buildings. Within the EU, the 

subsidy schemes available for small scale renewable energy projects are very diverse for 
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the different member countries. This is due to the differing renewable energy generation 

priorities of EU countries, as well as the local policies of the ruling governments 

(Bortolini et al. 2014). 

This Thesis aims to investigate the financial feasibility of four (4) defined grid connected 

hybrid wind and solar photovoltaic (PV) renewable energy systems for an academic 

building at the Uppsala University Campus Gotland in Sweden. The systems will have 

differing ratios of solar PV and wind power, as well as differing total system capacities, 

all with the aim of meeting the demand of the estimated base load of the building. The 

focus will be to identify the most financially feasible system based upon a defined return 

on investment, which, for a large part, is determined by the amount of estimated 

electricity generated by each system. The well-known clean energy system analysis tool 

RETScreen, developed by Natural Resources Canada, will be used to calculate the 

amount of estimated energy produced by the different system configurations using 

climate data available in the RETScreen climate database.  

The paper unfolds as follows:  

A literature review of similar published studies will be carried out to analyse the trends 

of results of studies involving the simulation of small scale solar PV installations, small 

scale wind turbine installations and hybrid wind/solar PV installations. In addition, the 

background of the technology that will be used in the calculations (both hardware and 

software) will be presented.  

The model and data used in this study is then presented using both a text description and 

a graphical representation. 

The results of the calculations will then be presented, along with some discussion of the 

results. 

Finally, there will be a chapter with conclusions drawn from the study, along with 

recommendations for follow-up research. 



 3 

CHAPTER 2.  LITERATURE REVIEW AND BACKGROUND  

2.1 Literature Review Introduction 

This literature review will cover the software used in small scale solar and wind hybrid 

electricity generation system, the hardware used to simulate the energy generation as 

well as the impact governmental subsidies have on installations. In addition, previously 

published studies which cover small scale solar, wind and hybrid power generation will 

be reviewed.  

2.2 Energy Generation Calculation Software 

Before a building integrated renewable energy system is installed, the climate resource 

potential should be used to calculate the amount of renewable energy that can be 

produced. This calculation can be done using software specifically developed for this 

task. Ideally, actual measurements from the site would be used, but this adds complexity 

and cost for the relatively small investment required to install the system (Bukala et al. 

2015). In order to circumvent this, modified data from the closest weather station is 

often used to estimate the site resources.  

RETScreen is a free excel-based tool developed by the Canadian Ministry of Natural 

Resources used for the evaluation of the feasibility of renewable energy projects. This 

includes the financial and environmental costs and benefits of different renewable 

energy technologies for any location in the world. The software has a global climate data 

database of more than 6000 ground stations (monthly solar radiation and temperature 

data for the year), energy resource maps (i.e. wind maps), hydrology data, product data 

like solar photovoltaic panel details and wind turbine power curves. It is also linked to 

the NASA climate database, from which data is used in calculations when ground station 

data is missing. RETScreen is also used for hybrid energy systems but is more widely 

used in single source renewable power system financial studies, with financial analysis 

identified as one of RETScreen's main strengths (Sinha & Chandel 2014). 
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The user interface of RETScreen will be familiar to users with experience using 

Microsoft Excel. There are a number of worksheets with cells for data input which are 

used to form the basis of the calculations. The exact number of worksheets can vary, 

depending on the detail of the information available, but typically there are 5 worksheets 

consisting of Energy Modelling, Cost Analysis, Emission Analysis, Financial Analysis 

and Sensitivity and Risk Analyses sheets.  In the Energy Model worksheet (and sub-

worksheets) parameters are used to describe the location of the project, the renewable 

energy resources and the type of systems used for the base and proposed cases. In 

addition, heating, cooling, and electrical loads can be input here. The annual energy 

production or savings are calculated in the same sheet. The algorithms used for each 

different form of renewable energy technology are described in the RETScreen textbook, 

with the  performance of the algorithms validated (Natural Resources Canada 2005). In 

the Cost-Analysis worksheet, the users input the initial and maintenance costs for the 

proposed case system. The annual reduction in greenhouse gas emissions is calculated in 

the GHG-analysis worksheet. In the Financial-Summary worksheet, the users can 

specify financial parameters such as inflation rate, discount rate, incentives, etc. to 

calculate various financial indicators of the net present value (NPV), internal rate of 

return (IRR), etc. The Sensitivity and Risk analysis worksheet allows users to determine 

the uncertainty in the estimates of various key parameters used in the project (Lee et al. 

2012). 

Another widely used energy calculation software is named Hybrid Optimization of 

Multiple Energy Resources, or HOMER
1
, which, as well as estimating energy 

generation, also creates system designs. HOMER is developed by the National 

Renewable Energy Laboratory (NREL) and uses hourly simulations to optimize the 

design of hybrid power systems. HOMER is a proprietary software, with users paying 

for a licence to operate the software. 

                                                 
1
 HOMER, National Renewable Energy Lab http://www.homerenergy.com/ 
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The accuracy of RETScreen compared to HOMER when used for solar PV energy 

generation estimations has been investigated by Lee et al. (2012) as a part of a study 

identifying optimum sizing of a renewable energy system for a building. The predictions 

of the RETScreen off-grid model based on monthly averages were evaluated by 

comparing them to the average hourly model used in HOMER. This comparison of 

energy production for a PV system showed a difference of 5% between the RETScreen 

and HOMER’s results. Based on this it was concluded that RETScreen is an adequate 

tool for pre-feasibility study at the conceptual design phase. 

Sinha & Chandel (2014) describe the benefits of solar PV and wind power renewable 

energy generation systems, as well as the importance of thorough analysis of the techno-

economic considerations. One of the most important aspects of the techno-economic 

analysis is the software used to simulate the energy generation. To this end, their study 

carries out a comparison of 19 different renewable energy simulation software 

applications with the aim of providing researchers a way to identify and utilize suitable 

tools for research and development studies of hybrid systems. For each software 

application, the main features are presented, the status of the software is presented and 

the pros and cons of using each system to simulate energy generation are put forward. 

The study put forward that RETScreen was an adequate tool to use for feasibility studies 

for several reasons including its strong meteorological database, product database and its 

good financial analysis tools.  

Although the studies carried out by Lee et al. (2012) and Sinha & Chandel (2014) would 

suggest that the performance of RETScreen as a energy generation calculation tool is 

accurate, there were also a numbers of limitations of the RETScreen software 

highlighted in both studies.  

These include:  

 There are no methods or functions for optimization.  

 It does not take into account effect of temperature for PV performance analysis. 
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 There is no option for time series data file import. 

 Limited options for search, retrieval and visualization features. 

 Does not support more advanced calculations. 

RETScreen does not take into account the temperature effect on PV panel output which 

could potentially be an issue. This is because when comparing theoretical results to 

actual system outputs, Su et al. (2012) describe PV-cell efficiency models as being 

dependent on the solar radiation and cell temperature. However, Sundaram & Babu 

(2015) compared the output of an installed 5MW solar PV project with the simulated 

output from RETScreen, with the results of the theoretical and measured readings of the 

installed system being almost identical. This study is described in more detail in Section  

2.6. 

As previously stated, when ground weather station measurements are not available, 

RETScreen uses the NASA Surface Meteorology and Solar Energy data set which is 

derived from satellite readings. These values are estimates and so this should be 

considered when using this data.  The NASA climate data website clarifies this by 

stating, 'It is generally considered that quality measured data are more accurate than 

satellite-derived values. However, measurement uncertainties from calibration drift, 

operational uncertainties, or data gaps are unknown for ground site data sets. In 1989, 

the World Climate Research Program estimated that most routine-operation ground sites 

had "end-to-end" uncertainties from 6 to 12%. Specialized high quality research sites are 

hopefully more accurate by a factor of two.' (NASA , 2016). 

2.3 Solar PV Panels 

Solar photovoltaic (solar PV) is now days one of the most commercially developed and 

mature solar-based electricity generation technologies suited for both small and large 

scale applications (Khan & Arsalan 2016). Solar PV technology directly converts 

incident solar energy into electrical energy, according to the principle of photoelectric 

effect. 
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A solar cell is used to carry out this conversion through the photoelectric effect, but a 

single solar cell is very small and does not produce electricity in an amount which would 

satisfy domestic or industrial consumption. In order to generate a reasonable amount of 

electricity, solar cells are combined to form a module of multiple cells; these modules 

are then assembled into a solar PV array that can be several meters in length. 

Installed solar PV systems can be placed in to two different categories, depending on the 

configuration, as fixed PV systems and PV tracking systems. PV systems with sun 

tracking ability are much more efficient than fixed systems because they track and face 

the sun for a longer period of time throughout the day, and so capture an increased 

amount of incoming solar radiation. Fixed PV systems usually face South in the 

Northern hemisphere, and North in the Southern hemisphere in order to achieve the 

largest average amount of incoming solar radiation. PV tracking systems, however, 

require a more space when compared to fixed PV systems as well as a part of generated 

electricity is utilized to track the sun (Khan & Arsalan 2016). 

Solar panels are manufactured from different kinds of photovoltaic materials, with 

different benefits and compromises associated with each material. The most commonly 

used technologies for PV cells are mono-crystalline silicon, polycrystalline silicon, 

cadmium-telluride, copper-indium-diselenide, and amorphous silicon (Madessa 2015). 

Madessa (2015) carried out a study which simulated the output of solar panels located in 

Oslo, Norway made from mono-crystalline silicon, polycrystalline silicon, cadmium-

telluride, copper-indium-diselenide, and amorphous silicon. It was found using local 

environmental data and the PV panel manufacturer specifications, that mono-crystalline 

silicon material technology shows the best performance in terms of energy output per 

square meter.  

In addition to this, (Ferrada et al. 2015) carried out a comparison between mono-

crystalline silicon panels and amorphous silicon panels on a physical installation in 

northern Chile. It was found that at higher temperatures, the amorphous silicon was more 
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efficient than the mono-crystalline silicon (when no dust was present on the panels). 

However, the mono-crystalline silicon panels produced more electricity in total over the 

year long duration of the study due to the smaller effect that the build-up of dust had on 

the panel. In addition, under cooler temperatures, there was no extra efficiency in the 

amorphous silicon panels. 

2.4 Small Scale Wind Turbines 

Wind turbines harness the energy present in the wind by converting kinetic energy in to 

electricity using the principles of electromagnetism. Small wind turbines are classified as 

such when they have a swept area of less than 200m
2
 and power output of 50kW or less. 

Within this category, there are three further subdivisions: micro, mid and mini with an 

output power less than 1kW, 5kW and 50kW respectively (Clausen & Wood 2000). 

As opposed to large wind turbines, which are dominated by the classic three-bladed 

horizontal axis setup, the small turbine market offers a number of different solutions, 

often advertised as more efficient than the popular three-blade designs (Bukala et al. 

2015). 

The remainder of this section will provide an overview on the potential of two types of 

design for small wind turbine generators commonly seen on the market today. These are 

the reduced size of traditional 3 blade horizontal axis design, referred to from this point 

onwards as a HAWT; and vertical axis designs, normally H-rotor designs, or twisted 

helix designs, from this point onwards referred to as VAWT. 

To establish some sort of comparison of the two designs, a logical starting point is to 

establish any differences in the amount of energy each design can take from the total 

energy contained in the wind over a given area. This is known as the power coefficient 

or Cp, and is normally expressed as a percentage figure. It has been previously 

concluded that the maximum power coefficient possible with no mechanical or electrical 

losses is 59% and is known as the Betz limit (Betz, 1966). Using power curve 

information coupled with wind speed measurements or predictions, it has been 
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theoretically calculated that HAWT have a higher efficiency than similarly rated VAWT 

(Ko et al.2015; Bukala et al. 2015; Al-Hadhrami 2014). This coupled with the higher 

purchase price of VAWT compared to HAWT, means that HAWT are generally more 

cost effective than their VAWT counterparts (Bukala et al. 2015). This makes the 

HAWT design a strong candidate for implementations using the technology available 

today. That being said, the designs of VAWT are improving. A 12kW H-rotor VAWT 

designed and constructed by Uppsala University has been found to have a higher power 

coefficient than those seen on the market today. This has a measured maximum power 

coefficient of 0.29, compared to a maximum power coefficient of around 0.5 in utility 

scale HAWT  (Kjellin et al. 2011) (Hansen, 2008). 

The potential benefits of VAWT designs compared with HAWT designs include that 

their generators are situated at or near to ground level. This makes generator 

maintenance easier and cheaper compared to a HAWT, where the generator is located 

directly behind the rotor in the nacelle. This near to the ground placement of the 

generator also means that the weight at the top of the turbine’s tower can be reduced, 

potentially increasing stability of the structure. Conversely, the longer drive shaft of the 

VAWT design has also been known to cause complications due to torsional vibrations. 

The tip speed ratio is the speed in which the blades rotate as a function of the wind speed 

(Burton et al. 2001). An additional potential benefit to VAWT designs is that the 

maximum power coefficient tends to be reached at lower tip speed ratios. This is 

advantageous, as reduced tip speed ratios equate to lower noise levels, meaning less 

potential annoyance for those in close proximity to the turbine (Hau 2006). This has 

been demonstrated practically with the aforementioned VAWT designed and constructed 

by Uppsala University, the maximum power coefficient was reached with a tip speed 

ratio of 3.3. This can be compared to a utility scale HAWT where the maximum power 

coefficient is reached at a tip speed ratio in the order of 7.  (Kjellin et al. 2011; Hau 

2006). 
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2.5 Growth of small scale renewables and Governmental Subsidies 

It can be seen around the world that there is an increasing number of domestic and small 

scale industrial installations of renewable energy. Bukala et al. (2015) suggests that this 

is due to the increasing understanding of climate change as well as the negative aspects 

of greenhouse gas emissions. This is likely to be a significant factor when trying to 

explain the reasons for the growth of the small scale industry, however it is unlikely that 

it is the sole reason. The cost of the system and the income of an installed system is also 

a large factor that small scale investors should consider (Kelleher & Ringwood 2009). 

According to the European Commission, '…the energy markets alone cannot deliver the 

desired level of renewables in the EU, meaning that national support schemes may be 

needed to overcome this market failure and spur increased investment in renewable 

energy' (European Commission, 2016). Therefore it can be assumed that Governmental 

subsidies provided to encourage the investment in and installation of renewable energy 

systems is also a key factor that needs to be taken into account. There are different 

financial support schemes commonly made available by governments for both small 

scale and utility scale renewable energy installations. These include feed-in tariffs, feed-

in premiums, grants, renewable energy certification schemes, etc. Studies have been 

carried out to measure the effectiveness of the different types of subsidy support 

schemes, with  Couture & Gagnon (2010) reporting findings suggesting that feed-in 

tariffs are the most effective policies to encourage the rapid and sustained deployment of 

renewable energy. 

The significance of this in terms of small scale renewable energy implementation is 

confirmed by Bale et al. (2012) who describes that the need for affordable technological 

and financial advice at the early stages of planning small scale renewable energy projects 

as a key component for the development of renewable energy schemes. 



 11 

2.6 Solar PV Electricity Production Calculations 

As reported by Adam et al. (2016), 'urban solar assessment has received more attention 

than urban wind assessment', which would suggest that solar energy estimations would 

be more accurate. This seems to be confirmed by published papers regarding the 

comparison of predicted outputs compared to the measured outputs. 

A study carried out by Sundaram & Babu (2015) had the aim of evaluating the real 

world performance of a 5MW solar PV plant in India against RETScreen software 

predictions. It was found that the 'measured annual average energy generated by the 

5 MW system is 24116.61 kW h/day which is appropriately close to the predicted annual 

average which was found to be 24055.25 kW h/day by RETScreen'. This is clearly a 

very good estimate, with the simulated result being in the nearly 99.75% of the measured 

result. It should be noted that the input data for the location was provided by 

measurements taken from a pyranometer situated at the site of the installation. This 

would seem to suggest that with accurate input, RETScreen can simulate the 

performance of a solar PV system in terms of annual output very accurately taking in to 

account system losses.   

Su et al. (2012) carried out a study to evaluate whether a prediction model based on 

Gaussian equations could match the output of an installed 2.1kW solar PV system on a 

roof top in Macau, China. As with Sundaram & Babu (2015), the simulated results 

matched the real system output extremely closely with a prediction which was 97.96% 

of the value seen in the measured output of the actual installed system.  

The Sundaram & Babu (2015) and Su et al. (2012) studies confirm that there is a good 

understanding of the expected energy output of solar PV technology when the input data 

is known. 
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2.7 Small Scale Wind Turbine Electricity Production Calculations 

Utility scale wind power plants have reached a relative financial maturity, in part due to 

their economies of scale. However, small wind turbines still demonstrate some 

uncertainties, especially from the profitability point of view (Bortolini et al. 2014). 

Studies focusing on the feasibility of small scale wind turbine installations usually use 

measurements from weather stations close to the proposed site rather than calculations 

which take in to account the topography of the area. These types of studies have been 

carried out in many different countries around the world, such as Iran (Mostafaeipour 

2013) and Turkey (Bilir et al. 2015), as well as on the remote islands which make up 

Chuuk State in Micronesia (Ko et al. 2015). The results of the aforementioned studies 

are interesting due to the relatively low wind conditions of the sites investigated. 

The study carried out by Mostafaeipour (2013) analysed three different turbines of 

different generator capacities of 300W, 600W and 1kW sited in city of Kerman in the 

Kerman province of Iran at a height of 10 meters. The results of the wind calculations 

showed that the area of Kerman generally has less than 100 W/m
2
of power in the wind, 

and so therefore would not be suitable for construction of large-scale wind turbines. 

However, using small scale turbines for residential usage, the results showed that there 

was a positive economic benefit of purchasing and installing all three of these turbines 

assuming a 20 year lifecycle and the costs obtained for each turbine.  

The studies published  Bilir et al. (2015) and Ko et al. (2015) did not include any real or 

estimated turbine prices. Instead these studies focused on the wind resources and 

whether a single small scale turbine could be used to power a residential home. 

Bilir et al. (2015) found that the İncek region in Ankara, Turkey had a wind power 

density of 98 W/m
2 

at 30 meters, and according to Mohammadi & Mostafaeipour (2013), 

site would be classed as 'poor', meaning that just as in the study based in Kerman, the so 

would not likely be suitable for utility scale wind production. However, the results of the 

study concluded that the use of a 3 kW and 3.5 kW HAWT at a height of 20 meters 
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could satisfy the annual energy consumption of a residential house in the area, although 

the study does not comment on whether battery storage would be required to achieve 

this, and does not take in to consideration any financial calculations.  

The islands of Chuuk State experience a higher annual mean wind power density of 

157.08 W/m
2
 at 10 meters, which is classed on the border of  'marginal' and 'moderate' 

according to Mohammadi & Mostafaeipour (2013). With the average annual residential 

demand of 10,000 kWh, Ko et al. (2015) concluded that a turbine of 10-20 kW would 

make a significant contribution to an average household consumption. Just as the study 

authored by Bilir et al. (2015), the focus was on the average amount of energy generated 

meeting the average household demand, with no mention of storage or financial 

considerations. 

The results from these studies would indicate that it is likely small scale wind turbines 

can be used to generate adequate energy for residential usage even in areas with lower 

wind speeds. In addition, Pourrajabian et al. (2014) reports that real world applications 

of small scale wind turbines are known to be installed where the wind potential and 

resource is poor, i.e. based on demand rather than resource.  

However, Bukala et al. (2015) conducted a study which contradicts the claims that small 

wind turbines should be placed in locations with low wind resources. The study 

investigates the economic feasibility of three different types of small scale wind turbines 

sited in Poland. These were HAWT, shrouded HAWT and VAWT. The study used 

actual purchasing figures to compare these three designs, with the conclusion that the 

traditional HAWT design was most cost efficient due to the higher power coefficient of 

the turbine tested, and also the lower purchase price compared to the other two turbine 

types tested. This study disputes the claim that small scale turbines can be used in low 

wind areas, referencing a study carried out in 2009 by the Energy Saving Trust, an 

independent trust based in the UK. The study carried out by the Energy Saving Trust 

evaluated the performance of existing installations of small scale wind turbines in the 

UK. Some of the findings of the report showed that due to a lack of accurate wind speed 
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estimations in built up areas, combined with poor positioning of the turbines (especially 

when sited on buildings) led to a poorer performance of the small turbines than expected 

upon installation (EST 2009). Following this, Bukala et al. (2015) claims that the 

accurate prediction of wind speed conditions for typical small wind turbine sites and hub 

heights is difficult. The presence of ground drag and obstacle induced turbulence, 

together with wind flow uncertainty caused by various topographical shaping in urban or 

built up areas prove to be a major difficulty in simulating energy yield estimations.  

2.8 Solar PV and Wind Power Hybrid Electricity Production Calculations 

Numerous studies have been carried out regarding hybrid renewable energy systems 

consisting of solar PV and wind combinations.. A sample of the most relevant will be 

described and commented on in this section. 

Bekele & Palm (2010) have published a study investigating the potential of 

implementing an off-grid hybrid system consisting of solar PV and wind turbines with 

battery storage and a diesel generator with the aim of finding the most cost effective mix 

of components to satisfy the proposed energy demand (based on a small theoretical 

village of 200 families). The energy generation calculation software used was HOMER 

with input from a climate database. At the time of publication, the most cost effective 

combination of components was to use no renewable components and just a diesel 

generator with battery storage, mainly due to cheap diesel prices. However, the increase 

in the cost required to use renewable components instead of a diesel generator was not 

significant, and the authors state the expected rises in oil prices and reduction of the cost 

of renewable energy components mean that the results would likely change in the future. 

Hassiba et al. (2013) carried out a study similar to Bekele & Palm (2010). The aim was 

to find the best combination for a hybrid system when considering wind power, solar PV 

and a diesel generator used with battery storage for 4 different sites in Algeria. The 

purpose of the hybrid system was to power a communications tower in remote areas. It 

was found that for 3 of the 4 sites, a system with the solar PV, diesel generator and 
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batteries was the most cost efficient. It was only financially viable to install a wind 

turbine as part of the system when the average wind speeds surpassed 5 m/s (which 

equates to a wind power density of approximately 78.125 W/m
2
). Interestingly, solar PV 

was not economically viable in speeds greater than 7 m/s (which equates to a wind 

power density of approximately 214.375 W/m
2
), here a mixture of wind power and 

diesel generators with battery storage was the most viable. 

Essalaimeh et al. (2013) carried out a feasibility study for a solar PV and wind hybrid 

system to control the temperature of a room using an air conditioning unit in an 

academic building in Jordan. Measurements were taken from roof top instruments to get 

a very good understanding of the renewable resources available at the specific site. The 

measurements were input to HOMER software and the financial feasibility of the system 

was calculated. The results showed that even though the wind resources for the site were 

relatively low (an annual average of around 5.53 m/s), and the high solar intensity of the 

region, almost 50% of the estimated electricity generated was from a wind turbine.  

Ma et al. (2014) carried out an investigation of the possibility of using a solar PV and 

wind hybrid system on an island of Hong Kong. The climate gives good solar intensity 

in the summer months, with poorer resources in the winter, whereas the opposite trend is 

true for the wind resources. The measurements were taken from a local weather station. 

It concluded that a smaller total initial investment for the system would be required if a 

mix of both wind turbines and solar PV panels with battery storage were to used to meet 

the islands electricity demand, rather than a system of just solar PV or just wind power 

combined with battery storage. This is due to the much smaller purchase cost per kW of 

a wind turbine compared to solar PV panels, combined with the local climate resources. 

The study examines several different daily demands (ranging from 150 - 400 kwh per 

day), and defines the most optimal system configuration in terms of amount of solar PV, 

wind turbines and battery storage. All optimal system designs incorporate wind power in 

to the renewable energy generation system, as it was found to reduce the cost per kWh 

generated. A system with a capacity made up of 145kW of solar PV, and 10.4kW of 
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wind power and battery storage was investigated specifically. Over a simulated year, the 

mean output of the solar PV panels was calculated to be 20kW and the mean output of 

the wind turbines was calculated to be 3.4kW. The simulated power generated by the 

wind is slightly costlier than solar in terms of $/kWh, but reduced the calculated required 

number of batteries in the system. This was because the wind turbines would generally 

produce more electricity when solar PV generation was low or not producing at all. 

Bhattacharjee & Acharya (2015) carried out a study in the North Eastern region of India 

which assesses the technological and economic feasibility analysis of a solar PV–wind 

hybrid power system on a building on a university campus, with the results compared 

with the experience from an existing set up. Just as the small scale wind studies carried 

out by Mostafaeipour (2013), Bilir et al. (2015) and Ko et al. (2015), the solar PV–wind 

hybrid plant is located in a low wind regime. The simulation of the system was run in the 

HOMER software using information from measurements within the HOMER database. 

The results of the simulation show that 1.2kW of installed PV would provide the vast 

majority of electricity, with the 1kW wind turbine producing less, however the wind 

turbine would produce more when the solar PV had its lowest production. When the 

results were compared to the measurements from the previously installed system from a 

given year, it was found that the software slightly overestimated the electricity produced 

by solar PV during the measured year (2086 kWh/year simulated, with 1891 kWh/year 

measured), but vastly overestimated the electricity generated by the wind turbine over 

the measured year (777 kWh/year simulated, with 141kWh/year measured). The trend of 

the electricity was however as predicted, with the wind turbine producing most when the 

solar PV produced the least. The study does point out that 'in many cases, predicted 

performance in simulated model surpasses the observed findings from real hybrid plant, 

possibly due to absence of in situ measured data in simulation model'. But it must be 

remembered that a comparison to the output over a single year cannot be used as 

conclusive evidence of the performance of the system, the study explains this as follows: 

'...it is a fact that any prediction of solar/wind power plant is subject to an uncertainty 

due to natural variability of climatic phenomenon. As a result, there have to be some 



 17 

expected variations between predicted and observed results. Furthermore, long-term 

performance monitoring is vital to comprehend the precise behaviour of this type of 

climate reliant power generating unit'. The results of this study confirm what has been 

put forward in the solar and wind specific energy generation calculation studies, which is 

that solar generation calculations are reliable for urban small scale applications, but more 

development is needed for calculations of small scale urban wind applications. 

From studying this literature, it would appear that in most cases theoretical studies using 

HOMER software use data from online databases transposed on to the proposed sites or 

areas.  

It was generally found that the solar PV components of the hybrid systems were more 

efficient and more cost effective than the wind turbine components of the systems. This 

is logical as the location of the sites being mean that the solar intensities are generally 

better than the wind resources. It is also of interest that the predicted wind power of the 

Bhattacharjee & Acharya (2015) study was significantly less than the actual 

measurements. This could point to difficulties in energy generation estimates due to the 

complex characteristics of wind behaviour, especially in built up or urban areas as 

documented by the Energy Saving Trust (2009). 
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CHAPTER 3.   METHODOLOGY  

3.1 Energy Calculations 

The first step will be to identify the energy consumption of the proposed building, from 

which a system capacity will be defined. Following this, four different systems will be 

designed, each with a varying capacity ratio of solar photovoltaic: wind. The total 

capacity will be dictated largely by the space available on the roof of the building.  

RETScreen software will be used for the generation estimation of the hybrid system 

using data from the RETScreen climate database included in the software. RETScreen 

contains a database of weather statistics for thousands of sites around the world. This 

data is a mixture of measured data from weather stations, and estimated data obtained 

from the NASA satellite/analysis database (RETScreen International, 2013). The closest 

site to the proposed project site will be identified and the information contained in the 

database for these sites will be used as a basis for the calculations. When this has been 

achieved, it will be possible to run the energy generation calculations in RETScreen for 

the defined systems which will give the amount of predicted energy produced by the 

system at each site. RETScreen does this by performing a series of calculations based on 

the input measurement data combined with other user defined variables (Natural 

Resources Canada, 2005). 

3.2 Financial Investigation 

Combining the energy delivered with the price of electricity or available grant and 

subsidy schemes for Sweden, the maximum annual financial income for each system 

will be calculated over a 20 year period. A period of 20 years has been used as the 

average lifespan of small scale wind turbines is around 20 to 30 years (Tremeac & 

Meunier 2009; Nugent & Sovacool 2014), and the average lifespan of PV solar panels 

are reported to be around 30 years (Nugent & Sovacool 2014). Therefore, the shortest 

lifecycle of the wind turbine component is assumed for the whole system.  



 19 

Due to the fact that the purchase prices for neither the wind turbines and solar panels nor 

the installation are available for an academic study due to commercial reasons, it is 

difficult to accurately calculate the parameters of financial return. Therefore, this study 

will attempt to calculate the maximum required purchase and installation costs which 

satisfy a defined internal rate of return (IRR), referred to as a hurdle rate. This will be 

done by using the equation normally used to calculate net present value (NPV) which is 

shown in Equation 1. Traditionally, IRR is calculated by setting the NPV to zero and 

calculating the rate R which satisfies the equation.  

However, as previously mentioned, the initial investment of the projects is unknown, so 

in this instance a hurdle rate of 7% will be defined. This hurdle rate is derived from a 

social discount rate of 4.5% recommended by García-Gusano et al. (2016).  The base 

reasoning behind the defined hurdle rate for this project is that the academic building is 

part of a governmental body, which would indicate that the social discount rate should 

be used. However, the risk of small scale wind power due to the relative small amount of 

applications of this technology is the reasoning behind the 7% hurdle rate, which is 

higher than the given social discount rate.    

The hurdle rate is represented by R in Equation 1. From this, the initial investment (in 

this case the purchase and installation costs) can be calculated. This is shown in 

Equation 2 and 3. 

 

       
                

      
 

 

   
                        (1) 

 

Where: 

NPV= Net Present Value 

R=Discount Rate / Hurdle Rate 

N=Number of Time Periods 

T= Timing of periodic cash flow 
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IRR is traditionally calculated by setting NPV to zero. For this investment, this gives the 

following: 

 

     
                

      
 

 

   
                       (2) 

 

Therefore: 

 

                      
                

      
 

 

   
    (3) 

 

 

The initial investment for each system will be calculated using Microsoft Excel and 

compared. The systems with larger initial investment per installed capacity will likely be 

the most financially feasible, but this will be verified by calculating the cost per MWh 

produced over the system lifetime. 

3.3 Graphical Representation of Methodology 

 

 
Figure 1: Graphical Representation of Methodology 
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CHAPTER 4.   CASE STUDY 

4.1 Case Study Overview 

The site that will be investigated for this case study is the StudentCentrum building and 

the adjoining university office building. The two buildings share an electricity meter and 

the consumption of both buildings is invoiced on one monthly bill. The buildings are 

owned by Gotland’s Kommun and rented to the Uppsala University Campus Gotland. To 

simplify the text, both buildings will be referred to as a single building in the remainder 

of this text, unless specifics of each building are being discussed.  

It has been decided that the renewable energy system shall consist of both small scale 

solar PV and wind power technologies connected to an internal load and to the grid. This 

is to enable the maximum amount of energy to be generated, as weather patterns suggest 

that solar resources tend to peak when wind resources are at their lowest, and conversely 

wind resources tend to peak when the solar resources tend to be at the lowest.  

Therefore, the hybrid system as a whole should generate more consistently throughout 

the year than installations of the same capacity, consisting of just solar PV, or just wind 

power systems (Ma et al. 2014; Bhattacharjee & Acharya 2015). 

This section will describe the location and usage of the buildings, the energy 

consumption between 2013 and 2015, the peak and base load calculations, the 

environmental conditions of the site, as well as the system design and system 

components.   

4.2 Location and Building Utilisation 

The location of the proposed project is the StudentCentrum building which is a part of 

Uppsala University Campus Gotland situated in Visby, on the Swedish island of 

Gotland. The building is situated within an urban area, but also only approximately 

130m from the shore of the Baltic Sea with few obstacles between the shore and the 

building. The StudentCentrum building is approximately 11 meters high with a 610 m
2
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flat roof. The StudentCentrum building is connected to an additional building containing 

university offices which share the same electricity meter and infrastructure. The internal 

area of these buildings is 4105m
2
 consisting of offices, lecture rooms and a student break 

area with food refrigerators and microwave ovens. The location can be seen in Figure 2. 

 

 

Figure 2: Location of Proposed Site (Source: Google Maps, 2016) 

4.3 Monthly Building Electricity Consumption 

The price paid for the electricity used by the university fluctuates throughout the year, 

however a value of 1 SEK/kWh has been recommended for use in this Thesis by 

Gotland's Kommun (Klintström, 2016).  
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The building electricity consumption for the years 2013, 2014 and 2015 are shown in 

Table 1 and Figure 3. This data has been provided by Gotland’s Kommun which owns 

the buildings. 

Table 1: Monthly  Energy Consumption 2013 - 2015 

Monthly Energy Consumption (kWh) 

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

2013 16379 13603 13704 13276 15960 15572 5644 8382 12646 15683 15733 12422 

2014 15534 13841 14717 12858 14720 7796 12640 14259 15012 17328 16897 12460 

2015 15730 13497 14196 13240 13419 10179 9996 10807 12720 14400 13703 14741 

 

 

Figure 3: Monthly Energy Consumption 2013 - 2015 
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It can be seen in the data in Table 1 and Figure 3 that there seems to be a general trend 

that the months of January to May, and September to December have higher electricity 

consumption due to the ongoing lectures and utilisation of the building for student 

breaks, student group work and regular staff office work.  

There is generally a smaller amount of energy used in the summer months of June, July 

and August. This is likely due to the smaller occupancy levels in this time due to the 

absence of lectures being carried out in the building. Although there is a difference in 

consumption during these months, there are still some University staff who are working 

in the building during this time, as well as usage for conferences during the summer 

months meaning that there is still electricity consumed in this time frame.  

During the last three years, it can be seen that the electricity consumption of January to 

April has been relatively consistent. After this, the consumption seems to behave 

inconsistently.  

The electricity consumption in the May and June of 2013 is significantly higher than that 

of 2014 and 2015, however, this trend is reversed for July and August, with the 

consumption of 2013 significantly lower than 2014 and 2015. The increase is thought to 

be because of reparation work carried out due to water damage, meaning that there was a 

lot of extra electricity drawn to power water pumps and other reparation equipment. The 

lower consumption is likely to be due to the building not being used for summer events 

as the reparation work continued but at a slower pace than previously due to the vacation 

period. 

The consumption in 2014 between the months of July and November is noticeably 

higher than those of 2013 and 2015 during the same period. This is again thought to be 

due to internal reparation work and the increased power demand of the equipment used 

during these months. 
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4.4 Building Peak Load and Base Load 

The data for the peak load, base load and daily electricity consumption for the 

StudentCentrum were not available for this Thesis. These are both important factors 

when designing the renewable energy system, in terms of the capacity and also the scale 

of inverter that must be used to satisfy the peak load.  

The usage of the building has been deemed to follow the activity levels of an office 

environment: significantly higher usage during weekdays, with little to no usage over the 

weekends. This has been assumed due to the lack of lectures taking place over the 

weekends, and the traditional 'office hours' usage of the office building adjoined to the 

StudentCentrum building.  

Based on these assumptions, the electricity consumption of a traditional office in 

Northern Europe over the course of a typical week has been used as a basis. This data 

comes from a study carried out by Menezes et al. (2012) which includes the weekly 

electricity consumption for each day of the week taken at half hourly intervals. This 

consumption is shown in Figure 4.  

 

 

Figure 4: Typical Weekly Electricity Demand of Northern European Office (Source: Menezes et al. 2012) 
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From the information in the Menezes et al. (2012) study, the ratio between the average 

load and the peak and base loads has been calculated and scaled to the energy 

consumption of the Campus Gotland building. This is shown in Table 2, Table 3 and 

Table 4. 

Table 2: Ratio of Energy Demand Consumed in Northern European Office 

Time Period Electricity Demand (kW) 
Deviation from  

Average Demand (%) 

Weekday 

Average 8 - 

Base 3 37.5 

Peak 14 175 

Accounts for 85.4% of weekly Demand 

Saturday 

Average 3.4 - 

Base 3 79 

Peak 5.85 172 

Accounts for 8.2% of weekly Demand 

Sunday 

Average 3 - 

Base 3 0 

Peak 3 0 

Accounts for 6.4% of weekly Demand 
 

 

Table 3: Electricity Demand Ratio Scaled to Campus Gotland Building 

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

Monthly 
Average 

Consumption 
2013 - 2015 

(kWh) 

15881 13647 14206 13125 14700 11182 9427 11149 13459 15804 15444 13208 13436 

Weekly 
Average 

Consumption 
(kWh) 

3586 3412 3208 3062 3319 2609 2129 2518 3141 3569 3604 2982 3095 

Daily 
Average 

Load (kW) 
21 20 19 18 20 16 13 15 19 21 21 18 18 



 27 

Table 4: Load Estimations for Campus Gotland Building 

  

Energy 

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

Weekday 

Consumption (kWh) 612.49 582.73 547.88 523.06 566.93 445.65 363.56 430.00 536.40 609.51 615.51 509.39 

Avg. Load (kW) 25.52 24.28 22.83 21.79 23.62 18.57 15.15 17.92 22.35 25.40 25.65 21.22 

Base Load (kW) 9.57 9.11 8.56 8.17 8.86 6.96 5.68 6.72 8.38 9.52 9.62 7.96 

Peak Load (kW) 44.66 42.49 39.95 38.14 41.34 32.50 26.51 31.35 39.11 44.44 44.88 37.14 

Saturday 

Consumption (kWh) 294.05 279.76 263.03 251.12 272.18 213.96 174.54 206.44 257.52 292.62 295.50 244.55 

Avg. Load (kW) 12.25 11.66 10.96 10.46 11.34 8.91 7.27 8.60 10.73 12.19 12.31 10.19 

Base Load (kW) 9.68 9.21 8.66 8.27 8.96 7.04 5.75 6.80 8.48 9.63 9.73 8.05 

Peak Load (kW) 21.07 20.05 18.85 18.00 19.51 15.33 12.51 14.79 18.46 20.97 21.18 17.53 

Sunday 

Consumption (kWh) 229.50 218.35 205.29 196.00 212.43 166.99 136.23 161.12 200.99 228.39 230.64 190.87 

Avg. Load (kW) 9.56 9.10 8.55 8.17 8.85 6.96 5.68 6.71 8.37 9.52 9.61 7.95 

Base Load (kW) 9.56 9.10 8.55 8.17 8.85 6.96 5.68 6.71 8.37 9.52 9.61 7.95 

Peak Load (kW) 9.56 9.10 8.55 8.17 8.85 6.96 5.68 6.71 8.37 9.52 9.61 7.95 

Average 

Consumption (kWh) 512.29 487.39 458.24 437.49 474.18 372.75 304.08 359.65 448.65 509.79 514.81 426.05 

Avg. Load (kW) 21.35 20.31 19.09 18.23 19.76 15.53 12.67 14.99 18.69 21.24 21.45 17.75 

Base Load (kW) 9.58 9.12 8.57 8.19 8.87 6.97 5.69 6.73 8.39 9.54 9.63 7.97 

Peak Load (kW) 36.28 34.51 32.45 30.98 33.58 26.40 21.53 25.47 31.77 36.10 36.46 30.17 

 

 

It can be seen from Table 3 and Table 4 that the annual average load of the 

StudentCentrum building has been estimated at approximately18kW. The average 

weekday peak has been calculated from this 18kW average load, using the ratios 

described in Table 2 (the weekday peak being 175% of average load), and is estimated to 

be 31.5kW. This value can be used as the average total load of electricity drawing 

devices within the buildings.  

 

The 31.5kW peak load value is validated  by the commonly referenced energy 

consumption guide produced by the Building Research Establishment Sustainable 

Energy Centre (BRESEC) (2003) which provides guidelines for the amount of installed 

capacity of electrical equipment in office buildings per m
2
. The capacity quoted ranges 
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from 10-18 W/m
2
 for installed office equipment and lighting. Due to the varied use of 

the building, the internal load can be split between the offices and the StudentCentrum. 

Assuming 10W/m
2
 for the office usage (on the lower end of the scale due to energy 

saving systems such as motion detection lighting) and 5W/m
2
 for the StudentCentrum 

area (smaller than an office due to the large amount of area taken up by the low 

electricity intensity of the open landscape break area) gives a value of 31W/m2. These 

figures are explained in more detail in Table 5. 

 
Table 5: Building Area and Estimated Loads (Source Uppsala University Campus Gotland, 2014) 

Building Name 
Area 
(m2) 

Estimated 
Load 

(W/m2) 

Total 
Estimated 
Load (kW) 

Studentcentrum (D Huset) 1694 5 8.47 

Offices (C Huset) 2250 10 22.5 

  

Total 30.97 

 

(Uppsala University Campus Gotland, 2014) 

4.5 Environmental Data 

The environmental data used in this study comes from the data contained within the 

RETScreen climate database. The nearest site to Campus Gotland with weather data is 

located in the city of Visby, with the latitudinal and longitudinal coordinates of 57.63, 

18.28. It is located approximately 1.15km from the proposed StudentCentrum building 

and is shown in Figure 5. 

 

 
Figure 5: Location of Wind Measurement Site 
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It can be seen from Figure 5 and Table 6 that the wind data is recorded from an 

anemometer located above a building 10 meters above the ground, but there are no 

physical solar measurements. The solar data is from the NASA Surface Meteorology and 

Solar Energy data which are satellite-derived values. As seen below, and as expected and 

noted in previous literature, the wind resources are highest in the winter months and the 

solar resources highest during the summer months. 

 
Table 6: Calculation Input Data 

Month 
Air 

temperature 
Relative 
humidity 

Daily solar 
radiation 

(horizontal) 
Atmospheric 

pressure 
Wind 
speed 

Earth 
temperature 

Heating 
degree-

days 

Cooling 
degree-

days 

  °C % kWh/m²/d kPa m/s °C °C-d °C-d 

Jan -0.5 72.8% 0.39 100.6 7.4 3.7 574 0 

Feb -1.2 72.8% 1.02 101.0 6.5 2.7 538 0 

Mar 0.7 73.7% 2.55 100.8 6.0 2.6 536 0 

Apr 4.1 73.9% 4.00 100.8 5.4 3.7 417 0 

May 9.5 73.3% 5.49 101.1 5.0 7.0 264 0 

Jun 14.0 75.1% 6.87 100.8 4.8 12.1 120 120 

Jul 16.4 74.6% 5.93 100.6 4.7 16.4 50 198 

Aug 16.0 72.6% 4.73 100.8 4.9 17.6 62 186 

Sept 12.4 71.3% 2.90 100.8 5.8 14.8 168 72 

Oct 8.5 72.3% 1.41 100.9 6.3 11.0 295 0 

Nov 4.3 73.0% 0.52 100.6 6.4 7.7 411 0 

Dec 1.2 73.2% 0.29 100.4 6.7 5.3 521 0 

Annual 7.2 73.2% 3.02 100.8 5.8 8.8 3,954 576 

Source Ground Ground NASA NASA Ground NASA Ground Ground 

Measured 
at   

10 m 0 m 
  

  

4.6 System Design 

As outlined previously there will be 4 different proposed systems and they will be made 

up using different combinations of wind turbine and solar PV components. These are 

described in subsections 4.6.1 and 4.6.2 with the overall system design described in 

subsection 4.6.3. 
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4.6.1 Wind Turbines 

Although there are some reported benefits to using the VAWT design, for the purposes 

of this study, micro-mid scale HAWT concepts will be used in the system design for this 

case study. This is due to the HAWT concept having more of a proven design as outlined 

in the Literature Review of this Thesis.  

Two wind turbines have been selected for use within the proposed systems. These are a 

3.6kW Finnwind Tuule wind turbine and a 5kW rated Hummer H6.4 wind turbine. 

The Finnwind Tuule has been chosen due to its favourable weight and sizing, both in 

terms of logistics, and also to with respects to obtaining planning permission. In 

addition, the turbine has been designed for the Nordic climate, meaning that any snow or 

icing experienced on the blades should, in theory, not increase the amount of 

maintenance required compared to other turbines.  

The Hummer H6.4 turbine has been chosen due to its relatively similar sizing to the 

Finnwind Tuule turbine, but its proportionally larger potential output. The turbine is 

described in its advertising literature as a 5kW turbine which is reached in wind speeds 

of 10m/s. However, in higher wind speeds, the turbine has a maximum capacity of 7.6 

kW. 

The power curves for these turbines used as inputs for the RETScreen energy generation 

calculations can be found in Appendix A. 

The tower of both turbines will be simulated to elevate the hub height to 7 meters above 

the surface of the roof. This height of tower has been used as a method of raising the hub 

height to account for the resistance effect the building has on the wind, as well as take in 

to consideration the relationship between the hub height and the rotor diameter of the 

turbines. At the same time there has been an attempt to keep the tower height relatively 

low to minimise the visual impact and to increase the chances of planning permission 

being granted.  
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When multiple turbines are installed at the same site, there is a potential for losses due to 

'wake effects'. This is due to a situation when the wind direction means that one turbine 

stands downwind of the other meaning the wind resources for this turbine are reduced. In 

the energy calculations, a value of 4% has been included when 2 turbines are included in 

the system, as this value falls within the recommendations in the RETScreen software 

(RETScreen International, 2013). 

When using wind speed data from measurements for calculations which are not directly 

from the proposed site, a wind shear component of the site must be taken in to 

consideration. The wind shear component relates to the surface roughness of the 

surrounding area. Due to the location of the building being on the coast of an urban 

environment, a wind shear component of 0.35 has been used in the calculations. This is a 

conservative wind shear component value, in line with a value of 0.4 for urban 

environments, and 0.1 for a smooth surface such as the sea (RETScreen International, 

2013). A conservative value has been used to compensate for the possibility of over 

estimations from wind power generation calculations as suggested in Sections 2.7 and 

2.8. 

A 3m x 3m area has been set aside for the support structures requited for securing the 

turbine tower to the roof of StudentCentrum. 

4.6.2 Solar PV 

Due to the findings in the Literature Review, it has been determined that the solar panels 

used in the simulated hybrid systems in this Thesis will be made from the mono-

crystalline silicon material.    

The chosen model for use in this feasibility analysis is a Samsung LPC250SM which 

will be secured to the roof in a fixed position (i.e. the panels will not track the path of the 

sun). They will be in a fixed position in order to simplify the installation and 

maintenance of the system. The angle of elevation from the floor of the installation will 

be 58º as this is equal to the absolute value of the latitude of the site, which generally 
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maximises the annual solar radiation in the plane of the solar collector (RETScreen 

International, 2013). The orientation of the building means that the most surface area of 

the roof can be utilised when the solar panels face the south-west, meaning that the 

azimuth angle used in the calculations will be 45º (RETScreen International, 2013). The 

specifications of the panels can be found in Appendix B. 

It can be seen from Appendix B that the dimension of each solar panel is 1630mm x 

980mm. It will be assumed that the solar panels will be constructed in a portrait 

orientation, two panels high. Using basic trigonometry as shown in Appendix C, this 

means that the required roof surface area for two solar panels is 1.73m x 0.98m. 

4.6.3 Case Study System Design 

The system designs proposed will have the aim of covering the base load of the building 

in question. This is in main, due to the potential capacity of a system being largely 

dictated by the amount of area on the roof of the proposed building. This means it is 

unlikely to be able to propose system designs which have the potential to satisfy the 

entire demand of the building. In addition, the energy generation calculation method and 

data used by RETScreen is calculated over a monthly time period, rather than hourly, 

meaning it is not possible to predict the daily peaks and troughs of electricity generation 

to see if it matches the predicted hourly electricity demand of the building.  

It has been decided that in order to reduce the amount of installation and maintenance 

complexity, only the flat roof of the StudentCentrum building will be used to locate the 

wind turbines and solar PV panels. The area of the roof has been approximated using 

measurements of satellite imagery, combined with physical measurements. The total 

area of the roof is approximately 610m
2
. However there are raised sections on the roof 

amounting to approximately 70m
2 

which have not been considered for solar panel or 

wind turbine installation. Taking in to consideration the estimated shading areas as well 

as access to the turbines, solar panels and roof maintenance, 9m
2
 has be set aside for 

each turbine installed and a total of 74.4m
2
 allocated for the solar power installation. The 
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solar allocation is split in to 3 sections with the dimensions 23m x 1.73m, 17m x 17.3m 

and 3m x 1.73m, which translates into 86 solar panels or 21.5kW of installed capacity. 

The approximate area of the roof has been produced in the CAD application SketchUp in 

order to illustrate the suggested positioning of the wind turbines and solar panels. This is 

shown in Figure 6.  

 

Figure 6: Proposed Layout of Systems 

   

Taking the technology described in the previous subsections, and the above dimensions 

in to account, the following system configurations will be investigated: 

1) 1 x 3.6kW Tuule wind turbine and 21.5kW of installed solar PV (25.1kW total) 

2) 2 x 3.6kW Tuule wind turbine and 21.5kW of installed solar PV (28.7kW total) 

3) 1 x 7.6kW H4.6 wind turbine and 21.5kW of installed solar PV (29.1kW total) 

4) 2 x 7.6kW H4.6 wind turbine and 21.5kW of installed solar PV (36.7kW total) 
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CHAPTER 5.   APPLICATION OF THE METHODOLOGY AND 

RESULTS  

5.1 Introduction to Energy Calculation Results  

In this chapter the results of the RETScreen calculations are displayed for each 

technology investigated. Due to the daily and monthly averages recorded and used by 

RETScreen as mentioned in previous sections, it is not possible to see the daily hourly 

estimations of when the electricity will be generated. Therefore, the total estimated 

energy produced in one month is presented.  

In addition, the amount of energy produced is compared to the base load of the building, 

and the maximum initial investment and the resulting cost per MWh is are shown for 

each system. 

5.2 Solar 

This section shows the estimated solar PV energy generation calculated using 

RETScreen as described in section 3.1 using the solar PV system parameters described 

in Section 3.5.2 and 3.5.3.  

The daily solar radiation on a horizontal surface extrapolated from the NASA database  

and the calculated daily solar radiation on a surface taking in to account the azimuth 

angle and the elevation angle of the solar panels. The tilted solar radiation data is 

combined with the data of the designed solar PV part of the system to estimate the 

amount of energy generated for each month of the year.  

Table 7 shows the solar radiation of the site and the estimated monthly energy 

generation of the solar PV system. An overview of the solar PV part of the hybrid 

system is shown in Table 8, with an annual overview of the efficiency and energy 

generation shown in Table 9.  
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Table 7: Solar Resources and Output 

 Daily solar radiation - 
horizontal 

Daily solar 
radiation - tilted 

Estimated 
Generated 

Energy 
 

 
kWh/m²/d kWh/m²/d MWh 

January 0.39 0.82 0.466 

February 1.02 1.72 0.87 

March 2.55 3.47 1.907 

April 4.00 4.32 2.265 

May 5.49 5.16 2.739 

June 6.87 6.10 3.058 

July 5.93 5.39 2.781 

August 4.73 4.81 2.48 

September 2.90 3.47 1.767 

October 1.41 2.18 1.175 

November 0.52 1.00 0.538 

December 0.29 0.69 0.387 

Annual 3.02 3.27 20.433      
 

Table 8: Solar PV Data 

Type mono-Si     

Power capacity (kW) 21.50     

Manufacturer Samsung   

Model mono-Si - LPC250SM (86 units) 

Efficiency (%) 15.6%     

Nominal operating cell temperature (°C) 45     

Temperature coefficient (% / °C) 0.40%     

Solar collector area (m²) 138     

 

Table 9: Annual Solar PV Summary 

Summary 

Capacity factor % 10.8 

Electricity delivered to load MWh 20.433 
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5.3Wind - 1 x Finnwind Turbine 

This section shows the estimated wind energy generation calculated using RETScreen as 

described in section 3.1 using the wind turbine parameters for a single Finnwind Turbine 

as described in Section 3.5.1 and 3.5.3.  

The average wind speed measured at the site for each month of the year is used as an 

input in to the calculations, combined with the data of a single Finnwind Tuule turbine to 

estimate the amount of energy generated for each month of the year.  

Table 10 shows the average monthly wind speed of the site and the estimated monthly 

energy generation of the wind turbine. An overview of the specifications of the 

Finnwind turbine is shown in Table 11, with an annual overview of the efficiency and 

energy generation shown in Table 12. 

Table 10: 1 x Finnwind Resource and Output 

 

Wind 
speed 

Estimated 
Generated Energy 

 
m/s MWh 

January 7.36 1.567 

February 6.47 1.258 

March 5.97 1.253 

April 5.43 1.053 

May 5.02 0.950 

June 4.78 0.832 

July 4.66 0.814 

August 4.86 0.880 

September 5.77 1.115 

October 6.34 1.311 

November 6.42 1.304 

December 6.69 1.419 

Annual 5.81 13.763 

Measured at 10 m  

Wind shear exponent 0.35  
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Table 11: 1 x Finnwind Turbine Data 

Power capacity per turbine (kW) 3.6 

Manufacturer Finnwind 

Model Tuule 

Number of turbines 1 

Power capacity (kW) 3.6 

Hub height (m) 18.0 

Wind Speed at hub Height (m/s) 7.1 

Rotor diameter per turbine (m) 5 

Swept area per turbine (m²) 20 

Energy curve data Standard 

Shape factor 2.0 
 

Table 12: 1 x Finnwind Summary 

Summary 

Capacity factor % 43.6 

Electricity delivered to load MWh 13.7 

 

5.4 Wind - 2 x Finnwind Turbines 

This section shows the estimated wind energy generation calculated using RETScreen as 

described in section 3.1 using the wind turbine parameters for a single Finnwind Turbine 

as described in Section 3.5.1 and 3.5.3.  

The average wind speed measured at the site for each month of the year is used as an 

input in to the calculations, combined with the data of two Finnwind Tuule turbines to 

estimate the amount of energy generated for each month of the year.  

Table 13 shows the average monthly wind speed of the site and the estimated monthly 

energy generation of the wind turbines. An overview of the specifications of the two 

Finnwind turbines is shown in Table 14, with an annual overview of the efficiency and 

energy generation shown in Table 15.  
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Table 13: 2 x Finnwind Resource and Output 

 

Wind 
speed 

Estimated 
Generated Energy 

 
m/s MWh 

January 7.36 3.010 

February 6.47 2.417 

March 5.97 2.407 

April 5.43 2.023 

May 5.02 1.825 

June 4.78 1.599 

July 4.66 1.564 

August 4.86 1.690 

September 5.77 2.141 

October 6.34 2.517 

November 6.42 2.505 

December 6.69 2.726 

Annual 5.81 26.425 

Measured at 10 m  

Wind shear exponent 0.35  
 

 
Table 14: 2 x Finnwind Turbine Data 

Power capacity per turbine (kW) 3.6 

Manufacturer Finnwind 

Model Tuule 

Number of turbines 2 

Power capacity (kW) 7.2 

Hub height (m) 18.0 

Wind Speed at hub Height (m/s) 7.1 

Rotor diameter per turbine (m) 5 

Swept area per turbine (m²) 20 

Energy curve data Standard 

Shape factor 2.0 

 

Table 15: 2 x Finnwind Summary 

Summary 

Capacity factor % 41.9 

Electricity delivered to load MWh 26.43 
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5.5 Wind - 1 x Hummer Turbine 

This section shows the estimated wind energy generation calculated using RETScreen as 

described in section 3.1 using the wind turbine parameters for a single Finnwind Turbine 

as described in Section 3.5.1 and 3.5.3.  

The average wind speed measured at the site for each month of the year is used as an 

input in to the calculations, combined with the data of a single Hummer H6.4 turbine to 

estimate the amount of energy generated for each month of the year.  

Table 16 shows the average monthly wind speed of the site and the estimated monthly 

energy generation of the wind turbine. An overview of the specifications of the Hummer 

turbine is shown in Table 17, with an annual overview of the efficiency and energy 

generation shown in Table 18. 

Table 16: 1 x Hummer Resource and Output 

 

Wind 
speed 

Estimated 
Generated Energy 

 
m/s MWh 

January 7.36 2.481 

February 6.47 1.964 

March 5.97 1.920 

April 5.43 1.575 

May 5.02 1.386 

June 4.78 1.196 

July 4.66 1.162 

August 4.86 1.269 

September 5.77 1.694 

October 6.34 2.036 

November 6.42 2.032 

December 6.69 2.225 

Annual 5.81 20.939 

Measured at 10 m  

Wind shear exponent 0.35  
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Table 17: 1 x Hummer Turbine Data 

Power capacity per turbine (kW) 7.6 

Manufacturer Hummer 

Model H6.4 

Number of turbines 1 

Power capacity (kW) 7.6 

Hub height (m) 18.0 

Wind Speed at hub Height (m/s) 7.1 

Rotor diameter per turbine (m) 3 

Swept area per turbine (m²) 32 

Energy curve data Standard 

Shape factor 2.0 

 

Table 18: 1 x Hummer Summary 

Summary 

Capacity factor % 35.1 

Electricity delivered to load MWh 20.93 

 

5.6 Wind - 2 x Hummer Turbines 

This section shows the estimated wind energy generation calculated using RETScreen as 

described in section 3.1 using the wind turbine parameters for a single Finnwind Turbine 

as described in Section 3.5.1 and 3.5.3.  

The average wind speed measured at the site for each month of the year is used as an 

input in to the calculations, combined with the data of two Hummer H6.4 turbines to 

estimate the amount of energy generated for each month of the year.  

Table 19 shows the average monthly wind speed of the site and the estimated monthly 

energy generation of the wind turbines. An overview of the specifications of the two 

Finnwind turbines is shown in Table 20, with an annual overview of the efficiency and 

energy generation shown in Table 21.  

 



 41 

Table 19: 2 x Hummer Resource and Output 

 

Wind 
speed 

Estimated 
Generated Energy 

 
m/s MWh 

January 7.36 4.763 

February 6.47 3.770 

March 5.97 3.687 

April 5.43 3.024 

May 5.02 2.661 

June 4.78 2.296 

July 4.66 2.231 

August 4.86 2.437 

September 5.77 3.252 

October 6.34 3.910 

November 6.42 3.901 

December 6.69 4.271 

Annual 5.81 40.203 

Measured at 10 m  

Wind shear exponent 0.35  

 

Table 20: 2 x Hummer Turbine Data 

Power capacity per turbine (kW) 7.6 

Manufacturer Hummer 

Model H6.4 

Number of turbines 2 

Power capacity (kW) 15.2 

Hub height (m) 18.0 

Wind Speed at hub Height (m/s) 7.1 

Rotor diameter per turbine (m) 3 

Swept area per turbine (m²) 32 

Energy curve data Standard 

Shape factor 2.0 

 

Table 21: 2 x Hummer Summary 

Summary 

Capacity factor % 30.2 

Electricity delivered to load MWh 40.20 
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5.7 Electricity Generation, Demand and Income  

It can be seen in Table 22 that System 4 is estimated to exceed the average base load in 

the months of June and July, and System 2 exceeds the base load in July. Therefore, the 

average excess power generated in these hours over what  has been assumed to be the 

base load  will be presumed to be sold to the grid at a price of  141 SEK/MWh in June 

and 85 SEK/MWh in July. These are average spot prices the for these months in 2015 in 

the region of Sweden in which Gotland is a part of (SE3) (Nord Pool, 2016).  

Any over-generation is assumed to be sold to the grid, with the income added to the 

estimated monthly savings and income, and the savings for the number of hours of over 

generation subtracted. The estimated monthly and annual savings and  income for each 

system is shown in Table 23.  

Table 22: Differences in Generated Loads and Demand 

  

Estimated Daily Average Generated Load 
(kW) 

Estimated 
Average 

Consumed 
Base Load 

(kW) 

Difference (kW) 

 
System 1 System 2 System 3 System 4 

System 
1 

System 
2 

System 
3 

System 
4 

Jan 2.73 4.67 3.96 7.03 9.58 6.84 4.91 5.62 2.55 

Feb 2.86 4.42 3.81 6.24 9.12 6.26 4.70 5.31 2.88 

Mar 4.25 5.80 5.14 7.52 8.57 4.32 2.77 3.42 1.05 

Apr 4.61 5.96 5.33 7.35 8.18 3.57 2.22 2.85 0.83 

May 4.96 6.14 5.54 7.26 8.87 3.91 2.73 3.32 1.61 

Jun 5.40 6.47 5.91 7.44 6.97 1.56 0.50 1.06 -0.47 

Jul 4.83 5.84 5.30 6.74 5.69 0.85 -0.15 0.39 -1.05 

Aug 4.52 5.61 5.04 6.61 6.73 2.21 1.12 1.69 0.12 

Sep 4.00 5.43 4.81 6.97 8.39 4.38 2.96 3.58 1.42 

Oct 3.34 4.96 4.32 6.83 9.53 6.19 4.57 5.21 2.69 

Nov 2.56 4.23 3.57 6.16 9.63 7.07 5.40 6.06 3.46 

Dec 2.43 4.18 3.51 6.26 7.97 5.54 3.78 4.46 1.71 

Annual 
Average 

3.90 5.35 4.72 6.92 8.27 4.36 2.92 3.54 1.34 
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Table 23: Monthly Generation and Savings/Income  

 
System 1 System 2 System 3 System 4 

 

Energy 
Generated 

(MWh) 

Potential 
Savings 

(SEK) 

Energy 
Generated 

(MWh) 

Potential 
Savings 

(SEK) 

Energy 
Generated 

(MWh) 

Potential 
Savings 

(SEK) 

Energy 
Generated 

(MWh) 

Potential 
Savings & 
Income 

(SEK) 

Jan 2.034 2,034 3.476 3,476 2.947 2,947 5.229 5,229 

Feb 2.129 2,129 3.287 3,287 2.834 2,834 4.640 4,640 

Mar 3.160 3,160 4.314 4,314 3.827 3,827 5.594 5,594 

Apr 3.319 3,319 4.288 4,288 3.840 3,840 5.289 5,289 

May 3.690 3,690 4.564 4,564 4.125 4,125 5.400 5,400 

Jun 3.891 3,891 4.657 4,657 4.254 4,254 5.354 5,120 

Jul 3.596 3,596 4.345 4,089 3.943 3,943 5.012 4,776 

Aug 3.360 3,360 4.170 4,170 3.749 3,749 4.917 4,917 

Sep 2.882 2,882 3.908 3,908 3.461 3,461 5.019 5,019 

Oct 2.486 2,486 3.692 3,692 3.211 3,211 5.085 5,085 

Nov 1.843 1,843 3.043 3,043 2.570 2,570 4.439 4,439 

Dec 1.807 1,807 3.113 3,113 2.612 2,612 4.658 4,658 

Annual 34.196 34,196 46.858 46,602 41.372 41,372 60.636 60,166 

 

5.8 Initial Investment for Installation 

The initial investment for installation is the figure used for comparison of the proposed 

different systems. In addition to the energy calculations, financial savings and financial 

income, renewable subsidies are used to calculate the initial investment to achieve a 

hurdle rate of 7%. The incentives for renewable energy in Sweden applicable for the 

proposed systems are limited to the solar installation. The Swedish government will 

provide a grant to cover the cost of 20% of the total solar installation including parts, 

installation and planning permission applications (RES Legal, 2016). Using the Swedish 

solar subsidy, the monthly savings/income from Table 23 and the equations highlighted 

in the methodology, the highest level of initial investment to achieve a 7% return rate 

has been calculated for each system. The energy generated by the wind and solar 

technologies are separated and evaluated individually in order to show the effect of the 

solar PV subsidy. This is shown in Table 24 below.  
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Table 24: Calculated Maximum Investment Costs  

 

System 
1 

System 
2 

System 
3 

System 
4 

Generated Annual total (MWh) 34.196 46.858 41.372 60.636 

Generated Lifetime Total (MWh) 683.92 937.16 827.44 1212.72 

Annual Income/Saving Total (SEK) 34,196 46,602 41,372 60,166 

Annual Income/Saving Wind (SEK) 13,763 26,169 20,939 39,733 

Annual Income/Saving Solar (SEK) 20,433 20,433 20,433 20,433 

Maximum Solar Investment exc. Grant (SEK) 216,467 216,467 216,467 216,467 

Maximum Solar Investment inc. Grant (SEK) 270,584 270,584 270,584 270,584 

Maximum Wind Investment (SEK) 145,807 277,237 221,827 420,933 

Maximum Total Investment (SEK) 416,391 547,822 492,411 691,518 

Maximum Total Investment per MWh Over 
Lifetime Production (SEK/MWh) 

609 585 595 570 
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CHAPTER 6.   DISCUSSION AND ANALYSIS 

It can be seen from the simulated results obtained in Chapter 5 that the location of the 

proposed site appears to be more suited to electricity generation from wind power rather 

than solar power from a financial return point of view. The systems which generate more 

power by wind turbines would appear to be more realistic in terms of the maximum 

investment (i.e. the hardware purchase price and installation costs of the systems) to 

achieve a 7% hurdle rate. When isolating the results of each system in terms of solar and 

wind, it can be seen that the proposed solar PV system is likely to cost more to purchase 

and install than the calculated maximum solar investment. 

This is not a very surprising result due to the global location of Visby as Northern 

Europe and Scandinavia traditionally have better wind resources than solar resources. 

This is likely exaggerated by the selected site, as its location on the coast of the Baltic 

Sea would suggest a good availability of wind resources due to the lack of surface 

friction acting on the wind when it blows inland from the sea. The amount of electricity 

generated from the turbines and the solar PV panels follow the trend of the resources, 

with wind turbines producing more of their electricity in the winter months, and solar 

more in the summer months. However, it should be noted, that there is still a significant 

amount of electricity generated by the wind turbines in summer months, when compared 

to the solar PV energy generated in the winter months.  

The 'Maximum Total Investment per MWh Over Lifetime Production' results show that 

the most cost effective  solution is calculated to be System 4, with the lowest potential 

investment budget per estimated MWh produced over the 20 year system life time. The 

other systems are ranked as in the following order System 2, System 3 and System 1. 

This reinforces the statement that wind power is more suited to the proposed site, as 

System 4 produces the most wind power of the 4 suggested systems.  

Interestingly, System 2 (solar and 2 x Tuule 3.6 kW turbines) produces more electricity 

than System 3 (solar and 1x Hummer 7.6 kW turbine), even though the installed wind 
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and total capacity of System 2 is slightly smaller. This can likely be explained due to the 

different cut in wind speeds the different turbines are rated to, with the Finnwind 

generating a small amount of electricity in wind speeds of 2m/s, and the Hummer 

starting to generate in winds speeds of 3m/s. In addition, even though the Hummer 

turbine has a higher rated capacity, at lower wind speeds the output of the two different 

turbine models is relatively close. This means 2 Tuule turbines can produce almost twice 

as much output as the single Hummer turbine in low wind conditions. The low cut in 

speed of the Finnwind turbine also means that the capacity factor is higher than expected 

for a traditional utility scale turbine.       

Taking the in consideration, mentioned previously in this section, a renewable energy 

system comprising of just wind power is likely more feasible than a hybrid solar PV and 

wind system. This is despite a governmental subsidy being available for solar, but not 

wind. If the Swedish government were to switch to a solar PV incentive scheme which 

incorporated a feed-in-tariff, according to the papers discussed in the Literature Review, 

this could make solar PV systems more feasible in the future. If this were the case, a 

hybrid solar PV and wind system may become a more financially feasible solution 

compared to today's estimations.   
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CHAPTER 7.   CONCLUSIONS 

The objective for this Thesis was to investigate the financial feasibility of a building 

integrated hybrid solar PV and wind power electricity generation system. A case study 

was used as the basis of this investigation which comprised of an academic building 

located in Visby on the Swedish island of Gotland.  

A literature review has been conducted that studies the energy generation software tool 

RETScreen, the wind and solar energy generation technology available and 

governmental subsidies. In addition to this, previous studies have been cited which 

investigate the potential of energy generation using small scale wind power, solar power 

and solar-wind hybrid systems. Subsequently, a methodology has been developed using 

inputs based on the case study. Firstly an estimation the consumption of the building was 

established, using this information combined with the physical dimensions of the 

building roof top, four hybrid solar PV and wind power systems with varying ratios of 

wind power and solar PV capacity were proposed to cover the estimated base load of the 

building. The software tool RETScreen was then used to analyse the potential energy 

generation of each system, taking in to account the technical characteristics of the solar 

PV panels and the wind turbines proposed. From this, the potential financial savings and 

income were calculated assuming the electricity generated from the systems were used 

instead of drawing electricity from the grid, with any excess energy produced by the 

system sold back to the grid. From this the maximum investment costs were calculated 

which would satisfy a hurdle rate of 7%. The system with the lowest cost per MWh 

generated over the system lifetime (using the maximum investment costs as a base) was 

deemed to be the most financially feasible. 

The results show that generally, the systems with higher wind power capacities were the 

most feasible. In addition, multiple turbines rated with lower cut in speeds are likely a 

better choice to use in the system, rather than a single larger turbine with a slightly 

higher cut in speed with similar total capacity. When investigating the solar PV and wind 

power parts of the systems separately it can be seen that wind power is likely a much 
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more financially feasible than solar PV for the site evaluated in the case study, this is 

despite a governmental grant being available for the installation of solar PV, but not for 

wind power.  

Assuming there are no changes in governmental grants, it has been suggested that if this 

work is to be taken further, a system with solely wind power should be investigated. In 

addition, some assumptions made in the calculations carried out in this Thesis should be 

considered. The projected daily electricity generated from wind and solar resources were 

averaged over a period of 24 hours due to the duration of the available data in 

RETScreen. Therefore it is suggested that anemometers and pyranometers should be 

installed to measure actual wind and solar resources on the roof at least every 30 minutes 

for a minimum of a calendar year. This will give a better understanding of the 

availability of the solar and wind resources during a daily, weekly and monthly period. 

These results can also be compared to the RETScreen database input data for the 

purpose of verification. Additionally, if this study were to be taken further, an electricity 

metering system should be installed in the proposed building for a period of a calendar 

year to get an actual electricity consumption patterns and peak and base load readings. It 

should be noted that no annual costs for maintenance or spare parts for the systems have 

been included in the calculations, and there have been no considerations made with 

regards to planning/building permits or the potential sound or vibration effects the 

proposed systems may have upon the building.   
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APPENDIX A.   WIND TURBINE POWER CURVES 
 

Appendix A.1 Finnwind Tuule 
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Appendix A.2 Hummer H6.4 
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APPENDIX B.   SAMSUNG LPC250SM SPECIFICATION 

OVERVIEW 
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APPENDIX C.   SOLAR PANEL INSTALLATION DIMENSIONS 
 

Using an angle of elevation of 58o and the known height of each solar panel of 1630mm, 

and width of 982mm, trigonometry can be used to calculate the amount of floor space 

used up when two panels are installed above each other. 

When two panels are installed one on top of the other, the total length will be: 

                

A representation can be seen in the figure below.  

 

 

Using trigonometry, the two dimensional length of the floor space will be: 

      
 

    
 

Therefore 

                             

This means the floor space taken up by two solar panels is 1.73m x 0.982m. 


