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Abstract

How to supply bus stops with electricity without
connecting them to the electricity grid

Karin Axelsson, Tove  Ekblom, Anna Olsson

This Bachelor’s degree thesis has been 
performed on behalf of Upplands 
Lokaltrafik. The thesis aims to suggest 
a design of a stand-alone renewable 
power supply system for the bus stops in 
Uppland. Because of reorganization of 
Upplands Lokaltrafik and a change in the 
electricity act they now have to make 
the decision of either having the future 
bus stops connected to the electricity 
grid, with the requirement of installing 
an electricity meter at each bus stop, 
or to implement an off grid solution. 
Upplands Lokaltrafik has a goal of 
doubling the number of passengers until 
2020 and as a part of reaching this goal 
the bus stops will be designed with 
electrical features. This thesis also 
aims to investigate the electricity 
demand for these future bus stops. 
The result of the study shows that a 
connection to the electricity grid and 
installation of an electricity meter 
means an investment cost of 
approximately 83 500 SEK or 123 500 SEK 
depending on how far cables have to be 
drawn. The solution with a photovoltaic 
system with a 180 Wp solar panel would 
result in an installation cost of 18 500 
SEK, which would be both cheaper and 
more sustainable for the future. 
However, a photovoltaic system means 
higher maintenance and a higher risk of 
destruction. Depending on choice of 
batteries and the slope of solar panels, 
both maintenance and risk of 
vandalization could be diminished.

ISSN: 1650-8319, TVE 13 011 maj
Examinator: Joakim Widén
Ämnesgranskare: Joakim Widén
Handledare: Stefan Bojander



Terms and abbreviations 

AC   Altering Current. The current from the electricity grid is AC. 

Air mass A huge body of air with similar temperature and moisture 

properties.  

Amps  Ampere, the unit for current. 

Azimuth The angle the solar modules are directed towards the south. 

If the azimuth angle is 0, the panels are directed straight in a 

southern position. West is considered as a positive angle and 

east is considered as negative.  

Charge controller A device needed in a stand-alone photovoltaic system to 

protect the battery from overcharging and optimizing the 

power exchange. 

DC  Direct Current. Solar panels produce DC power. 

Deep-cycle battery A lead-acid battery designed for deep discharges where most 

of the battery’s capacity is used. 

Free horizon When no shadow effect is taken into account. 

MPPT regulator Maximum power point tracking. This is a regulator that 

traces the point where the current and voltage results in a 

maximum power output from the solar cell. The regulator 

regulates the solar cell to operate at this point so it can be 

used most efficient.  

On grid  A system connected to the electricity grid. 

Off grid A stand-alone system, e.i. a system not connected to the 

electricity grid. 

PV system Photovoltaic system. A whole system containing solar 

panels, batteries, charge controller and cables. 

PWM regulator Pulse with modulation. A type of charge controller. It is 

important to know the output of a solar panel when a PWM 

is used.  

Slope  The angle between the PV modules and the horizontal plane. 

Solar cell  A solar cell is one individual building block of a PV module.  



PV module/panel A module/panel that consists of a number of solar cells that 

are interconnected in series and are encapsulated by some 

sort of material, normally glass with a frame around it. 

Shadow effect The fact that solar panels could be covered by shadows and 

thus decrease the efficiency. 

Wp Watt peak, the power that a solar panel produces when 

receiving 1000 W/ m
2
 at a module temperature of 25° C and 

solar spectrum for air mass 1.5. 
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1. Introduction 
The public transport system in Uppland is under development. The goal for Upplands 

Lokaltrafik (UL) is to increase the number of people using the public transport by 100% 

until 2020 compared to 2006 and to increase the proportion of bus travellers compared 

to car users. One way to achieve this is to make the bus stops more appealing and safe 

for the travellers. Lighting, real time signs and speakers are features that would improve 

the bus stops and hopefully make the travelling experience better. [1] 

Today the electricity needed for the desired bus stop features comes from a connection 

to the electricity grid where Uppsala municipality takes care of the invoices. According 

to changes in the electricity act, it is forbidden to link different actors to the same grid 

without measuring the electricity consumption. This forces UL to have their own 

electricity meter on each bus stop connected to the electricity grid, which means an 

increased cost for UL. This has made them interested in looking at other alternatives for 

supplying their bus stops with electricity, where self-sufficient bus stops would be 

optimal. Solar energy is on the increase and it could very well be a possible energy 

source for this application. [2] 

According to one of the European Union’s visions, 12% of all the electricity production 

should come from solar energy by 2020. [3] As a part in fulfilling that vision, the 

European countries need to increase its share of energy production coming from solar 

energy. One way to do this could be to decentralize parts of the energy production by 

the implementation of solar panels. 

1.1 Aim of the report 

The aim of this thesis is to investigate if and how bus stops with electricity demand can 

be self-sufficient by the implementation of a stand-alone photovoltaic (PV) system. This 

will be done by investigating two types of standardized bus stops in Uppland, one in 

central Uppsala and one in the countryside. A calculation of the costs will be made in 

order to compare a solution with a stand-alone PV system to bus stops connected to the 

electricity grid.  

1.2 Question formulation 

To fulfill the aim of this thesis the following questions will be answered: 

 How should a PV system be dimensioned for 100% coverage of the power 

demand of a bus stop? 

 Will it be economically feasible to use solar energy to run bus stops in 

comparison to using electricity from the electricity grid? 

 How robust is the system design to changes in the demand and meteorological 

data?  
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1.3 Limitations 

Due to time limitation and the large number of existing bus stops in Uppland, two 

standardized models of bus stops have been developed in this project. The models 

represent two average bus stops in rural and urban environments. Simulations have been 

made of the urban bus stop, while the rural bus stop only will be discussed. This is 

motivated by the fact that the bus stops have been assumed to consume the same 

amount of electricity and that the weather conditions are the same all over Uppland. The 

lifetime of the simulated system is set to 25 years since that is a common lifetime for a 

PV system. 

When investigating what battery to use, consideration has only been taken to batteries 

represented in the simulation software Homer energy. Since Homer energy only 

simulates one year from 1
st
 January to 31

st
 December, the critical winter season is cut in 

half. This is not possible to change in the software and thus cannot be taken in 

consideration in the simulations but will be discussed.  

The cost analysis focuses on the costs for the electricity supply of one bus stop, features 

that are on all bus stops such as lamps and signs have not been included. This is because 

the bus stop is expected to have the same features whether or not it is connected to the 

electricity grid. The cost calculation for a grid connected system has been made using 

mean values of electricity prices with 1% yearly increase compared to the inflation 

which has assumed to be the same for all components and could thus be ignored. Costs 

concerning the replacement for the PV system after 25 years has not been taken into 

account. All prices are including tax. 

1.4 Report outline 

The report is structured as follows. A background section will provide the reader with 

all background information needed to understand the problem. The background section 

is divided into three parts; the first is an overview of UL and the system today, the other 

section includes information about PV systems and the different components in the 

simulated system. The third section concerns economic information about both PV 

systems and the connection of new bus stops to the electricity grid. In the methodology 

section the case study is described and information about how the simulations and cost 

calculations have been made is presented. All important values, tables and graphs that 

was generated and collected in the project are included in the data section. In the result 

section, the results from the simulations, sensitivity analyses and the economic 

calculations are presented. This is followed by a discussion where the results are being 

discussed along with other perspective concerning the different ways of supplying a bus 

stop with electricity. After this the conclusion is presented.  
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2. Background 

2.1 UL 

Since the beginning of 2012 UL is a public administration for public transport run by 

the county. The county council is the authority responsible for the development of the 

region’s public transport but it is UL that will execute it and answer for the operating 

administration. This includes for example to make strategic plans for the public 

transport, to develop the travelling systems and to evolve and take care of the 

maintenance of the bus stops. During the year of 2011, a total of 29.5 million trips were 

made by the public transport in Uppland, which includes the city buses, regional busses 

and the Upptåget train service. Many of these trips are run by subcontractors working 

for UL. [4] Since UL recently became a part of the county there have been 

organizational changes for UL, Uppsala municipality and the county council. A plan for 

the public transportation system has been formed in collaboration, which includes 

information and visions. [5]  

2.1.1 UL and sustainability 

The future goal for Uppsala county is: “Uppsala county should be an attractive 

knowledge based region in Europe with a sustainable growth as guiding star”. [1] In 

March 2013, Uppsala received a price from the World Wildlife Fund (WWF) for being 

the best Swedish city working for sustainable city development. [6] This means they 

advanced to the competition of being the world's best climate city, which in 2013 was 

won by Vancouver. [7] The public transport has a part in accomplishing Uppsala 

county’s vision by creating accessible transport in a way that is ecologically, 

economically and socially sustainable. To do so UL has six identified targets:   

1) The traveller and travelling 

2) Accessibility 

3) Environment 

4) Economy 

5) Equality 

6) Safety and security  

Sustainability is thus present in many of the decisions that UL make and it is an 

important part when planning for the future. By focusing on the targets above, UL’s 

goal is to increase the number of people using the public transport and in that way 

decrease the emissions from cars. UL is also working on making the busses as 

environmentally friendly as possible with effective use of energy and decreased 

proportions of the use of fossil fuels. [1] 

2.1.2 Bus stops 

There are about 4 000 bus stops in the county with different characteristics. There are 

larger bus stops containing shelters and benches, and smaller bus stops, which only 



6 
 

contain a sign and a timetable. The bus stops can be equipped with different electrical 

applications to make the passengers’ trip easier. See specifications below for examples 

on what these features could be. [2] 

 Displays. These are real time signs, which show the remaining time until the 

next bus arrives. Delays are also announced here.  

 Lights. The number of lights depends on the size of the bus stop. 

 Speakers. The speakers are for people with visual impairments. If a button is 

pushed the content of the real time signs will be read out loud. 

 Sensors. The sensors can detect if there is anyone nearby so that the lights are 

turned on only when someone is waiting for the bus.  

 Sockets. In the summer months it could be possible to use the extra electricity to 

make it possible to charge for example mobile phones. 

2.2 PV systems 

The sun is an energy source that all life on earth depends on. The irradiation from the 

sun can be used to produce electricity in two main ways, with solar cells or with thermal 

solar power plants. In solar cells, the energy from the sun is directly transformed to DC-

power. In the thermal solar power plants, the energy from the sun can be used to run a 

steam turbine or a sterling engine, which in turn runs a generator producing electricity. 

The solar cells can be located almost anywhere while the thermal solar plants need more 

direct solar radiation to work properly. [8] 

2.2.1 Solar cells - how they work 

A solar cell is a thin plate or film constructed by a semiconductor material. The atoms 

of a semiconductor have covalent bonds, which mean they share their outer electrons 

with a neighbouring atom to form stable atoms with a complete outer electron shield. 

These bonds are intact at low temperatures and thus act as an insulator. At high 

temperatures, some of these bonds are broken and a current can occur by the electrons 

that have become free to move because of the broken bonds. These materials can be 

adjusted by doping the material with other atoms, which will create a positive- or 

negative-type material (p-type or n-type) depending on the number of electrons. The 

key element of many solar cells is a junction between p- and n-type materials. An 

illustration of this can be seen in Figure 1. [9] 
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Figure 1. Illustration of a solar module. [10] 

When radiation from the sun reaches the solar cell there is a voltage difference between 

the front side and the back side of the cell. The solar cells can be manufactured and 

made in different ways using different sorts of material. Depending on what technology 

is being used, the solar cells have different characteristics but they all produce DC-

power. There are mainly two types of solar panels on the market today: crystalline 

silicon and thin film solar panels. [11] 

The most frequent kind of solar panels is made by crystalline silicon, which in 2010 

accounted for approximately 88% of the solar panels on the market. PV modules made 

by crystalline silicon are called first generation solar panels and can be constructed in 

two ways, either from polycrystalline silicon or from monocrystalline silicon. The two 

types of panels both consist of a thin plate of a semiconductor material with metal 

contacts on the front and the backside of the plate. [6] One solar cell of silicon generates 

approximately 0.5V but to increase the voltage they are placed in series of about 36 

cells. This increases the voltage so it can be used to load a 12V battery. [12]  

The difference between polycrystalline and monocrystalline solar panels is their 

construction. Monocrystalline solar panels are cut out from a single crystal and thus  

the whole panel has the same color. Polycrystalline are made from silicon that has been 

molded from different crystals creating a random crystal pattern. This makes the 

polycrystalline panels shimmer in a variation of blue. The two types are illustrated in 

Figure 2 and 3. [13] Because of the way they are manufactured the polycrystalline 

modules can be made cheaper than monocrystalline but they also have a slightly lower 

efficiency. [12] 
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CIGS is a type of thin film module composed by copper, indium, gallium and selenide. 

CIGS is the solar module that has obtained the highest efficiency of all thin film 

modules today. It therefore has a big potential to increase its share on the market. Other 

thin film modules are amorphous silicon and cadmium telluride. Amorphous silicon is 

composed by silicon with no structural arrangement of the atoms, which results in a 

very high absorption of the light. The downside with amorphous silicon is its lower 

efficiency compared to crystalline silicon. Cadmium telluride consists of toxic heavy 

metals, which make it important to seal them properly. Many cadmium telluride 

modules are therefore encapsulated with glass on both the front- and the back side. [12] 

2.2.2 Production of solar panels 

Swemodule is a company that produces PV modules in a factory in Glava situated 

outside of Karlstad in western Sweden. The solar cells that the modules consist of are 

made of either poly- or monocrystalline silicon with an efficiency of 16-18.5%. The 

solar cells have been recycled and mended by Innotech solar prior to their arrival at 

Swemodule. Innotech solar is the main owner of Swemodule and have other production 

sites in Norway and Germany. At Swemodule the solar cells are put together into 

modules using a highly automated production line resulting in modules of 1.63 m
2
 with 

around 250 Wp, see Figure 4 and 5. A common estimation is that 1 m
2
 produces 150 

Wp. [16], [17]  

 

Figure 4-5. Production of solar modules at Swemodule. [18] 

  

Figure 2. Monocrystalline 

silicon [14] 

Figure 3. Polycrystalline 

silicon [15] 
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2.2.3 Batteries 

For a PV system to produce electricity there is a need of direct solar energy, which is 

only available in daytime. To have an electricity load running in the evening a battery 

bank would therefore be needed. Batteries contain one or more battery cells linked 

together which are used for chemical storage of energy. The capacity of a battery is 

described by how long it can generate current to the load and is measured in 

Amperehours (Ah). [19] Batteries can be of the same size and deliver the same voltage, 

but still be unequal of capacity. The voltage is important when it comes to linking the 

battery to a load, it must be of the same size or a charge controller has to be linked 

between them. The most commonly used in battery-based PV systems is a 6V or 12V 

battery. [20] 

There are different types of batteries depending on what chemical solution is being 

used. Unlike many other applications, battery-based renewable energy applications are 

unique because the batteries could be charged and discharged in an unpredictable 

manner depending on sunlight and seasonal variations. For renewable systems the deep-

cycle lead-acid batteries are the most commonly used. These can be divided into two 

types: flooded lead acid batteries (FLA) and valve-regulated lead acid batteries 

(VRLA). The advantage of FLA is the low installation cost, long history of use and 

reliability. However, as addition to the installation cost regularly maintenance cost must 

be taken into account since the FLA need watering every second week as opposed to the 

VRLA, which are maintenance free. Another disadvantage is the fact that the FLA have 

to be placed upright since the top is open and fluids can leak. When run the FLA 

produce gas so they cannot be placed in a closed space because of the risk of explosion. 

The VRLA have a sealed top and the oxygen produced is brought back to water so there 

is no need of watering the batteries. The disadvantages of the VRLA are the higher 

installation cost and shorter lifetime. [21] 

The colder a battery is, the less capacity it can deliver, this because the efficiency of the 

chemical reactions that occur increases and decreases at different temperatures. 

Batteries often work relatively stably in the range -20°C to 30°C, a range that could be 

expanded if the batteries are insulated. Also the depth of discharge affects the efficiency 

of the battery. Repeatedly reducing a battery bank’s capacity more than 80% harms the 

batteries and causes premature failure of the battery bank. [20] 

2.2.4 Charge controller 

In order to keep the batteries from overcharging, a charge controller is often installed in 

a PV system. The charge controller regulates the current and voltage from the solar 

panels to fit the battery’s characteristics. If no charge controller is installed, the solar 

panels would keep charging the battery even when it is fully charged, which damages 

the battery and decreases its lifetime. [22] There are many types of charge controllers so 

it is important to choose one that matches the voltage and current from the solar panels. 

The most flexible charge controllers are called MPPT regulators and have an integrated 
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voltage converter which makes them usable to many types of systems and conditions. 

[23] 

2.2.5 LED technology 

LED stands for Light Emitting Diodes and it is a lighting source based on 

semiconductor diodes. LEDs are the only lamps that do not have any emissions of gases 

or heat while emitting light. The fact that they do not generate any heat makes them 

more energy efficient than other lighting sources where up to 80% of the energy can be 

released as heat. [24] 

A LED light consists of a chip made of a semiconductor material that is treated to create 

a positive-negative junction. The light occurs when an electron meets a “hole” in the 

device, and it falls into a lower energy level while a photon is sent out. This 

phenomenon is called electroluminescence, and the generated light’s color depends on 

the band gap of the semiconductor. [24], [25]  

The power of a lighting source is measured in Watt (W). For example, standard values 

for the power of lighting bulbs are 40W, 60W and 100W. The luminosity on the other 

hand, is measured in lumens. Since the lighting technology has become more energy 

efficient and the new LED technology consumes less energy, it is nowadays more 

informative to use lumens rather than power when measuring lighting sources. [26] 

Normal daylight is estimated to be 430-800 lumens. [27] 

2.3 Economy 

2.3.1 Grid connection 

If connecting a bus stop to the electricity grid, a cable would have to be drawn to the 

bus stop and an electricity meter would have to be installed. On top of that there would 

be a yearly subscription cost. [2] If the bus stops are close to each other they could use 

the same electricity meter, but most of the time the distance is too far. Bus stops on 

either side of the road could be connected if there is a ditch on both sides of the road. In 

that case the cables could simply be drawn under the road without destroying it. In the 

city center this is unlikely, but on some roads in the countryside this could be possible. 

[28] 

After connection to the grid, invoices would be sent for the electricity consumption. To 

deal with these invoices there is an administration cost but with an off grid PV system 

installed, there would be no invoices to deal with. [28] 

2.3.2 Off grid connection 

The price of a solar panel is given per Wp. All solar panels have different Wp, so the 

price will differ depending on this. At Swemodule, the price per Wp is 0.7 €, which is 

about 6 SEK. [17] Over just a few years the prices for solar panels have decreased 

radically, this is because the manufacturing has scaled up, this is illustrated in Figure 6. 

https://en.wikipedia.org/wiki/Electroluminescence
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The change in price has affected the market positively and it has expanded just as 

rapidly over the last few years. [22], [17] 

 

Figure 6. The price and usage of the PV-systems from year 2000 and forward. [29] 

The Swedish government encourages installations of PV systems and as an incentive for 

both companies and individuals to install solar panels there are subsidies to apply for to 

cover some of the costs. The cost includes planning, purchase of the components and 

installation of the PV system and the maximum support that can be received is 35% of 

the costs. These subsidies could only be applied for if the PV system is connected to the 

electricity grid. [30] 

Installing a PV system could require a building permit. A building permit is applied for 

at the municipality, and the cost for the application varies depending on what is being 

built and how big it is. Solar panels can be built on the roof of the bus stop, and then 

building permission for the system is the same as for the bus stop. The panels can also 

be put on poles, in this case they are treated as signs in the application for a building 

permit. Signs are usually harder to get a building permission for. [31] 
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3. Methodology 

3.1 Case study 

3.1.1 Description of the system 

The investigated system can be described according to Figure 8 below. Two models of 

bus stops have been developed together with UL to fulfill their goal of increased public 

travelling by having appealing bus stops. The two models are calculated to have the 

same electricity consumption and differ only in the appearance. In this thesis 

simulations have been made of the urban bus stop, while the rural bus stop is included 

in the discussion. [2]  

 

Figure 8. Description of the system for the urban environment. For the rural 

environment, the figure looks the same but without weather protection.  

Since the model for the rural areas does not include weather protection the solar 

modules would have to be placed on a pole. To place them on a pole could also be an 

optimal solution even for the bus stops in central Uppsala, it then gets easier to place the 

solar panels in the desired position towards the south. [2] It also makes them harder to 

reach which decreases the risk of the modules getting vandalized or stolen. However, it 

could be problematic to put a PV module on a pole because of the building permit 

needed for this. The most likely alternative is thus to place them on the roofs of the 

weather protection. 

Apart from the weather protections there are a few things that vary in the urban and 

rural environments. What varies the most is the amount of people that travels, there are 

more often people standing at the urban bus stops which means that the time- and load-

profiles will vary. What also could vary is the shadow effect coming from surrounding 

buildings and the vegetation. Assumptions and calculations for these profiles will be 

specified further on in this thesis.  
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The program used to simulate this system, Homer energy, does not take the shadow 

effect into account. In an urban area like central Uppsala there would probably be a 

shadow effect because of the high density of buildings that cast shadows. However, the 

buildings in Uppsala are not that tall so the sun often reaches most places but during the 

critical winter months it probably would make a difference if a bus stop is surrounded 

by buildings or not. To compensate for this the solar radiation has been decreased in the 

sensitivity analysis, to get a worst case scenario.    

The assumption has been made that the solar radiation and temperature variation is 

equal all over Uppland. This is motivated by Table 1, which is an investigation of the 

solar radiation in cities that span over all of Uppland.  

Table 1. Irradiation on optimally inclined plane (Wh/m
2
/day). [33] 

   November December January February 

Knutby 942 363 661 1820 

Tierp 951 408 695 1860 

Sala 1000 426 669 1780 

Uppsala 905 325 604 1760 

Average: 949,5 380,5 657,25 1805 

          

3.1.2 Description of the weather conditions 

The solar radiation in Uppland is the same as in more southern areas such as Germany. 

[22] As can be seen in Figure 9 below, solar panels in the light green regions generate 

the same power at their respective optimal slopes. This optimal inclination varies 

depending on region, which means that the slope and azimuth angle of the solar panels 

differ. The light green area indicates an average global radiation of 1200 kWh/m
2
/year.  

Figure 9. Global solar irradiation in Europe. [22] 
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In Sweden the solar radiation varies over the year, as can be seen in Figure 10. In the 

bright summer months a PV system can generate electricity all day long, while in the 

dark winter months the system only gets a few hours to charge each day. The size of the 

PV system is adapted to fit the dark December month, and a charge controller is 

included not to overcharge the batteries in the summer months.  

 

Figure 10. Temperature and solar radiation in Uppsala from Sep 2010 to Aug 2011. 

[12] 

In the winter the solar panels could be covered by snow which blocks the sun from 

reaching the PV module. However, it does not make a big difference since it is snowing 

mostly on cloudy days with low solar radiation. There are tests showing that only 4% 

less of the radiation reaches the solar panels because of snow on the panels, even on a 

very snowy year. If there are snow on the modules on a sunny day the panels would be 

warmed up by the sun and melt the snow closest to the module so it all slides off. [34] If 

the panels are placed almost vertically the risk of snow covering them decreases. On a 

sunny winter day with snow on the ground the power of the solar panels would increase 

since the snow reflects the radiation back to the panels. [35] Due to wind and 

precipitation that cleans the modules there is no need for any maintenance of the PV 

system. [36] 

3.2 Simulations 

In order to calculate the required solar panel and size of the battery bank, simulations 

have been performed in Homer energy. The following section aims to describe this 

software more closely. [37] 
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3.2.1 Homer energy 

Homer energy is a micro power optimization model that simplifies the task of 

evaluating designs of both off grid and grid connected power systems for many different 

applications. When simulating a system it could be difficult to know which components 

to include in the system design, how many and of what size they should be, but with 

Homer energy it is easy to evaluate many kinds of components of different sizes. It is 

also simple to perform optimization analyses and sensitivity analyses.  

The software simulates one year from 1
st
 January to 31

st
 December and is used by 

providing it with input data. This is data concerning technology outputs, component 

costs and resource availability such as solar radiation and temperature on an hourly 

basis. Homer energy simulates different kinds of system configurations and generates 

results in tables and graphs. The software simulates the operation of a system by making 

energy balance calculations for each of the 8 760 hours of the year. For each hour there 

is a comparison of the electricity demand to the energy that the system can supply in 

that hour. Homer energy then determines whether a configuration is feasible and 

estimates the cost of installation and operation of the system over the lifetime of the 

simulated system. The costs are presented as Total net present cost which it calculates 

using an annual real interest rate of 6%. There are a few initial values that cannot be 

changed in Homer energy. One of these is the battery state of charge, which Homer 

energy takes for granted always is fully loaded the 1
st
 January. [38] 

In order to perform a sensitivity analysis Homer energy is provided with sensitivity 

values that describe a range of resource availability and component costs. The software 

then simulates each system configuration over the range of values. [39] 

3.2.2 Sensitivity analysis 

To investigate how robust the system is, a sensitivity analysis has been made. The 

following parameters were varied and their impact on the result has been analyzed. 

 Batteries 

 Solar radiation 

 Load profile 

 Time profile 

 Slope 

 Azimuth angle 

 Price of PV systems 

 

The results from the sensitivity analysis were compared and used to investigate which 

parameters have the most impact on the result. 

3.3 How data has been generated 

To collect information about solar cells an interview was held with Uwe Zimmermann, 

senior lecturer at the Department of Engineering Sciences, Solid State Electronics, 
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Uppsala University. Glava Energy Center and Swemodule has also been visited, to learn 

more about the technology and the production.  

To get a good understanding of UL and the present situation, interviews have been held 

with Stefan Bojander, strategic planner at UL and Sampo Hinnemo, traffic planner at 

Uppsala municipality. Other people have been contacted via mail and telephone to get 

the information needed. The remaining data has been collected by reading articles and 

books and visiting web-sites containing important information. 

3.3.1 How costs have been calculated 

The cost of a PV system has been set to 26.6 SEK/Wp according to a thesis written by 

Emil Andersson in 2013. In his thesis he estimates the cost of a grid connected PV 

system to 31.25 SEK/Wp including tax. In Table 2 below the estimation of how that cost 

is divided is presented. However, since the PV system concerned in Andersson’s thesis 

was connected to the electricity grid, there are some differences that have to be taken 

into consideration. The most important difference is the size of the system compared to 

the one in this thesis and the fact there is no need for an inverter in a stand-alone 

system. Therefore 15% of 31.25 SEK can be subtracted which gives us a total cost of 

26.6 SEK/Wp. [36] 

Table 2. Each component’s percentage of the total price. [36] 

Component Percentage 

Solar panels 55% 

Inverter 15% 

Other materials 10% 

Installation cost 20% 

Total 100% 

 

Different prices of PV systems have been obtained. Swemodule and the solar market 

research and analysis company Solarbuzz have estimated the price of only the solar 

panel to 6 SEK/Wp. This price is low, comparing to the price in Andersson’s thesis, but 

it does not include installation costs. Since Andersson’s thesis regarded a large scale on 

grid system, he probably has a lower installation cost per Watt than the bus stop. These 

things have been taken into consideration when deciding the credibility of the price. If 

the price would still be set too high, this is considered to be safer than setting the price 

too low. [17][40] 

According to Johan Lindahl, PhD student at the department of engineering sciences, 

solid-state electronics at Uppsala University, 26,6 SEK/Wp is a good approximation for 

a case like this. He also states that the price could vary from 14 SEK/Wp to 34 SEK per 

installed Watt. 26,6 SEK/Wp is a cost that includes everything except for batteries and a 

charge controller. In the simulations different batteries have been used and thus also 
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different prices. The price for the batteries has been taken from retailers for the chosen 

battery. [41] 

The costs concerning a grid-connected system have been obtained from the owner of the 

electricity grid, Vattenfall. The administration costs for dealing with invoices have been 

set after interviews with Uppsala municipality and UL. The electricity price is set to 

increase by 1% each year compared to the mean inflation which is assumed to be the 

same for all costs and could therefore be ignored. The same annual real interest rate as 

the one in Homer energy has been used, 6%, to enable a comparison to what the cost 

would be for the lifetime of the system if paid today. The interest rate of 6% is thus the 

discount rate that is used to convert between onetime costs (such as installing the 

electricity meter) and annualized costs, for example the subscription costs. [38] 

Equation 1 shows the formula used to get a net present value. 

Total Net present Value =  
 

       
  
        (1)

   

C = sum of all costs that year  

r = real interest rate 

yr = number of years from present 

3.3.2 Reliability 

Since there is a risk that collected information could be biased, it has been examined 

critically. Some people that have been interviewed in this report may have an interest in 

marketing PV systems, but all information have been analyzed and considered 

trustworthy. The reliability of the technical data is considered high since information 

has been collected from more than one source. Data and figures concerning costs related 

to implementing a PV system are not precise since the market is expanding and prices 

change quickly. What is also important is that the price varies depending on 

manufacturer, how large the order is and the size of the system. Therefore the figures 

and numbers that have been used in this report could not be considered fixed but gives 

an indication of the size of the costs. Depending on the discount rate the total net price 

costs will also vary. The one that has been used is rather high, 6% so if UL would have 

a lower interest requirement the total net price costs would increase. 
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4. Data 

4.1 Weather 

Table 3 and 4 show weather data collected from Meteonorm 5.1 concerning average 

temperature and global solar radiation in Uppsala on an hourly basis. [42] 

Table 3. Average temperature in Uppsala [°C]. 

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

-4,3 -6,0 -2,2 2,2 7,6 12,3 15,1 13,8 9,9 5,9 1,0 -2,5 

 

Table 4. Average global solar radiation in Uppsala [kWh/m
2
/day]. 

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

0,333 0,968 2,194 3,580 5,306 5,873 5,224 4,172 2,554 1,219 0,406 0,237 

 

4.2 Costs 

Table 5 shows the main costs for connecting a bus stop to the electricity grid. 

Depending on the distance to the closest transformer the installation cost will vary with 

40 000 SEK. If the transformer is within 200 meters from the fuse it would cost 27 000 

SEK compared to 67 000 SEK if the bus stop is further away. The assumed subscription 

cost is based on a 16 A fuse which is the smallest and cheapest one available and would 

suit the electricity need for the bus stops. There is also a need for an electricity locker 

and this is something that an electrician would install and not something that Vattenfall 

is responsible for. At Vattenfall the cost for this locker has been estimated to be around 

10 000 SEK. All costs are including tax. Even if the bus stop is already connected to the 

electricity grid the cost of getting a separate subscription would be the same as to 

connect it to the grid. All costs for implementing a PV system are presented in Table 6. 

[43]  
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Table 5. Costs for a grid-connected bus stop. The lower price indicates that a 

transformer is closer than 200 meters and the higher cost indicates that the transformer 

is further than 200 meters away. [43][28] 

Component Price 

Connection to the electricity grid 27 000 / 67 000 SEK 

Subscription  3 100 SEK/year 

Electricity locker 10 000 SEK 

Administrative costs 300 SEK/year 

Electricity price 0,9 SEK/kWh 

Real electricity price increase 1% /year 

Real interest rate 6% /year 

 

Table 6. Approximate costs for components in a PV system. [36][44][32][45]    

Component Price 

Solar module and installation 26,6 SEK/Wp 

Battery  5 500 SEK/ 10 years 

Charge controller 1 000 SEK/ 10 years 

 

 

Building permit 2 400 SEK 

Real interest rate 6% /year 

4.3 Load profile 

The data of how much energy the bus stops would consume has been calculated using 

information about the different components and the weather data. Table 7 shows the 

power of each component in the system. The lamps have been estimated to consume 

10W which represent a light with approximately 1 000 lumens [46]. It is assumed that 

the lights would be turned on only when the sun is not shining and when passengers are 

waiting for the bus. The sensor is used to decrease the electricity consumption by 

turning the lights off when there is no movement at the bus stop. After discussions with 

Stefan Bojander at UL, this is approximated to be circa 50% of the time. At night when 

no buses are in use the lights would be turned off. The real time signs with speakers are 

assumed to be working all the time hence the electricity demand will never be zero. 

Table 7. Power of the components in the system. [22][47][48] 

  Lamp Real time sign Sensor 

Power [W] 10 0,03 0,45 
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4.4 Time profile 

In the night, the bus traffic is closed between 2am and 5am. Since nobody would be 

standing at the bus stop when there are no buses running, the light and the sensor would 

be switched off between 2am and 5am to save energy. The light and the sensor would 

also be switched off in daytime when there is sunlight available and therefore no need 

of lighting. These inactive hours will vary over the year since the hours of sunlight 

varies depending on the season. There will probably be a need for a timer, programmed 

in obedience to weather data, to control when to turn on and off the lights. Since the 

sensor can observe movements, it will make sure the lights are only turned on when 

someone is standing there. The bus stop is estimated to be empty of people 50% of the 

time. As seen in Table 8 below, the real time sign is never switched off.  

Table 8. Load profile developed for the first 24 hours of the year. The variations in 

power depends on the time profile. 

 

  

Time Load (kW) Time Load (kW)

00.00 0,00524 12.00 0,00003

01.00 0,00524 13.00 0,00003

02.00 0,00003 14.00 0,00003

03.00 0,00003 15.00 0,00524

04.00 0,00003 16.00 0,00524

05.00 0,00524 17.00 0,00524

06.00 0,00524 18.00 0,00524

07.00 0,00524 19.00 0,00524

08.00 0,00524 20.00 0,00524

09.00 0,00003 21.00 0,00524

10.00 0,00003 22.00 0,00524

11.00 0,00003 23.00 0,00524
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5. Results 
Results of simulations, sensitivity analysis and economic calculation are presented 

below. 

5.1 Battery 

To decide the capacity of the battery the required simulations were made with all of the 

different batteries available in Homer energy. The results are shown in Table 9. 

Table 9. Simulation result of the batteries in Homer energy.  

 

For this system, it would be optimal to use one of the VRLA batteries since these do not 

need any maintenance. The VRLA batteries have a higher installation cost than the FLA 

batteries, but since it is difficult to approximate a cost for watering of the FLA every 

second week, the VRLA would most likely be cheaper in the end.  

After investigations of the components and discussions with project manager Magnus 

Nilsson at Glava energy center and senior lecturer Uwe Zimmermann at Uppsala 

University, a 12V battery is the most commonly used for PV systems. That means that 

the Vision batteries are optimal. Of the Vision batteries the 6FM200D is the most cost 

efficient, which leads to the conclusion that a capacity of approximately 200 Ah is what 

the bus stop need. Figure 11 shows that in December the 40% limit of discharge is 

almost reached so the whole capacity is used.  

Battery name Battery type

Nominal 

capacity (Ah)

Nominal 

voltage (V)

Solar panel 

(kW)

Battery 

(pieces)

Approximate cost* 

(SEK)

Surrette S460 FLA 460 6 0.14 1 9800

Surrette 4KS25P FLA 1900 4 0.1 1 18400

Surrette 6CS25P FLA 1156 6 0.1 1 17100

Trojan L16P FLA 360 6 0.12 1 7100

Trojan T-105 FLA 225 6 0.16 1 7800

USB US-250 FLA 250 6 0.18 1 9000

USB US-250HC FLA 275 6 0.16 1 8600

USB US-305 FLA 305 4 0.16 1 9200

Vision 6FM200D VRLA 200 12 0.14 1 13400

Vision 6FM55D VRLA 55 12 0.2 1 8300

Vision CP12240D VRLA 24 12 0.24 1 8300

Vision CP6100D VRLA 10 6 0.2 11 12000

4 OPzS 200 VRLA 200 2 0.24 1 8300

6 OPzS 300 VRLA 300 2 0.18 1 7300

6 OPzS 600 VRLA 600 2 0.16 1 8100

8 OPzS 800 VRLA 800 2 0.14 1 9000

10 OPzS 1000 VRLA 1000 2 0.12 1 9200

12 OPzS 1500 VRLA 1500 2 0.1 1 11000

16 OPzS 2000 VRLA 2000 2 0.1 1 14500

*Costs include solar panel, installation, cabling and battery
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Figure 11.Simulation graph from Homer energy of battery state of charge. 

Homer energy only simulates one year and does not take in consideration the start of a 

new. As seen in Figure 11 the battery is fully loaded at January 1
st
 and it is at a 44% 

depth of discharge December 31
st
. This means that to use the result of the simulation it 

must be assumed that the battery is manually charged or replaced with a fully charged 

battery sometime in the end of December to be able to supply the load with electricity in 

the beginning of January. To avoid that, the minimum state of charge of the battery was 

adjusted to 68% which meant that the battery had a 77% depth of discharge December 

31
st
, which would be enough capacity left for the battery to work throughout the whole 

winter. During the summer months it would be fully charged again and no manually 

charging would be necessary, see Figure 12. Simulating with a minimum state of charge 

of 68% results in the need of a 180 Wp solar module, which proves that the PV module 

is the limiting factor.  

 

Figure 12. Simulation graph from Homer energy of battery state of charge with 

minimum state of charge 68%.  
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5.2 Charge controller 

The electronic manufacturing service company Steca Electronics means that since this 

investigated system is so small it would be enough to use the cheaper PWM regulator. 

In contradiction to this, Magnus Nilsson at Glava energy center means that this is a 

sensitive system and the broader range of the MPPT regulator’s capacity to transform 

current and voltage is worth the extra cost. In the calculations the price of a charge 

controller has been set to 1 000 SEK. [32][23] 

5.3 Solar panel 

The optimal solution when using the battery Vision 6FM200D is shown in Table 10. 

This shows that for this case a 180Wp solar panel would cover the electricity needed to 

run the bus stop. The simulations have been performed with a choice of solar panels 

ranging from 0.02 kWp to 0.5 kWp with a 0.02 step between them, from 0.5 kWp to 1.0 

kWp with a 0.1 step between them and from 1.0 kWp to 1.6 kWp with a 0.2 step between 

them. 

Table 10. Optimal solution.  

Battery name 

Battery 

type 

Nominal 

capacity 

(Ah) 

Nominal 

voltage (V) 

Solar 

panel 

(kWp) 

Battery 

(pieces) 

Approximate 

cost* (SEK) 

Vision 6FM200D VRLA 200 12 0.18 1 14 400 

*Costs include solar panel, installation, cabling and battery       

5.4 Costs 

Table 11 shows the total net present value for the different alternatives of supplying a 

bus stop with electricity. For the PV system the solar panel, battery and charge 

controller, building permit and installation costs are included, as well as changing of 

battery and charge controller after 10 years. For the grid connected alternatives the total 

costs are the sum of all components found in Table 6.  

As seen in Table 11, it would be less expensive to install a PV system on a bus stop. 

This would be the case even if the bus stop would already be connected to the electricity 

grid with an electricity meter installed due to the yearly subscription cost.  

Table 11. Total net present value for the bus stop. For specific information on 

calculations and annual costs see Appendix A. 

Type of system Total net present value 

PV system  18 500 SEK 

Grid connected system close to a transformer 83 500 SEK 

Grid connected system further than 200 m from a transformer 123 500 SEK 

Only subscription costs 42 000 SEK 
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5.5 Sensitivity analysis 

In the sensitivity analysis variations in solar radiation, temperature, the bus stop’s load, 

the azimuth angle and the slope have been simulated according to changes in price and 

solar module size. The sensitivity analysis of the load could be used to two different 

discussions: first of the amount of time that people are standing at the bus stops, 

secondly if the load would increase to include more applications or brighter lights up to 

40W. The sensitivity analysis also includes a best case scenario and a worst case 

scenario. The best case scenario is simulated with best solar radiation ratio, temperature 

ratio, slope and azimuth angle. For the worst case scenario it is the worst values of the 

same parameters that were simulated.  

Figure 13 shows that the incoming solar radiation affects the size and the price of the 

PV system. The price varies between 12 900 SEK and 18 200 SEK, the size of the solar 

panel between 0.12 kWp and 0.32 kWp. 

 

 

Figure 13. Sensitivity analysis of the hourly incoming solar radiation. The zero refers to 

the case study’s standard solar radiation. 

Figure 14 shows that the temperature does not have any effect on the PV system. 

However, the temperature affects the efficiency of the solar panel and the battery. Low 

temperatures are good for the solar panel’s efficiency while it diminishes the efficiency 

of the battery.  
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Figure 14. Sensitivity analysis of the hourly temperature in Uppsala. The zero refers to 

the case study’s standard temperature. 

Figure 15 shows that increasing the load to 100% (of the time people are standing at the 

bus stop, or increasing the wattage to 20W) means the need for a 0.4 kWp solar panel, 

which increases the approximate cost to 20 300 SEK. If increasing the load to 300%, or 

30W, there would be a need for a 1.2 kWp and 3 batteries á 200 Ah. This increases the 

approximate cost to 60 900 SEK.  

 

Figure 15. Sensitivity analysis of the electricity demand. 50% refers to the case study’s 

standard amount of time people are standing at the bus stop. Note that the scale of the 

load variation is not linear. 
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Figure 16 shows that the slope has little affect on the PV system. 30 degrees to 60 

degrees generates the same optimal solution. 70 to 90 degrees increases the solar panel 

to 0.20 kWp. Placing the solar modules on a flat roof of a weather shelter (0 degrees) 

would increase the solar panel to 0.4 kWp and the price of the system to 20 300 SEK.  

 

Figure 16. Sensitivity analysis of the slope (degrees from horizontal position). 40 

degrees refers to the case study’s standard slope.  

The sensitivity analysis of the azimuth angle, seen in Figure 17, shows that facing the 

PV module 30 degrees west or east from south would not affect the system.  

 

Figure 17. Sensitivity analysis of the azimuth angle (west of south). The zero refers to 

the case study’s standard azimuth angle. 
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Table 12 shows the cost variation, depending on the price of the PV system.  

Table 12. Sensitivity analysis of the price of the PV system with standard values of solar 

radiation, temperature and load.  

Price/Wp (SEK) Approximate cost* (SEK) 

14 12 200 

26,6 14 400 

34 15 800 

*Costs include solar panel, installation, cabling and 

battery 

 

The sensitivity analysis of the PV system’s price, when taking all costs in consideration 

(charge controller and building permit) results in a Total net present cost of 16 300 SEK 

for the 14 SEK/Wp case, 18 500 for the 26,6 SEK/Wp case and 19 900 SEK for the 34 

SEK/Wp case. 

5.5.1 Best case scenario 

The best case scenario has been simulated with the best weather conditions, slope and 

azimuth angle. As can be seen in Table 13 the solar panel can be decreased to 120Wp 

during such conditions.  

Table 13. Best case scenario of the standard bus stop. 

Load  

Solar 

radiation Temperature 

Azimuth 

angle (W 

of S) 

Slope 

(degrees from 

horizontal) 

Solar 

panel 

(kWp) 

Approximate 

cost (SEK) 

Standard 20% -20% 0 40 0,12 12 800 

5.5.2 Worst case scenario 

The worst case scenario is presented in Table 14. It has been simulated by changing the 

same parameters as for the best case scenario but to the worse possible conditions. This 

affected the system significantly since the solar panel now had to be the 480Wp, which 

is approximately 3.2 m
2
, for the system to work, compared to 120Wp needed in the best 

case scenario. That is a difference of 360Wp and 9 600 SEK.  

Table 14. Worst case scenario of the standard bus stop. 

Load Solar 

radiation 

Temperature Azimuth 

angle (W 

of S) 

Slope 

(degrees from 

horizontal) 

Solar 

panel 

(kWp) 

Approximate 

cost (SEK) 

Standard -20% 20% -90 0 0,48 22 400 
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6. Discussion 
The results show that the optimal solution for the standardized bus stop is a PV system 

of a 180Wp solar panel and a 12V lead acid battery with a capacity of 200 Ah. The 

battery that has been used in the simulations weights 65 kg so it is rather heavy, but 

since Homer energy does not have all batteries available on the market our simulations 

have been limited to the ones accessible in the program. Nevertheless, the results are to 

be used as a guide to what technical specifications that are needed so other batteries 

with the same properties could be used. If the PV system were to be installed it would 

be recommended to search for a lighter battery to facilitate the implementation. 

6.1 Solar panels 

The simulations of the solar modules have been made using Homer energy’s standard 

efficiency of 13% and the results have been presented in the amount of power (Wp) 

needed for the solar panels for the system to be feasible. This means that the results can 

be used in designing a PV system with any type of solar modules. A solar panel with 

180 Wp would have an area of about 1.2 m
2
 but depending on what type of solar panel 

that is used, the efficiency will differ and thus the area of the module. A module with 

high efficiency such as the one made of for example monocrystalline silicon would be 

smaller than a module with lower efficiency. The aesthetics of the panels could also be 

an important element in deciding what module to use. Monocrystalline silicon or thin 

film modules are often preferred by architects when designing PV systems exposed to 

the public. This is because of its black colour that goes well with the surrounding. Other 

people prefer the more shimmery appearance of polycrystalline silicon. However, when 

designing a large PV system the price is often the most crucial part. 

6.2 Building Permit 

To build this stand-alone system, a building permit would probably needed. This adds 

an extra cost of approximately 2 400 SEK to the project. It is the municipality who 

decides whether the building permit should be given or not. UL’s bus traffic spans eight 

different municipalities and they all have different routines for building permits. This 

makes it hard to predict the decision, which could vary, depending on if the bus stop is 

located in an urban or rural area.  

To increase the chance of getting a building permit, the design of the system should be 

as integrated in the environment as possible. Hiding cables and batteries could be a 

good idea to increase the aesthetic factor. This would probably add some extra costs that 

have not been considered in this thesis. 

6.3 Manufacturers 

Due to high competition among manufacturers of solar modules the prices have dropped 

and many companies in the business struggle to survive. China, along with many 

European countries is forcing the prices down and many manufacturers have had to stop 
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its production because of this hard competition. Swemodule is one of the manufacturers 

that keep producing high quality modules to low costs but the Chinese modules are still 

a bit cheaper. The modules at Swemodule is approximately 0.7 €/Wp whereas the 

produced modules from China could be around 0.55 €/Wp. The low costs have a 

positive effect on the market which is good from an environmental perspective, but bad 

for the manufacturers who cannot afford to keep the production running. From a life 

cycle perspective it is best if the modules are produced locally and not transported 

around the world. Since the solar panels at Swemodule consist of recycled solar cells 

the environmental impact is minimal and because of its location the transportation to 

Uppland is very short. However, there are manufacturers from other European countries 

that have not been discussed in this thesis but could be an option for UL if a decision on 

using solar modules is made. 

6.4 Risk of vandalism 

There is always a risk of vandalism of the bus stops and vandalism is equal to more 

costs. In this thesis this extra cost have not been a part of the calculations, since it is a 

problem for both the case with grid connection and off grid system. There are different 

kinds of vandalism, for example graffiti, destruction because of stone throwing, stealing 

of the real time signs or solar modules. All of these are problems which occur for both 

cases of electricity supply. According to Sampo Hinnemo there are sanitation from 

graffiti approximately ten times a year. This is maintenance which will be a part of both 

electricity supply systems. But for the PV system it means that the efficiency will 

decrease if the graffiti is on the solar module and blocks the sun from the solar cells. 

This is where it would be a good idea to put the solar module on a pole, so that it would 

be out of reach from graffiti painting.  

The problem with stone throwing could also be diminished if putting the solar panel on 

a pole, another idea is to change the front glass to something made out of plastic. This 

has been made in prototype at Glava energy center and Swemodule. Stealing of real 

time signs and the solar module is a rare problem. According to Uwe Zimmermann this 

is not something to take in consideration. A few years ago, when the price for solar 

modules was higher than it is today, the probability of stealing was higher. The solution 

with the solar panels on a pole would also decrease this probability if the pole is high 

enough to put the solar panel out of reach.  

6.5 Economy 

The costs of a PV system will depend on how the system is being implemented. There is 

a choice of buying each component separately from different distributors and then 

connect them to a system. Another alternative is to implement a customized solution 

from a company experienced in off grid PV systems. In that way a more customized and 

precise price will be given than the one in our thesis. The cost results of this thesis 

include everything that is needed to implement a PV system on a bus stop and the costs 

are about the same size as a company would offer for an overall solution. Team Tejbrant 
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is one of these companies and they have different options for supplying bus stops with 

electricity from a PV system which costs around 20 000 SEK.[49] 

For the bus stops to use the electricity from the electricity grid there is a big installation 

cost. Even though the electricity price is very low the yearly subscription costs makes it 

expensive after the connection has been made. After installing a PV system there are no 

yearly costs other than the ones concerning maintenance and changing of batteries. The 

most economical choice would therefore be to implement PV systems on all future bus 

stops.  

6.6 Uppsala - a climate city 

Uppsala county has a vision for Uppsala to become a climate city of world class. They 

won the WWF city challenge in Sweden 2013 and thus made it to the global 

competition together with four other cities, where Vancouver stood as winners. Since 

this is an annual competition Uppsala county has to continue working towards 

sustainable city development and maybe one day stand as the winner. This means all 

parts of the county council have to work together, and UL as a part of this works with 

their own goals. To have solar cells on the bus stops would therefore be in line with 

UL’s goals about decreasing their environmental impact and a way of showing the 

travellers that they think it is important to grow in a sustainable way. With electricity on 

their bus stops the safety and security would also improve. 

6.7 Sensitivity analysis 

The results from the sensitivity analysis states that changes in temperature do not affect 

the system at all, but if the solar radiation would change, a different size for the solar 

panel would be needed. Since the weather is unlikely to change there would probably be 

little deviations from the data that has been used. What could have an influence on the 

solar radiation reaching the PV module is the placement of the panels. If they would be 

put in a very shady place the radiation would not reach the panels in the same extent 

resulting in the need of a larger solar module. If the radiation would be 20% less than 

the standard radiation, the size of the solar panel would need to be 320Wp which is an 

increase of almost 80%. This proves the importance of the placement of the solar 

modules which should be considered carefully especially in the city center with many 

buildings. Even on the countryside one should try to attain an optimal placement with a 

free horizon. If a bus stop is situated on a road with forest close around it there would 

probably be a need for a larger solar panel. The azimuth angle on the other hand is not 

that important as long as the panels are put in a range of 60 degrees towards the south. 

The slope is not either a significant factor when chosen between 20 and 90 degrees from 

horizontal position. This was a bit odd since the sun do not rise very high in December 

and January. The fact that 40 degrees still is optimal could depend on all the diffuse 

radiation that the solar panel can use in December. If the modules though would be put 

flat on the roofs of a bus stop with a slope less than 20 degrees there would be a need 

for a much larger solar module, up to 480Wp. As has been mentioned previously there 
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are other advantages in placing the solar module vertically, for example the decreased 

risk of them getting covered with snow in the winter. 

The size of the load is a parameter that affects the system a lot. If the load would 

increase it would be necessary to install larger solar panels. The increase of load could 

depend on either more frequent travelling and thus the increased use of lights, or by 

implementation of more lights or less energy efficient lamps. 
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7. Conclusions 
According to the simulations it would be economically viable and technically possible 

to install a PV system to cover the electricity supply that the bus stop needs. To do so a 

solar panel of 180Wp, a 12V battery with the capacity of 200 Ah and a charge controller 

are needed. The economical investigations shows that installation of a grid connected 

bus stop would cost 83 500 SEK or 123 500 SEK depending on if cables have to be 

drawn longer than 200 m or not. The PV system would cost 18 500 SEK. The 

sensitivity analysis shows that the system is quite robust as long as the load is kept to a 

minimum. The parameter that affects the system the most is the solar radiation and 

shadow effect. If a larger bus stop with a larger load is built, the size of the solar panels 

would have to increase significantly.  
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Appendix A 
Table 15.The Excel sheet used in the cost calculations for a grid connected bus stop. 
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  Figure 17. The cash flow for a PV system from simulations in Homer 

energy. 
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