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Abstract

Optimization of a Photovoltaic System at an Office
Complex

Emma Annegren David Hällqvist Karin Salander

Photovoltaics is a method for converting sunlight into electricity by using PV devices.
This report focuses on a pilot project of a PV system installed at the rooftop of an
office complex, PLAN4 in Uppsala. The PV system has been evaluated with respect to
the produced electricity and economic profitability. The report examines the
possibility to optimize the facility in order to better match the electricity load profile
at PLAN4. The optimization is done by changing the tilt angle and azimuth of the
modules. A comparison between the existing and an improved system is done in
order to determine the best match for the electricity demand. The electric power
production was calculated with simulations in the software PVSYST, based on solar
irradiation data and temperature from the year 2013. The result showed that the
existing system has an annual production of 28 % of the electric power used at
PLAN4. However, during midday on clear days, the production sometimes exceeds
the demand and the produced electric power is used by someone else in the building,
and does not generate any economic value for the office. This overproduction
represents 17% of the total production, resulting in a self-sufficiency of 22%. The
self-sufficiency represents the share of the electric consumption that comes from the
PV production, calculated on an hourly basis. An optimization of the system would
result in a small increase in self-sufficiency but the excess production would increase
significantly. An optimization of the system does not generate enough savings to justify
the investment required, although more electric power would be produced.
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List of terms  

AC  Alternating current, movement of electric charge in periodically 
alternate direction 

DC Direct current, movement of electric charge in one constant direction 

PV Photovoltaics. Direct conversion of solar irradiation into electricity 

Albedo value Value to evaluate different materials capability to reflect solar 
insolation, defines between 0 (minimum) and 1 (maximum) 

BOS Balance of system 

Excess production Electricity produced by the PV system that exceeds the load profile at 
PLAN4 during daytime 

MPPT Maximum Power Point Tracking. A control strategy in the inverter, 
which maximize the electric power production 

STC  Standard Test Conditions, used to determine PV cell efficiency 

Wp Unit to define the nominal or peak power produced for PV modules at 
STC 

kWh To measure the production of the system, the unit kWh is used, 
measuring how much energy the system produces in an hour, 
kilowatt-hour = kilowatt × hour 

PVSYST Software used to calculate electricity production for a given system  
[1] 

Public grid  Standard grid, 230V, 50 Hz 

Sunnyportal Online digital log for the electricity production at PLAN4[2] 

Self sufficiency The percentage of electricity provided to PLAN4 by the PV-system 
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1. Introduction 
The region of Uppsala has set up a goal to reduce the greenhouse gas emissions per 
citizen by 50 % by the year 2020, compared to the levels from 1990. Furthermore 
Uppsala´s goal is to be a climate neutral city by the year 2050. To reach this goal there 
has to be an increase in the usage of renewable energy sources [3] 

Solar irradiation provides the largest renewable energy potential on earth and one option 
is to harvest the energy from the sun by using Photovoltaic (abbreviated PV) [4] 
Uppsala municipality's target is that by 2020, 30 MW of PV systems will be installed, 
and by 2030, the installed power will sum up to 100 MW. [5] The installation of a PV 
system can easily be made on rooftops to generate electricity from solar irradiation, and 
that is the most efficient way to produce electricity direct from solar irradiation.[6] In 
2011 the globally installed capacity of PV systems increased by 74% and by another 
40% in 2012. [4] Because of the increasing interest in lowering greenhouse gas 
emissions, an increase in demand along with a technical development of PV systems 
has led to more competitive pricing. [7] 

In the effort to lower greenhouse gas emissions in Uppsala, STUNS Energy helps to 
implement new solutions. STUNS energy is a foundation located in Uppsala, which has 
collaboration with Uppsala University, the business sector and the community of 
Uppsala. Their main mission is to develop new ways to match supply and demand 
regarding sustainable energy solutions. They are primarily working with test projects 
where companies and organisations can collaborate by testing and be introduced to new 
sustainable systems. [8] Since solar panels are easily installed on rooftops, the 
technology is very interesting for many real estate owners. To promote the technology 
of PV systems in the region, STUNS Energy has initiated a pilot project at an office 
complex in collaboration with the real estate company Ihus, owned by the municipality 
of Uppsala. The test project provides the office concept PLAN4 at Salagatan 18, 
Uppsala, with renewable energy from solar panels. [9] 

The main objective with this pilot project is for the real estate owner to learn more 
about PV technology and evaluate the benefits from it before further application at a 
bigger project, under construction by Ihus. This project is located in Vaksala-Eke and is 
a sustainable industrial area mostly powered by renewable energy sources as a step 
towards meeting the regional climate objectives.[9] 
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1.1 Purpose 

The report will evaluate the improvements that an optimizing can do the existing PV 
system, and evaluate the costs and benefits of this optimization. The current system was 
installed in September 2013, the production during the rest of the year is unknown. 
Therefore the report will evaluate the power production and economic benefits during a 
whole year with simulations in the software PVSYST. The report will also examine the 
customer’s point of view on the system in a survey, regarding the sustainable energy 
solutions at the office complex. 

In order to achieve the purpose, the report will answer following questions: 

1) How does the solar production match the electricity consumption at Ihus 
PLAN4?  
 

2) What improvements could an optimizing of the existing PV system give?  
 

3) How could the electricity price fluctuation affect the profitability of the PV 
system? 

 
4) What meaning does the existing PV system hold for the tenants at PLAN4? 

1.2 Delimitations 

The PV system at Ihus PLAN4 was installed in September 2013 and therefore the 
gathered production data from the facility is dated from 1/10 2013 to 30/4 2014. To gain 
electricity production data from outside of this period, simulations has to be done, using 
PVSYST. The simulation is delimited to solar irradiation data from STRÅNG the year 
2013[10].  

It is possible to place solar panels vertically, on for examples house walls, but this 
report will only examine the possibility of optimizing the panels placed on the rooftop 
of Ihus. 

In the report no consideration is taken to the cost for labour and working cost for 
installation of the system.  

It is very hard to predict future energy prices since there are many parameters, which 
affects the price. To investigate how the future electricity price affects the profitability 
of the PV system, the report is delimited to study a 25-year period, since that is the life 
expectancy of a solar PV system. 

The inverter is assumed to fail one time during the examined lifetime of the system. 
This is motivated by the fact that there is a 5 year warranty on the inverter and that it 
has an average lifetime of 10 years or more.[11] The inverters are assumed to improve 
in average lifetime until the need to change the inverter occurs.  
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1.3 Report outline 

In section 2, a presentation of the relevant background information concerning the PV 
system is illustrated. Primarily the technological and economic and aspects are 
presented. Further, some background about the pilot project at Ihus is illustrated to 
clarify the aim of the installation. 

In section 3, the methods and data are presented. This involves the properties of the case 
study, and values such as the economical estimations, the solar irradiation and the 
temperature used in the simulations are presented. Additionally, the software that was 
used to model and simulate the electricity production is illustrated.  

Section 4 describes the outcome and results from the simulations. The calculations are 
presented and involve the electricity consumption and production; return of investment 
for different optimizations and the effect of extrapolation of the electricity price. Also, a 
sensitivity analysis is presented in order to validate the models used and to search for 
weaknesses in the results. 

In section 5, a discussion is presented about the different results and their connection to 
the background. The discussion contains source criticism and an assessment of the 
validity of the results. 

Section 6 includes summations of the most relevant results are presented in order to 
answer the research questions and fulfil the aim of the report. 

2. Background  
The sun is the most important energy source for the earth, and with large quantities of 
solar irradiation the potential to extract its energy is huge. To transform solar irradiance 
into electricity, PV systems have been developed to match a rapidly growing demand 
for renewable energy production. Taking advantage of the solar radiation is, for 
example, one of the most effective approaches for improving the self-sufficiency of 
buildings.[12] 

2.1 STUNS Energy 

STUNS Energy is a foundation for collaboration between Uppsala University, the 
business sector and the public sector. The abbreviation STUNS stands for ”Stiftelsen för 
samverkan mellan Universiteten i Uppsala, Näringsliv och Samhälle”. Their mission is 
to contribute to sustainable enterprises in the Uppsala region by promoting new 
innovations and technical sustainable solutions. In 2013 and 2014 STUNS Energy is 
primarily working with test projects within energy technology. The Swedish Energy 
Agency supports a number these projects where the municipality of Uppsala is the 
owner, and where STUNS Energy is responsible for disseminating information and 
experience from these. By testing new energy solutions, it can enhance resource 
efficiency and added value within companies and organizations. But according to 
STUNS Energy, some well tested sustainable technologies have not yet made a major 
breakthrough in Sweden. This is the case for example solar cells and in these situations 
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it is even more important to increase people’s awareness by informing the benefits of 
renewable energy sources. [8] An ongoing test project that STUNS currently is working 
with is a pilot project at the real estate company Ihus, with operations in Uppsala. 

2.2 Ihus PLAN4 

Ihus is a municipality owned real estate company, and recently they have developed a 
concept, which can be described as a flexible office for entrepreneurs, small businesses, 
and digital nomads. The concept is called PLAN4 and provides office spaces including 
services such as cleaning and technical support etc. from single days to long-term 
contract. The number of members varies but right now there are about 70 individual 
tenants, from 25 companies, that have activities at PLAN4. The size of the companies 
varies from one person start-ups to established companies with many employees. In 
addition to the room offices the customers get access to a lounge at an open plan office. 
The customers have access to the office 24 hours a day and a staffed reception during 
office hours. Generally, it is fewer customers during the summer months, but many 
small business owners keep their businesses running even during holiday periods. [13] 

As part of Ihus environmental work a PV system of 10 kWp was recently installed on 
the roof of the property. The PV system is connected to a switchboard that supplies the 
office with electricity. [14] To measure the production of the system, the unit kWh is 
used, and it reflects how much energy the system produces in an hour, kilowatt-hour = 
kilowatt × hour. [15] The electricity production data is logged in a programme called 
Sunnyportal that keeps hourly updates regarding the yield of electricity. [2] The 
production of electricity is made without any kind of pollution or hazardous waste. [16] 

2.3 Components of a photovoltaic system 

Generally PV systems are classified according to their functional and operational 
requirements and how the equipment is connected to other power sources. One common 
type of system is the grid-connected system, which has the possibility to feed power 
into the public grid. This is a form of decentralized electricity production that does not 
usually include batteries for storage, because the main grid can utilize all the power that 
is provided.[17] The annual power generated by a grid-connected system is calculated 
as the sum of the hourly production over the entire year in kWh. 

The size and configuration of a grid-connected system are critical for evaluating the 
profitability and environmental performance. The search for an optimal arrangement of 
the collectors constitutes an important challenge.[18] The production depends on many 
parameters such as the PV module`s peak power, solar irradiation, PV module 
temperature, shading, inverter efficiency, maximum power point tracking losses and the 
arrangement of various electrical connections. There are three main components in a 
grid connected system: the PV-modules, the inverter, and the load.[18] 
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Figure 1. Model of the PV system. 

DC electricity is produced by the modules, then converted by an inverter to AC 
standard, distributed to the load at PLAN4, and the excess electricity is distributed to 
the rest of the building. The PV system at Ihus does not produce enough power to 
distribute to the public grid, but technically it is possible. [14]   

2.3.1 Solar Cells and Modules  

On the way towards widening the photovoltaic market in the future, there are important 
demands to take into account when developing the energy system, such as high 
efficiency, low cost, and stability. Today there are a mainly three types of solar cells 
which are more commonly used, but the crystalline silicon PV cell with its high 
efficiency and stability is dominating the solar cell market with a share of about 90%. 
Unfortunately, the cost burden of the PV system is the main reason for retardation of 
mass deployment.[19]  

Photovoltaic systems are composed of photovoltaic cells and devices that convert solar 
irradiance directly into electricity. The cells are made of semiconducting material, often 
silicon, which consists of positive and negative doped layers. Photons from the sunlight 
are absorbed creating a dispatchment of the electrons from the negative layer towards 
the positive layer, and this flow of electrons produces DC electricity. [20] The power 
output of the PV cell depends on its efficiency, temperature, spectral distribution and 
surface area.[21]  

Each module consists of approx. 36 PV cells that are sealed in the laminate, and these 
are the fundamental building blocks of the PV system. All the strings of modules should 
be homogeneous, which means they should have identical modules, same number of 
modules in series and the same orientation.[20] Today’s photovoltaic modules are very 
reliable, with minimal failure rates and expected lifetimes of 20 to 30 years.[22]  
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Figure 2. Modules at the roof of Ihus PLAN4. [2] 

The performance of the PV modules is generally rated according to their maximum DC 
power output under STC. These conditions are defined by a module operating 
temperature of 25° C, incident solar irradiance level of 1000 W/m2 and under Air Mass 
1.5 spectral distribution. These conditions are made for calculating a reference value 
and actual performance is usually 85% to 90% of the standard test conditions rating.[23]  

 

2.3.2 Inverter 

The modules are connected in arrays to an inverter that converts the DC power into 
three phase standard AC power, synchronizing with the utility power whenever the PV 
system is producing electricity. Typical inverters have an efficiency of 95%, there will 
be about 5% power losses when the electricity is converted from DC to AC. The PV 
inverter is one of the components that are most important to get the system as reliable 
and efficient as possible. [24] 

Unlike the PV modules, the inverter has a shorter lifetime expectancy, depending on the 
type of inverter.[11] The cost of the inverter depends mainly on its reliability and 
efficiency.[25]  

Many large PV systems use a maximum power point tracking, frequently referred to as 
MPPT, which is an electronic system that operates the PV modules in a manner that 
allows the modules to produce the power they are capable of. The system is not a 
mechanical tracking system that “physically moves” the modules to make them point 
more directly at the sun. It is a fully electronic system that varies the electrical operating 
point of the modules so that the modules are able to deliver maximum available power 
at any given time. [26]  

2.4 Factors that affects electricity production of a PV system 

The solar irradiation in Sweden is enough to successfully use solar panels, but there are 
a number of important factors which affects how well a location is suited for a 
placement for a solar cell installation. [27] 
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2.4.1 Type of insolation 

There are three different kinds of solar irradiation, direct, diffuse and reflected 
insolation. The direct insolation is the irradiation from the sun that hits the solar panels 
directly without interacting with any particles on the way. Although, when sunlight 
enters the atmosphere it often interacts with particles and clouds, which creates a diffuse 
scattered insolation. Some of the direct insolation can also be reflected on buildings or 
other materials, and is therefore called reflected irradiation.[28] To evaluate different 
materials capability to reflect insolation the albedo value is used. The value varies 
between 0 for no reflection to 1 for complete reflection, but in reality the value varies 
from 0.1 for darker surfaces 0.85 for brighter surfaces such as snow. The total 
irradiation from the sun is called global irradiation and is a generic name for both direct 
and diffuse irradiation.[29] [30] 

 

 

Figure 3. The global insolation in Sweden.[31]  

2.4.2 Azimuth of modules 

Azimuth angle is the angle in the horizontal plane and has an effect on the efficiency of 
the solar panels. The azimuth is defined as the angle from the south, which is defined as 
0°,  west is considered +90° and east -90°. South is used as a reference for the optimal 
angle, since it will be exposed to the most sunlight. [32] 

2.4.3 Alignment of modules 

The tilt angle of a solar energy system is one of the most important parameters for 
capturing maximum solar irradiation. The optimal value is achieved when the panels are 
angled perpendicular towards the irradiation from the sun. Additionally the suns 
irradiation towards the earth varies during the calendar year, and it is also depending on 
geographic location and local climate. The optimal tilt angle is thus site dependent, 
therefore, calculations of this angle requires solar irradiation data for that particular site 
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for the entire year.[33] Angle 0° represents the horizontal plane and 90° is vertical. The 
optimal angle is considered to be between 35-50 ° from the horizontal plane in Sweden. 

2.4.4 Temperature of modules 

The temperature has an impact on the modules efficiency to produce electricity. The 
module temperature directly influences the module’s performances, as the electricity 
output and the efficiency goes down as the module temperature rises. To minimize this 
phenomenon the array mounting should be designed to allow air circulation along the 
back surface of the modules.[34] However, the modules are usually direct mounted at 
the roof since the installation gets easier and less expensive. Direct mounted means the 
array is affixed directly to the roofing material, with little or no airspace between the 
module and roof.[35]  

2.4.5 Shading of modules 

The crystalline PV cells are sensitive to shading and can't produce electricity without 
sunlight. A shadow falling on a group of cells will reduce the total output by two 
mechanisms: by reducing the energy input to the cell, and by increasing energy losses in 
the shaded cells. In a series connected string of cells, all the cells carry the same current. 
Even though a few cells under shade produce less current, these cells are also forced to 
carry the same current as the other fully illuminated cells. If the system is not 
appropriately protected, damaged could arise in terms of hot spots.[36] But the 
destructive effects of hot-spot heating could be avoided through the use of a bypass 
diode. The maximum reverse bias across the poor cell is then reduced to about a single 
diode drop, thus limiting the current and preventing hot-spot heating.[37] Consequently, 
shading should be avoided to the greatest output power as possible. Factors such as 
dust, salt, and snow also contribute to preventing sunlight from reaching the solar 
cells.[38]  

2.5 Economic considerations of PV system 

Since the start of the new millennium, solar power had a major downside since the cost 
per produced unit of electricity was very expensive, compared to other sources. The 
motives to justify an investment were almost only the environmental benefits, but this 
has changed during the last decade due to improved production techniques and Chinese 
manufacturer’s entry to the market. Solar cells produced on a large scale is driving the 
prices down since the price of solar modules has decreased by over 60% between 2005 
and 2011.[39] The trend in module prices can almost always be traced to adjustments at 
the factory gate. In turn, the global supply/demand balance drives the factory gate 
prices, by cuts in production costs, and by changes in government incentives stimulating 
demand. These new price levels have created the possibility to invest in PV power even 
out of an economic perspective.[40] The greatest expense for a PV system is the 
acquisition cost, which involves the purchase of the components plus the PV installation 
cost.[38] The total PV system costs are composed of the sum of module costs plus the 
expenses for the “balance of the system” (BOS), which covers all the additional 
equipment needed to convert the direct current from the solar modules to alternating 
current.[40] BOS includes the wiring, inverter, installation, mounting, and permitting 
costs for a PV system.[41] 



12 
 

Figure 4. Shows the price decrease of a PV system in Europe and USA from 2003 to 
2012 per installed kWp. [39] 

2.5.1 Operations and maintenance cost 

Due to the absence of moving parts and that the modules have a long life expectancy, 
the maintenance requirements of a PV system are low. If the plant's components are 
easily accessible, it makes it easier for inspection and eventual service, which also 
reduces the maintenance cost.[40]  

2.5.2 Government support 

Since 2009 the Swedish government has initiated financial support to projects of 
installation of PV systems. During the period 2013 - 2016 the Government has allocated 
210 million SEK as with the aim to facilitate and promote the usage of renewable 
energy source.  The support gives a subsidy of maximum 35% of the investment cost of 
a PV system. Support is given to different types of actors, such as companies, public 
organizations and private persons.[42]  

3. Methodology  
The section will give a brief overview of which methods that have been used to collect 
the data and achieve the aim of this report.  

3.1 Ihus Case Study 

3.1.1 Existing PV system 

In the Ihus case study the produced electricity will be calculated on an hourly basis, and 
compared to the consumption. Since the PV system was installed in September and no 
production data is available for the summer months the system will be modelled with 
solar irradiation data the rest of the year. The results ranging over a whole year will be 
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compared to the existing logged data from the Ihus rooftop PV-system, where the size 
of the system, angle and azimuth has been optimized to meet the electric power demand 
at PLAN4.  

To calculate the profitability of the systems, different scenarios will be examined 
because of the price trend of electricity that will occur during the lifetime of the PV-
system. The electricity generated from the PV-system will be calculated as electricity 
not bought from the public grid. No calculations for the price of sold electricity are 
needed since all produced electricity will be used in site. The biggest expense in this 25-
year span is the initial investment and installation cost. 

3.1.2 Produced power vs consumed power 

The PV systems produced power, and the power used at Ihus is presented as 
accumulated values with intervals of one hour. How much of the consumption of 
electricity that can be supplied by the production of the PV-system is calculated from 
the relationship between usage and production. This results in two different scenarios, 
the first and most common one is when the usage is greater than the produced power, 
then Ihus has to buy electricity from the main grid distributor Vattenfall to fill the gap. 
The second scenario is when produced electric power is greater than the electric power 
used. Equation no.1 is used to calculate the degree of self -sufficiency achieved at 
PLAN4.  

Self  Suffiency = !"#$%&'$  !"!#$%&#  !"#$%!!"#$%%&'$()  !"#$%&'$  !"!#$%&#  !"#$%
!"#$  !"!#$%&#  !"#$%

 (1) 

When the power used at PLAN4 is lower than the power production of the PV system 
the excess of electric power is not sold to the public grid but distributed to someone else 
in the building. The sum of the electricity produced in excess is calculated on an hourly 
basis by Equation no.2. 

𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑  𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐  𝑝𝑜𝑤𝑒𝑟 − 𝑈𝑠𝑒𝑑  𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐  𝑝𝑜𝑤𝑒𝑟   (2) 

All values greater than zero over one year is summed up and results in the kWh 
produced in excess. The percentage of produced electric power that is in excess is 
calculated with Equation no.3. 

Percentage  excess  production = !"#$%%&'$()  !"#$%&'$  !"!#$%&#  !"#$%
!"#$%&'$  !"!#$%&#  !"#$%

    (3) 

If the produced power should be greater than the used power at Ihus, the power could be 
sold to the public grid, but even at maximum effect the PV system cannot produce more 
electricity than the whole building uses at its lowest load. [13] 

3.1.3 Optimization of current PV system 

An optimization of the existing PV system with regard to tilt angle and azimuth of the 
modules will be compared to the existing system, with respect to amount of produced 
electricity and economic profitability. The solar irradiation, temperature as well as 
power usage at PLAN4 is the same for both systems. An evaluation is done on which 
parameter has the most impact on the result. The resulting production for the existing 
system will be compared to a system with changed azimuth, a system with changed tilt 
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angle and a system with changes done to both tilt angle and azimuth. The produced 
power of the optimized system`s will be compared regarding possibility of self -
sufficiency and excess production cover ratio. 

 

 

Figure 5. Illustrates the relative solar electricity production in relationship to the 
optimized (100%) module installation with different angles and azimuth.[43]  

Since Uppsala is located nearby Västerås, for which the data in the figure are calculated, 
these data are relevant to determine the optimal tilt angle and azimuth of the modules at 
Ihus.  

3.1.4 Financial estimations 

The acquisition cost for the PV system at PLAN4 is 14.43 SEK/Wp. At Ihus the 
acquisition cost is the sum of cost from the modules, the inverter and the installation. 
The modules are from Schuco and the inverter is of type SUNNY TRIPOWER 
10000L.[14] 

The maintenance and operating costs are generally very low for PV systems.[40] 
Because of the low irradiation in Sweden during winter there is a very low benefit of 
maintenance work, due to snow cover.[44] Therefore the maintenance and operating 
cost is estimated to be zero. 

When it comes to lifetime expectancy, a common estimation for a PV system`s lifetime 
is 25 years. [45] The solar modules do not usually fail but experience steady power 
degradation over time. Many suppliers give a module lifetime warranty of an efficiency 
after 25 years at 80% of the original one.[40]  

Depending on the type of inverter the cost can vary widely, according to reliability and 
efficiency. An estimation has been done, that the inverter has to be replaced one time 
during the lifetime of the modules.  
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The economic calculations are based on a constant yearly electric power price. Set to 
1.2 SEK/kWh based on data from Vattenfall.[46] 

3.1.5 Electricity price trend 

The transmission and energy market integration brings the abatement-induced 
electricity tariff increases home to all European countries resulting in a seemingly 
notable increase in the price of electricity in the Nordic countries. [47]  

According to the average Harmonized Consumer Price Index in Sweden between the 
years 2005-2014, the annual inflation rate is 1.5%.[48] The discount rate is assumed to 
be 4%. The increase in electric power price is assumed to be 2.5% annually therefore 
the electric power price “x” years after instalment of the PV system is calculated with 
Equation no.4. 

Electricity  price  "x"  years  after  installment = Initial  price ∗ !.!"#
!

!.!"#!
 (4) 

Over a lifetime of 25 years the economic income can be calculate with Equation no.5. 

𝐼𝑛𝑐𝑜𝑚𝑒  𝑦𝑒𝑎𝑟  (𝑦)!!!"
!!!      (5) 

Break even can be calculated with Equation no.6. 

  𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡  𝑐𝑜𝑠𝑡 − 𝐼𝑛𝑐𝑜𝑚𝑒  𝑦𝑒𝑎𝑟  (𝑦)!!!"
!!!      (6) 

 

Table 1. Data used when calculating the economic benefits of the PV system. 

Type of cost Value (10kWp) Unit 
 

Inverter replacement cost 
 

25 000 
 

SEK 
Inflation 1.5 %/year 

Discount rate 4 %/year 
Subsides 35 % of investment cost 

Degradation of modules 0.9 %/year 
Annual change in grid price 2.5 %/year 

Grid cost of electricity (including tax, VAT) 0.73 SEK/kWh 
Grid tariff 

Initial investment 
0.47 
14.43 

SEK/kWh 
SEK/Wp 

   

 

3.1.6 Geographical conditions 

To gather data for the horizontal global irradiation in Uppsala, the database STRÅNG at 
the Swedish Meteorological and Hydrological Institute SMHI has been used, which in 
turn has been produced with support from the Swedish Radiation Protection Authority 
and the Swedish Environmental Agency. The GPS coordinates specified the 
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geographical location of Ihus: latitude 59.86 and longitude 17.64, to get the irradiation 
at the given position. To collect the temperature measurements from a previous year the 
database at temperatur.nu[49] was used.  

 

Figure 7.The solar irradiance in Uppsala 2013 from STRÅNG database. 

Data from 2013 has been used as an example year, and according to SMHI the year can 
be considered a just above average year in solar irradiance. The data collections made in 
Stockholm is represented in Appendix A, to get an overview of the average solar 
irradiance during the last 12 years. 

 

Figure 6.The temperature in Uppsala year 2013.[50] 

3.2 PV simulation 

This section contains the specified data at Ihus that was used in the simulations. A 
description of the software used for modelling and simulate is also presented. 
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3.2.1 Technological Data 

On the roof of Ihus, 40 modules are connected in series to one inverter. Each module 
consists of 60 silicon cells, and one single silicon cell produces about 0.5V DC under 
open-circuit conditions. Each module has a surface area of 1.6 m2 which gives the total 
area of 64m2, so under peak sunlight condition, the modules have a rated power output 
of 250Wp each. Lastly, the performance of the inverter is likely to be above 95%. Solar 
and production data from the system is logged in the online database Sunnyportal. 

3.2.2 Description- PVSYST  

The programme PVSYST was used for the simulation of selected scenarios. “PVSYST 
software is a tool that allows its user to accurately analyse different configurations and 
to evaluate the results and identify the best solution.“[51] The programme is a 
commercial tool that provides a way to estimate the electricity production of a PV 
system. Electric power production from a given model defined with specific 
requirements is calculated trough a simulation with global solar irradiance and ambient 
temperature.  

The basic requirements for a system are [1]: 
! The available area for installing modules  
! PV system components, chosen in PVSYST database 
! Imported meteorology  
! Type of PV system design (Grid system specification) 
! Geographical data 
! Technical data (azimuth, tilt) [1][49][50] 

First the existing system was modelled, with the azimuth of 45° towards the southwest 
and the modules in parallel with the roof, with a tilt angle of 10°. To assess the tilt 
angles impact on produced power the azimuth was held constant and the tilt angle was 
changed to 30° and than to 42° for continued simulation. The azimuth’s impact on 
produced power was calculated by simulations with an azimuth of 0 ° and three 
different values of tilt angle. For Uppsala, a PV system of tilt 42° and azimuth 0° gives 
the highest yearly production. 

A simulation with additional modules was made, thus consisting of the existing system 
together with a system of half the size of the existing system with azimuth 0° and tilt 
angle 42°. A total of six different scenarios of systems will be analysed. 

3.3 Survey 

A survey has been carried out to find out PLAN4´s tenants opinions regarding the PV 
installation and how it affected them in their choice of office. Representatives from 10 
out of 25 companies was interviewed at PLAN4 and asked questions regarding their 
knowledge about the PV installation on the building and their attitude towards it. The 
questions in the interview were also addressed what the tenants considered important 
factors when choosing office space and if they considered the renewable energy system, 
PV installation as a contributing factor. The survey also asked if the tenants had any 
suggestions regarding the marketing of the solar power system. The number of 
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interviewed companies is based on clients in the office on 28 April 2014. The survey is 
based on qualitative interviews with each company's opinion included. 

4. Results 
This section will show the result generated from the data and models presented in the 
previous section.  

4.1 Power consumption at PLAN4 

The solar power is primarily consumed at PLAN4 but when the electricity demand is 
low other parts of the building get access to it. On the other hand, when the demand of 
electricity exceeds the amount produced by the solar cells, Ihus have to buy extra 
electricity from the public grid to fill the gap. The annual usage of electricity at PLAN4 
is 33700 kWh. Usage can be seen in Appendix C,F. 

4.1.1 Load profile 

The consumption is at its peak during office hours, Mon- Fri 09:00-19:00 (see 
Appendix B). In the weekends the load is lower since there is no activity at the office 
space, as can be seen in fig.13. The load at PLAN4 does primarily consist of lighting, 
computers, printers and office equipment. If the production exceeds the load at PLAN4, 
it is consumed by other parts of the building, and this load is mainly ventilation system 
or elevators.[14]  

 

Figure 8. The simulated production compared to the measured real production data 
from Sunnyportal, of the existing PV system, during April 2014.  

Figure 8 shows a comparison of simulated production and measured real production 
under April 2014. This was done to assess and validate the model. The produced 
electric power from the model matches the measured production. The real production 
was 1187 kWh[2] and the simulated production was 1100 kWh. 
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4.1.2 Simulated production 

 

 

Figure 9. Shows a histogram over the simulated solar electricity production in 2013 for 
the existing system.  

In figure 9 the produced electric power can be seen on an hourly basis for 2013, the 
production of the PV system was 9187 kWh, and the excess production was calculated 
by Equation no.2 to 1650 kWh, which gives a self-sufficiency calculated by Equation 
no.1 of 22%. If the load at PLAN4 could consume the total produced electric power, the 
cover ratio would have been 28%. In table 2 below consumption, production and excess 
production is listed. Using Equation no.1-2 the result is that during April, PLAN4 has a 
self sufficiency of 37% and an excess production of 18 %. The total production is 45 % 
of the consumption.   

Table 2. Illustrates how well the production matches the consumption in the existing PV 
system over one month, April 2014. 

Month  Total production 
kWh 

Total consumption 
kWh 

Excess production 
kWh 

April 1200 2600  220 
 



20 
 

4.1.3  Consumption vs. production 

Figure 10.The consumption and the production in April 2014 for the existing system. 

Since the production often exceeds the consumption during midday on clear days, the 
production above the blue graph represents excess power that is distributed to the rest of 
the building. 

 

Figure 11. An enlargement of a four day period from Figure 10 that shows a period 
with a lower production. 

In figure 11 the system does not generate enough electricity to fulfil the demand at PLAN4. And 
the difference between the blue and the red graph is the electric power required for purchase.  
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Figure 12.An enlargement of a four-day period from figure 10, which shows a period of 
higher production. 

In figure .12 four well-defined peaks in production is shown. The produced power is at 
these peaks greater than the power used, this is the excess production.  

 

Figure 13. The electricity consumption during March 2014 at Ihus.  

The shift in consumption for weekends and weekdays can be seen in figure 13, where 
the five longer lines, between the groups of spikes, occur during the weekends when 
consumption is low. 
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4.1.4 Optimized system 

Table 3.Represents simulated result for six selected scenarios over one year. 

Module tilt 
angle  

[°] 

Module 
Azimuth 

 [°] 

Total 
producti

on 
[kWh] 

Exceed 
power 

production 
[kWh] 

Self 
sufficiency 

[%] 

Excess 
cover ratio 

of total 
production 

[%] 
10 (existing) 45 (existing) 9200 1600 22 17 

30 45 (existing) 9800  2200 22 22 
42 (optimal) 45 (existing) 9800 2300 22 23 
10 (existing) 0 (optimal) 9700 1900 23 19 

30 
42 (optimal) 

0 (optimal) 
0 (optimal)  

 

11 000 
11 000 

 

2900 
3000 

 

24 
24 
 

25 
27 
 

      
An additional system with the same type of modules as the existing system and half the 
size is added to the existing system.  

Table 4. Simulated result for the existing system plus the additional system.  

Module tilt 
angle  

[°] 

Module 
Azimuth 

 [°] 

Total 
producti

on 
[kWh] 

Exceed 
power 

production 
[kWh] 

Self 
sufficiency 

[%] 

Excess 
cover ratio 

of total 
production 

[%] 
10(existing) 

42 
Both 

45(existing) 
0 

Both 

9200 
4800 

14 000 

1600 
2700 
4300 

22 
7 
29 

17 
56 
30 

      
      
      
      
      

 

4.1.5 Financial result 

All the electricity produced by the PV system is used to replace the electricity otherwise 
bought from the grid. The facility is 10 kWp, therefore the total cost for the system is 
140 000 SEK. With 35% subsides, the acquisition cost will be 94 000 SEK.  

Since the annual production received from simulations of the existing system is 9200 
kWh with an exceed production of 1600 kWh, the actual consumed electricity, produced 
by the PV system, will be 7600 kWh. Money earned is what the cost for those 7600 
kWh would have been.  
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Figure 14. Break even for the existing PV system.  

Break even occurs after 8 years but the need to invest in a new inverter after 10 years 
shifts the break even for the system to 10 years after instalment. After 25 years the 
accumulated income is 255 500 SEK.  

Table 5. Shows the accumulated income of the existing PV system over 25 years. 

Type of PV system Income the first 
year [SEK] 

Accumulated 
income over 25 

years [SEK] 

Payback time 
[years] 

Existing 9000 
 
 

255 000 10  

 

Over a time period of 25 years, the electricity price, write off rate and efficiency 
degradation of the modules has to be included. 

Total  income = Income  year  (y)!!!"
!!! ∗ !.!"#

!

!.!"#!
∗ (1− 0.009)!      (7)  

  

The  accumulated  income  over  the  PV  systems  lifetime  is  calculated  by  Equation  
no.7.  The  payback  time  is  calculated  from  Equation  no.8.  

𝐵𝑎𝑙 𝑦 + 1 =   𝐵𝑎𝑙 𝑦 ∗ 1.04− 𝐼𝑛𝑐 ∗ 𝐷𝑒𝑔𝑟!!! ∗ 𝐼𝑛𝑖𝑡 ∗ !"#$%  !"#$%&'%
!"#$%&'("

!!!
 (8) 

Bal (y) = Economic balance result “y “ years after installation of the PV system. 
Balance year zero is only consistent of the investment cost. 
Inc =Income which is the produced electric power. 
Deg = Module degradation.  
The produced electric power works as an amortization on the invested capital until 
break-even is achieved.   
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4.2 Sensitivity analysis 

This section will identify and examine the key parameters and the weaknesses in the 
model. The simulation results depend on many parameters, and the real meteorological 
values are rarely known (or sometimes not recorded with sufficient care) and operating 
parameters measurements are also subject to errors. The real performance of the 
components used (especially the PV modules) is rarely checked in detail at the 
installation time. For getting reliable conclusions, the measurement conditions and the 
validation process should be clearly defined.[1] 

The sensitivity analysis will illustrate how the electricity price and the effect-
degradation of the models will affect the profitability of the different PV systems and 
pay-back time. The analysis will examine different scenarios regarding the expected 
trend for the electricity price and the degradation of the models and calculate the 
expected economic value. This will be done for the existing system, the optimized 
systems and a case with the existing system and a small additional system. 

4.2.1 Extrapolation of the electricity price  

The electricity price bought from the grid will develop over the lifetime of the PV 
system with an assumed linear annually increase of 2.5 %, calculated with Equation 
no.4. 

 

Figure 15. Estimated mean electricity price at present value over the lifetime of the PV 
system 
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Figure 16. If the initial electricity price is set to 1.2 SEK/kWh, the increase is 2.5% 
annually, and the inflation is 1.5%, the payback time would be 18 years for the existing 

system. 

Figure 16 shows were break even occurs when using Equation (8). After ten years the 
inverter is replaced, resulting in a short negative slope of the blue line, which represents 
the financial result.    

The economic outcome is also affected by the decrease of efficiency of the modules. 
The PV system has a guaranteed power production of 80%, 25 years after instalment. 
Calculating produced electricity over a 25-year period with a linear decrease in system 
capacity results in a worst-case scenario. In a study conducted to achieve a power-rating 
model for crystalline silicon PV modules over 200 PV modules where examined and an 
average annual degradation over a time period of 21 years was 0.8 %.[52] The result 
shows that total production for existing system with a module degradation of 0.9 % 
annually will be 168 000 kWh in 25 years, and the payback time will be 19 years.  

Table 6. Illustrates how the economic benefit of the PV system is affected by electricity 
price and degradation of modules. 

Type of system Income 
the 
first 
year 

[SEK] 

Accumulated 
income over 

25 years 
 [SEK] 

 

Payback 
time 

[Years] 
 

Existing system 
Existing system with degradation to modules 

 
Existing system without price increase 

Existing system with price increase equal to inflation 
 

Existing system with an price increase of 3.5 % 
Existing system with an price increase of 4.5 % 

9000 
9000 

 
9000 
9000 

 
9000 
9000 

 

255 500 
229 000  

 
190 600  
226 500 

 
289 000  
291 700  

18 
19 
 

24  
20  
 

16  
15  

Optimized system 
Optimized system with degradation to modules 

 

9700 
9700 

274 500  
246 000 

16  
18  

Existing and additional system 11800 323 950   
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4.3 Survey 

Overall the tenants were positive to the installation of solar power at PLAN4, and the 
fact that some of the electricity at the office comes from own production as a renewable 
energy source. Most of the companies in the survey were renters before the solar energy 
system was set up, thus, it can be hard to tell how they set themselves to the plant as 
new customers. Many of the tenants think it is a good initiative to Ihus has chosen to 
invest in solar power, however, all of them mentioned that it had no impact on their 
choice to have their office space at PLAN4. The survey revealed that most of the tenants 
had been informed about the solar panel at the breakfast meeting in March.  Some of the 
companies in the survey mentioned that during this meeting some of the tenants were 
negative to solar electricity in general, however most of them were very positive. The 
majority of the tenants had noticed the information about the panels on the display in 
the reception.  

The survey asked what factors were important in their selection of office space. The 
majority responded that the most important thing was the location, the price and the 
work environment. Some of the respondents mentioned that it is not worth investing in 
solar electricity if it would make the rent more expensive. 

The survey also included a question regarding improvements of the ways for marketing 
of the PV-system in the building. The proposals that was given was: 

! Change the colour of the sockets in the office to yellow, to symbolise the fact 
that the electricity that is generated comes from sunlight. 

! Inform about the green electricity from the solar power system in the invoice to 
the tenants. 

! Make people more aware of the installation with better marketing and 
advertising in local newspapers. 

5. Discussion 

5.1 Electricity production VS consumption 

According to the histogram over the simulated solar electricity production in 2013, the 
production of the existing system is, as expected, at peak during the summer months 
and low during the winter. The system has an annual production that corresponds to 
27% of the usage. The excess PV production stands for 17% out of the total production, 
resulting in a self-sufficiency of 22%. The excess production is distributed to the rest of 
the building, and although this is good out of an environmental point of view it 
currently does not generate any economic profit for PLAN4.  

As illustrated in figure 10, consumption and production can differ quite much. During 
the period November to February, the PV system has a very low production due to low 
solar irradiation. The peak production occurs normally at noon, depending on the 
weather conditions, and therefore, the production in the summer might exceed the 
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consumption, although the consumption is highest during daytime. During the 
weekends the activity at PLAN4 is reduced and the electricity demand is therefore 
lower. This means that the peaks in excess production are higher during the weekends. 
Normal work hours have a higher load, between 09:00- 19:00. Since the demand of 
electric power is highest during daytime, consumption matches the production well. 
Production exceeding the demand is most common during the summer months, since 
the solar irradiance at this time is much higher. Usage is fairly constant during the year 
even under the summer months where staff holiday is expected. During the summer 
PLAN4 has only a minor need to purchase electricity from the public grid during 
daytime. In April the produced electric power stood for 36 % of the usage at PLAN4, 
adding the excess production the result would be 45 %.  

Degradation of the modules capacity has the effect that peak production during summer 
will be lower, resulting in a lower production, especially excess production. The cover 
ratio of PLAN4 will not likely see an economically big difference over time even if the 
modules have degraded to 80 % of the original capacity after 25 years. Because the 
lowered capacity will have its biggest impact on the time when production is at its 
highest. At 80 % capacity, excess production is lowered to 12 % compared to 17 % for 
full capacity. 

5.2 Benefits of optimization  

The simulations show that the existing system is fairly good adapted to fulfil the 
demand at PLAN4, and optimizing the system would only result in a small increase in 
electric power production. The highest production is achieved with a tilt angle of 30 ° 
and an azimuth of 0. A change of tilt angle to 30 ° with the current azimuth gives a 7 % 
increase in electric power produced, however the excessively produced power is 
increased by 32 % resulting in merely a 1 percentage unit increase of self-sufficiency. 
Changing the azimuth to 0 and tilt angle to 30 ° would generate 8 % more electric 
power available for use at PLAN4. The power produced in excess is increased by 71 % 
compared to the currently installed system. Despite the small change in PV production 
the total income over a system lifetime of 25 years would increase from 255 000 SEK to 
275 000 SEK. These results show that in the used financial model an investment of 10 
000 SEK to change both the tilt angle and azimuth to optimal values, would achieve the 
same payback time as the current system holds, but a higher cover ratio and thereby a 
higher rate of grid independence. To achieve the same payback time as the current 
system only 1400 SEK could be invested to change the tilt angle to 30 °, keeping the 
azimuth constant.   

When studying table.3 representing the production amount of the optimizations, a 
determination could be made of which one is the best match for Ihus, according to meet 
the demand at PLAN4. The self-efficiency should be as high as possible and the excess 
cover ratio as low as possible. The table shows that the two optimized system`s with 
azimuth 0° and tilt angle of 30 ° and 42 °  has the best self-sufficiency of 42%, but since 
the system with tilt angle 30 ° has a lower percentage of excess production 25%, 
compared to 27%, it is the best matching system for PLAN4. But compared to the 
existing system, the self-sufficiency only effects by a small increase from an 
optimization, whiles the excess production becomes significantly higher. 
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5.2.1 Additional system 

Adding 20 extra modules to the existing PV system in azimuth 0° and tilt angle 42 °, 
will increase the total economic value produced over 25 years to 330 000 SEK. The 
excessive production cost that is not needed to be bought from the grid is 99 000 SEK 
according to the 30 % of the total produced electricity that is produced in excess. To 
achieve the same payback time as the existing system ,the cost of installing the 
additional system has to be less than 25 000 SEK. Because the excess production does 
not generate any economic value for PLAN4, an expansion of the system is far from 
lucrative. Calculating the total electric power production as a source of economic value 
produced for both the existing system and the system with an additional 20 modules, an 
investment of 90 000 SEK would achieve a payback time equal to the existing system. 
The impact of the excessively produced electric power is greater if the system would be 
optimized or expanded. As long as no economic compensation is given for the excess 
production, it is out of a financial point of view hard to motivate a change in the 
system´s configuration. 

5.3 Profitability of price trends 

The prediction of the electricity price is complex, and there are many different 
parameters, which affect the price. In this thesis a reference price of 1.2 SEK/kWh is 
used. In the sensitivity analysis a study was conducted on how the profitability differs as 
a function of the electricity price. In the calculations an interest rate of 4% on capital is 
assumed and an inflation rate of 1.5 % annually. The results show that the system´s 
payback time is heavily dependent on pricing. Without an increase in price the payback 
time is 24 years, and with an increase equal to inflation the payback time is 20 years. 
For a price increase greater than assumed inflation the payback time changes to 18 years 
for price increase of 2.5 % and to 15 years for 4.5 %. 

This demonstrates the crucial effect pricing has on the profitability of the PV system. 
Pricing will most certainly differ from year to year and an increase in price is nothing 
that the investment should rest upon, but merely seen as a bonus. Since the inverter is 
one of the most expensive components in the system, it has a big impact on the payback 
time when it fails.  

5.4 Meaning of PV system for the tenants at PLAN4 

The tenants at PLAN4 thought the initiative to install a PV system were a positive 
decision, because it represents a modern office space who works towards a sustainable 
society. However, when the survey brought up if the renewable electricity was a 
contributing factor in their choice of office, most of the respondents said no. The most 
important factors in the tenant's choice of working space is the location of the office, the 
price and the working environment.  

The information on the displays in the reception is a good way to share information 
about the PV-system, since many of the tenants had noticed the screens. The 
information on the screens shows the percentage of the total electricity consumption the 
solar panels produce at PLAN4. The screens also show how much less electric energy 
that has to be bought from the grid by using the PV system. The amount of kWh relates 
the amount of power to the usage of everyday devices, such as amount of coffee or the 
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number of miles driven by an electric car. This is considered very positive, since not all 
the tenants might know the difference between kW and kWh.  

One of Ihus purpose with the PV system was to gain knowledge about solar power for 
upcoming projects. By installing the PV-system they are also spreading knowledge 
about solar power and electricity consumption in general to the tenants.      

5.5 Source criticism 

The simulated data corresponded with the values from the actual system, as seen in 
fig.8. The simulation in PVSYST showed a result in produced electric power of 9200 
kWh per year, which is 7 % higher than the estimations made in Sunnyportal.  
However, the simulated production values have been lower than the measured data for 
the months possible to compare. This may indicate that either the values from the 
simulated year were high during the summer or the estimations in Sunnyportal is 
cautiously made. The production during the summer months has a big impact on the 
amount of excess electric power produced. Therefore to get a more reliable result in 
simulations, solar irradiance data from different years, over a long period of time should 
be simulated individually and a mean value calculated. This study chose to simulate 
data from one year because a solar irradiance mean value over a couple of years would 
even out the production, lowering the peaks resulting in lower excess production. To 
run different solar irradiance data in the simulations required time greater than what was 
possible in this thesis.    

The economic consideration in the background section presents a model of the price 
decrease of modules, but to be considered, the price for different systems can vary 
widely and depends on the world market price but also on the manufactures. 

Some of the estimated data in the financial section, are based on future expected mean 
values, and since the price vary a lot and is very hard to predict, the calculations have a 
high uncertainty over time.   

6. Conclusions 
Simulations from the programme PVSYST showed a result in produced electric power 
of 9200 kWh/year for the PV system at Ihus. The system has an annual production 
amounting to 28% of the usage. But excess production stands for 17% of the total 
production, resulting in a self-sufficiency of 22% at PLAN4. The excess production is 
distributed to someone else in the building, and although this is good out of an 
environmental point of view it does not generate any economic profit for PLAN4. 
Degradation of the modules over time will lower the proportion of excess production.   

The results from the optimization of the system shows that more electric power will be 
produced, but PLAN4 won’t gain much economic profit. Electricity production increase 
with an optimization since the modules can seize more of the solar irradiation, but also 
the excess electric power will be greater, which means a bigger proportion of the 
production will go to waste for PLAN4. Meaning self-sufficiency will have only a small 
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increase from a optimization of the system but excess production will become a lot 
higher. 

The electricity price has an impact on the profitability of the existing system. The 
earnings achieved by lowering the demand of purchased electric power, is dependent of 
the current electricity price. The price in Sweden is assumed to increase which will 
compensate for the possible degradation of the modules efficiency over time. The total 
economic value during a PV system`s lifetime, with a linear increase of the electricity 
price of 4.5 % would result in saved economic value of 290 000 SEK compared to an 
increase of the electricity price with 2.5 % which results in savings of 255 000 SEK. 
Without an increase in the electricity price the payback time is calculated to 21 years 
compared to a increasing electricity price equal to the inflation, the payback time is 
calculated to 18 years. A high price on electric power will make the investment more 
lucrative, and will add motivation to optimize the system to maximize production.        

The conclusion from the survey among the tenants is that the installation of solar panels 
gives a good impression and is purposed to both gain and spread knowledge about 
renewable sources. The most prioritised factors in the tenant's choice of working space 
is although other factors, such as the location of the office, the price and the working 
environment. By relating the power production to the usage of everyday devices the 
understanding of the system could be distributed to a wider audience.  
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7. Appendix 
Appendix A 

Average global irradiance over Stockholm 
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 Appendix B 

Daily consumption VS production April 2013 
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Appendix C 

Used electric power weekly and accumulated over one year 2013 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



38 
 

 
 
 
 
Appendix D 

 
MATLAB Program Calculation of profitability 
 
Inv=zeros(1,25); 
Inv(1) = 93975%investeringskostnad för olika scenarior+90000%+10300;%+30261; 30 000 är 
för att bygga ut en extra modul.  
Ink =  14140*1.2 ;%9842*0.95; %7553*0.95; %  %8115*0.95; %  
Ranta1 = (1.025/1.015)%*0.9911; 
Ar=[1:25]; %Livstid 
i=1;  
test=cumsum(((Ink))*Ranta1.^(Ar-1));% Genererad inkomst över 25 år 
 
 
while i<11 Inv(i+1) = ((Inv(i)*1.04-Ink*Ranta1^(i-1))); %Resultat 
    i= i+1 ; 
end 
 
i=11; 
Inv(11) = Inv(11)+1.5*25000; 
while i<25 Inv(i+1) = (Inv(i)*(1.04)-Ink*Ranta1^(i-1));  
    i= i+1 ; 
end 
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Appendix E 

Yearly consumption PLAN4 Vattenfall 
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Appendix F 

Consumption VS simulated solar power production over one year 2013 
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Appendix G 

Survey questions PLAN4 
Representatives from ten companies participated in the survey. 
 
Are you aware of that the electricity on PLAN4 is partially derived from solar cells on the roof 
of the building? 
 
Were you aware of the photovoltaic system when you chose to rent office space at PLAN4? 
 
 If yes, it was the access to sustainable electricity a contributing factor in your decision? 
 
What do you think of the initiative to acquire solar cells? 
 
Why did you choose to locate your office at PLAN4? 
 
What factors were most important when selecting office premises? 
 
Have you noticed the display in the reception area that shows the solar power production? 
 
 
 
 


