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Sammanfattning
Intresset för förnybar energi har de sista åren exploderat runt om i världen.
Klimatförändringar och global uppvärmning har triggat starten på en global
energiomställning där Sverige har som avsikt att ligga i täten. En av de mest diskuterade
och kanske mest lovande teknikerna är solenergi och solceller; den installerade effekten
har ökat signifikant bara de sista åren. Många förutspår att solceller kommer spela en
viktig roll i framtida energisystem och då tekniken blir bättre och priserna minskar så
ökar intresset ytterligare bland både individer, företag och organisationer runt om i
Sverige.
Ett företag som arbetar med energifrågor är fastighetsbolaget i DB Schenker-koncernen,
DB Schenker Property. De har sedan 2010 arbetat med att ta fram möjliga konstruktioner
för att installera solceller på taken på deras terminaler. Deras 43 terminaler, som ligger
utspridda på 28 orter, har tillsammans en relativt platt takyta på 314 045 m2 som skulle
kunna användas för att installera solceller på. 2011 installerade man 20 kWp på en av
terminalerna i Jönköping som ett pilotprojekt i samarbete med Jönköping kommun och
Linköping Universitet och 2013 utvärderade man möjligheterna att installera en
solcellsanläggning på en terminal i Malmö.
Den här studien har tagit reda på DB Schenkers totala solelspotential i Sverige och
utvärderat de finansiella konsekvenserna och miljökonsekvenserna av respektive
simulerad solcellsanläggning. Studien började med en bedömning av vilka terminaler
som lämpar sig för solceller och därefter användes programmet PVsyst för att modellera
terminalerna och solcellsanläggningarna för att få fram ett resultat. Den finansiella
utvärderingen och miljöutvärderingen har gjorts i excel baserat på de resultat som tagits
fram i energiberäkningarna. Avgränsningar har gjort med hänsyn till hur stor del av
takytan som kan användas till följd av de hinder som finns på taken, så som rökluckor
och dylikt.
DB Schenker har en solelspotential på runt 3,6 GWh per år då takytan utnyttjas som i
studien. Om man istället räknar med att man kan fylla taken med solceller blir motsvarade
siffra nära 30 GWh per år. En bättre utnyttjad takyta kan alltså ge ett bättre resultat men
bara till viss gräns då hela takytan sällan kan utnyttjas och den faktiskt realiserbara
potentialen är därför lägre än de mest optimistiska beräkningarna.
Ingen solcellsanläggning klarade dock gränsen på det finansiella måttet Modified Internal
Rate of Return (MIRR) som används för att bedöma hur bra en investering är eller
prioritera mellan olika investeringar. Den terminal som kom närmast gränsen på 13 % var
Halmstad vars MIRR låg på 12,45 %. Sämst MIRR fick de terminaler vars storlek gjorde
att de blev skattepliktiga, vilket leder till slutsatsen att det inte lönar sig att bygga större
system än 255 kWp vilket är gränsen för om en anläggning är skattepliktig eller inte.
Lönsamheten är dock beroende av elpriset och om det stiger till 1,16 SEK/kWh kommer

Halmstad som första terminal att nå över 13 %. För att alla terminaler ska bli lönsamma
enligt DB Schenkers modell måste elpriset stiga till 2,83 SEK/kWh.
Genom att investera i solceller kan DB Schenker minska deras utsläpp med upp till 2720
ton CO2-ekvivalenter per år, vilket är lika mycket som 16 300 tur och retur resor med flyg
från Göteborg Landvetter till Berlin Tegel.
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1. Introduction
Renewable energy has in recent years gained more interest around the world. Climate
change, among others, has triggered the start of a global energy transition where Sweden
intends to be at the forefront. One of the most discussed technologies is solar energy and
photovoltaics (PV), where the installed power has increased significantly during the last
few years (IEA PVPS, 2014). Many predict that PV will play an important role in the
future energy system (Krauter, 2006; Zheng and Weng, 2014; IEA PVPS, 2012; IEA
PVPS, 2014) and as solar technology improves and costs decrease the interest among
individuals, private and state owned companies around Sweden increase. DB Schenker is
one good example.

DB Schenker
DB Schenker is a German transports and logistics company part of the Deutsche Bahn
and was founded in Vienna 1872 by Gottfried Schenker (DB Schenker, 2016a). The
Swedish division, Schenker AB (further on referred to as DB Schenker in contrast to DB
Schenker Group, which in this report represents DB Schenker in the rest of the world),
was formed in 1953 and has its base in Gothenburg. They develop and produce transport
and logistics services over land, air and sea, both in Sweden and abroad. In 2013 DB
Schenker had 3800 employees and 300 cooperative haulers that accounts for another 6000
employees. 2014 the company had a turnover of 12 billion SEK (DB Schenker, 2016b).
Schenker Property Sweden AB (further referred to as DB Schenker Property) is a part of
DB Schenker. They are a property company specialized in logistics whose main task is
to assist DB Schenker with competitive properties. This makes DB Schenker Property the
landlord and in most cases DB Schenker the tenant but they do have other tenants as well.
Altogether they own 43 properties distributed over 28 locations in Sweden (DB Schenker,
2016c), which corresponds to 314 045 m2 roof area.
All companies in the DB Schenker Group have the common goal to lower their CO2 emissions with 20 % until 2020 compared to 2006 levels. They also strive to lower their
energy use and CO2-emissions per square meter with 18 % until 2020, compared to 2013
levels (DB Schenker, 2016d). To help fulfil these goals DB Schenker Property have
introduced what they call energy saving projects and also start to investigate the
possibilities of installing solar energy on the roofs of their terminals. This study aims to
give a deeper understanding of their total solar potential.

Purpose statement
The purpose is to find DB Schenker’s solar potential, the financial consequences of an
installation on each terminal and discuss what it would take for the investment to be
profitable. Furthermore the environmental consequences will be discussed in relation to
their environmental goals.
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Together with DB Schenker a few questions have been identified as the most interesting
to investigate. The questions are:





What is DB Schenker’s solar potential, in total and per property?
According to DB Schenker’s way of calculating profitability in investments, is it
a good investment?
What are the environmental consequences of such PV systems?
If DB Schenker decides to invest in PV system, which location should they start
with?

Delimitations
While solar potential studies are usually based on the whole roof area and thus neglecting
things like smoke vents that limit the area that can be used for solar, this study has been
more detailed to find a more realistic solar potential based on the actual roof area that can
be used for solar. A comparison is made between the two ways of conducting the study.
The potential only considers roof mounted PV system and not façade mounted ones. No
consideration has been given to the impact of snow or dirt on the PV cells neither has any
considerations been given to what DB Schenker would do with the surplus, except in the
financial and environmental calculations were the assumption has been that they will use
all electricity produced in the properties.

Report outline
The report starts with an introduction to the study, the purpose and delimitations in
chapter 1 followed by a brief introduction to solar energy, solar potential and a short
description of the factors influencing the performance of a PV system in chapter 2. The
following chapter 3 presents the energy assessment with the method and data used.
Chapter 4 is a description of the financial assessment, which includes an introduction of
the financial terms and a presentation of the method and calculations made. Chapter 5
present the environmental assessment in the same manner. All results are gathered in
chapter 6 where they are presented in the same order as the assessments. Chapter 7
discusses the main questions listed in the purpose statement and chapter 8 presents the
conclusion.

2. Background
This chapter gives a review of what solar energy potential is, the most important
influencing factors when calculating solar potential. Furthermore it gives a presentation
of previous studies made on solar energy for DB Schenker Property.
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PV systems
The solar cells are made up of thin sheets of semiconducting material, often silicon. When
the sheet is hit by solar irradiation, a charge separation is created and a voltage occurs
between the positively charged front and negatively charged back, as shown in Figure 1.

Figure 1. How solar cells works. Showing the positive charge on the front side, the
semiconducting material and the negative charge on the back side.
There are a number of different technologies, which are suitable for different applications,
but the most common is the silicon crystalline-types that represent approximately 80% of
the market (Naturskyddsföreningen, 2010). There are two types of silicon crystalline
cells, the mono-crystalline and poly-crystalline. The difference is, as the name implies,
the number of silicon crystals. In mono-crystalline solar cells, the cell consists of one
single crystal and in poly-crystalline the cell is made of multiple crystals put together
(Krauter, 2006).
One single cell gives low voltage of approximately 0,5 volts so to reach useful levels the
set of cells are connected in series. To protect the cells from humidity and mechanical
stress, the cells are enclosed in a frame, which constitutes the solar module. A PV system
is thus built of a set of modules arranged in strings, a DC switch, inverter, AC circuit
breakers and in some cases, an electricity meter (Molin et al, 2010). Figure 2 briefly
describes the process in five steps starting with sunlight hitting the solar panels to the
connection to the grid. When sunlight hits the solar panels, an electrical direct current
(DC) occurs as previously described. The current flows to the inverter, which converts
the DC electricity to alternating current (AC). The AC electricity is then send through a
breaker box to reach the appliance in the building that needs electricity to function. If
there is a surplus, it is sent through a meter and on to the grid. If the electricity produced
by solar is not enough to meet the buildings demand, electricity is instead drawn from the
grid (Solect, 2016).
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Figure 2. How solar panels work, briefly describing the process from sunlight to the
connection to the grid in four steps.

Influencing factors
The performance of a PV system is depending on certain factors which are described in
the following part.
2.2.1 Global solar irradiation
As the purpose of a PV system is to collect solar energy and convert it to electricity the
amount of solar radiation incident on the PV system has a major impact on the amount of
electricity produced. Mainly, there are two kinds of solar irradiation, direct and diffuse.
While the direct solar irradiation has travelled through the atmosphere unimpeded, the
diffuse solar irradiation has been scattered due to clouds or particles in the atmosphere.
Adding diffuse and direct solar irradiation together gives the global irradiation. The
global irradiation reaching the PV system is therefore dependent on weather conditions
but also the latitude of which the system is located (SMHI, 2007). According to SMHI
(2009) the average yearly global solar irradiation in Sweden varies between 700 kWh/m2
and 1050 kWh/m2.
2.2.2 Location and orientation
To maximize the amount of global solar irradiation incident on the PV system the location
and orientation is important. Since a PV systems efficiency is directly dependent on the
solar irradiation reaching the cells, choosing the location according to the surrounding
area to minimize shading is of great importance.
While the locations of the PV systems in this case is predefined, the orientation of the PV
system on the buildings are still somewhat optional and determined by Azimuth and Tilt.
Azimuth is the compass angle of the sun as it moves from east to west. In this study it
will also refer to the orientation of the roof in question. As shown in Figure 3, 0 ͦ azimuth
means that the roof is facing south. A positive angle corresponds to a PV system facing
west and in the same manner; a negative azimuth means the PV system is facing east. To
7

maximize the amount of global solar irradiation incident on the PV system the optimum
azimuth should be close to zero.

Figure 3. A figurative description of azimuth, the angle between south and the direction
of the solar panel.
Tilt refers to the tilt of the PV-modules where the optimal tilt, which maximizes the solar
radiation incident on the PV system, are directly dependent on the latitude and local
weather conditions. For low latitude, the optimum tilt angle is close to the latitude while
for higher latitude, the optimum tilt is smaller than the latitude (Gharakhani Siraki and
Pillay, 2012). A figurative description of the tilt referred to is shown in Figure 4.

Figure 4. A figurative description of tilt, represented by α in the picture.

2.2.3 Grid-connected systems
PV systems can be divided into two types; On-grid and off-grid, which describe whether
or not the system is injecting electricity to the grid. A grid-connected system is often sized
after available roof-area and either all produced electricity is fed to the grid or the
electricity is used on site and only the surplus is fed to the grid. The size of an off-grid
system is often chosen to meet the local level of consumption. The surplus would then be
stored in batteries. Approximately 90 % of all solar systems in Sweden are grid-connected
systems as can be seen in Figure 5 (IEA PVPS, 2014).
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Figure 5. Cumulative installed capacity in Sweden 1992-2014 (IEA PVPS, 2014)

Solar Potential in Sweden
To completely satisfy Sweden’s electricity consumption of 2013, which was 133 TWh
(IEA, 2016), with photovoltaic systems, an area of 1656 km2 would have to be covered.
This corresponds to 0.37 % of Sweden’s total area (Súri et al., 2007). Large scale
photovoltaic systems provide many environmental benefits through the reduction of
greenhouse gas emissions but due to the large areas required it also has an impact on land
use, landscape and thus biodiversity (Pepiña Castillo et al. 2015). One way to work around
this problem is to use already exploited areas, where large rooftops play an important role
(Assouline et al. 2015).
According to the International Energy Agency Photovoltaic Power System Program (IEA
PVPS) (2014), the total solar power capacity in Sweden was 79,4MW in 2014, as can be
seen in Figure 5. It corresponds to 0,06% of the electricity consumption. However, there
is still much that can be done. The total solar potential in Sweden for rooftop mounted
PV systems has been estimated to 42 TWh per year (Kamp, 2013), which corresponds to
11 % of the electricity consumption in Sweden.

Previous solar investigations in DB Schenker
To fulfil their environmental goals, DB Schenker Property have introduced what they call
energy saving projects. As a part of this they started to investigate the possibilities of
installing PV systems on the roofs of their terminals. In 2011 DB Schenker Property
installed 80 solar panels with a total of 20 kW on one of their terminals in Jönköping.
This was a pilot project to determine the most feasible construction of such a system
(Molin and Moshfegh, 2013) and was done in collaboration with Linköping University
and Jönköping kommun. Since the installation the system has generated approximately
86,1 MWh (DB Schenker Property, 2016c), which in turn has generated an increased
interest in solar energy. The PV system in Jönköping is still running and whether or not
it should be complemented is being discussed. More recently the prospect of investing in
another solar installation in Malmö was investigated and considered good (DB Schenker
Property, 2016b).
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3. Energy assessment
The following chapter will present how the energy calculations have been conducted
along with a presentation of data and the assumptions that have been made. In the first
part the program used for the simulations is briefly described followed by the second part,
which presents the data that were used in the calculations.

PVsyst
PVsyst is a program developed at the University of Switzerland but has now grown into
its own company. The program makes it possible to study and design photovoltaic
systems. For each project the location of the system has to be specified and then it is
possible to either use the predefined values of the chosen location or enter the
geographical coordinates and import meteorological information from a different source.
The program can calculate both grid-connected and stand-alone systems designed by the
user and there is an option to model the location and building and also place the solar
panels by hand to include shadings from nearby elements in the surroundings. The
program then analyze and produce a detailed report with a summary of all input
parameters, the main results, monthly breakdown of the energy yield and a loss diagram
(PVsyst, 2016).

Data
3.2.1 Property data
All data was collected from DB Schenker Property except for the azimuth, which was
gathered from Google Earth. Roof width and length, which was used to find the area, was
measured on scanned copies of technical drawings in DB Schenkers’ digital archive.
Three parameters were chosen as decisive when deciding what roofs should be included
in the study and the list of the available roofs was then sorted based on suitability for a
PV system. The decisive factors were roof type, azimuth and roof area in terms of amount
of shading and smoke vents etc. They are shown in Table 1.
Table 1. Requirements for a suitable roof.
Larger than 200m2 area
Between -90 ͦ and 90 ͦ
Pitched, Shed, Multi-gabled and Trough

Roof area
Azimuth
Roof type

Only the roofs larger than 200 m2 were included since the smaller roofs were either made
of improper materials, shaded most of the day or directed north and therefore not likely
to be used in a real scenario. Some buildings had bow roofs and they were neglected due
to difficulties regarding mounting and maintaining the modules. The accepted roof types
are illustrated in figure 6.
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Figure 6. The accepted types of roofs. From right to left; Pitched, Shed, Multi-gabled
and Trough.
In the end, 75 roofs were considered suitable, which corresponds to 236 640 m2 distributed
over 26 different locations. They are all presented in Table 2 along with the corresponding
data for each building.
Table 2. Information about the buildings showing roof type, azimuth, roof area and
status of the roof.
Location
Borlänge
Borlänge
Borås
Gävle
Göteborg
Göteborg
Halmstad
Helsingborg
Helsingborg
Hultsfred
Jönköping
Jönköping
Jönköping
Jönköping
Karlshamn
Karlstad
Karlstad
Kristianstad
Linköping
Luleå
Malmö
Malmö
Malmö
Malmö
Malmö
Norrköping
Norrköping
Nybro
Skara
Stockholm
Timrå
Umeå
Värnamo
Värnamo
Västerås
Västerås

Property
Långtradaren 2
Långtradaren 2
Vindtrycket 1
Sörby Urfjäll 24:3
Backa 107:3
Backa 107:3
Filen 8
Ättehögen Östra 1
Ättehögen Östra 1
Hultsfred 1
Älghunden 1
Älghunden 1
Älghunden 2
Ädelgasen
Viken 3
Bleket 1
Bleket 1
Önnestad 108:4
Maskinen 3
Storheden 1:8
Benkammen
Benkammen
Hamnen 22:173
Stenåldern
Hamnen 22:184
Reläet 8
Reläet 8
Bonaren 3
Lertaget 1
Forsmark 3
Vivstamon 1:13
Bingen 1
Transportören 1
Transportören 1
Köpmannen 1
Köpmannen 1

Roof type
Pitched and trough
Pitched
Pitched
Shed
Pitched
Trough
Pitched and trough
Multi gable
Pitched
Pitched
Trough
Trough
Pitched
Multi gable
Pitched
Trough and multi gable
Pitched
Pitched
Pitched
Pitched and multi gable
Pitched
Pitched
Multi gable
Pitched
Multi gable
Pitched and trough
Pitched
Pitched
Shed
Pitched and trough
Trough and multi gable
Shed
Shed
Shed
Pitched
Pitched
11

Azimuth [ͦ]
37
-53
40
-61
80
10
45
32
58
24
4
86
3
81
22
68
22
32
-12
81
89
5
-8
-15
-8
68
22
-70
13
2
51
13
43
-80
71
19

Area [m2]
3995
480
10425
4457
16591
2116
4932
1152
6516,2
4290
3318
3075
4580
29212,5
2204
6234
1260
7126
11335
16290,5
6130,5
4174,8
3209,3
6316,6
3272,8
3108,8
1260
8756,3
3228,4
11513,3
10920
4644
2196
948
9705
2520

Status
C
C
A
A
C
A
A
C
A
A
B
B
B
A
A
C
A
A
A
A
A
B
B
C
A
C
D
C
A
A
A
A
A
A
A
A

Växjö
Örebro
Örnsköldsvik
Östersund

Pantern 1
Distributören 4
Överön 1:66
Långtradaren 4

Pitched
Pitched
Pitched
Pitched

44
64
17
56

2915,3
4060
833
7338

Roof type refers to how the roof is tilted and Area is the suitable roof area, which means
it is the area left when subtracting area for smoke vents and suchlike. Status represent the
condition of the roof. “A” means that the remaining lifetime is longer than 10 years with
continuing maintenance and “B” means that the remaining lifetime is 5 to 10 years. “C”
means that the roof needs to be recovered within 1 to 5 years and “D” means that the roof
should be recovered within 1 year. Two types for the same roof means that there are more
than one roof with the same azimuth that have been put together in the table. If those roofs
had different status, the status of the largest part was chosen as status for the merged roof.
However, in PVsyst they have been modelled to reflect the reality. The roof information
is taken from the latest roof inspection protocol and technical drawings of each property
respectively.
Each building with a suitable roof was modeled in PVsyst using measurements from
technical drawings provided by DB Schenker Property. Only building elements, such as
towers, signs or smoke vents, with a risk of shading the PV modules were included in the
models and their location on the roof where based on technical drawing in first hand and
on pictures from Google Earth if the level of detail in the technical drawings was not
satisfying enough. Since most buildings are situated in industrial areas with large parking
lots and asphalt areas around, it was assumed that the only surrounding shading elements
would come from the building itself. Figure 7 shows an example of how the models look
in PVsyst. The figure demonstrates the property Malmö Stenåldern.

Figure 7. Demonstration of how the modeled building in PVsyst look like, showing the
property Malmö Stenåldern.
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A
A
A
A

All data concerning electricity consumption were also collected through DB Schenker
Property. However, one property (Malmö Hamnen 22:184) has not been used regularly
during the reference year and the electricity consumption was therefore assumed to be
twice the levels reported for 2015.
3.2.2 PV system data
Since it is not certain when the installation of PV systems will start, it was decided in
consultation with DB Schenker Property (2016b) that the choice of module and inverter
would be arbitrary. The assumption has been that the technology is expected to improve
before an actual installation is due and the module and inverter chosen for the study would
then be outdated and thus irrelevant. Anyhow, the module used throughout the whole
study was found in the original PVsyst database, a Mono crystalline Silicon type called
GES-6M305 manufactured by Sainty Solar. The specification can be found in Table 3.
Size and number of inverters were decided by the program to match the size of the
installation.
Table 3. Characteristics of the chosen PV module (Sainty Solar, 2016).
Characteristics
Max power (Pmax)
Power Tolerance
Open Circuit Voltage (Voc)
Short Circuit Current (Isc)
Max Power Voltage (Vmp)
Max Power Current (Imp)
Module Efficiency
Pmax Temperature Coefficient
Voc Temperature Coefficient
Isc Temperature Coefficient

Unit
W
W
V
A
V
A
%
%/Degrees C
%/Degrees C
%/Degrees C

GES-6M305
305
(0, +5)
46
8,83
37,3
8,19
15,7
-0,44
-0,32
+0,04

The PV modules were placed at least 1,5 m from the edges of the roof and each array at
least 2 m apart due to self-shadowing. As all roof have a tilt between 3 and 8 degrees, all
solar modules are assumed to be mounted with a set tilt of 30 degrees. Smoke vents were
assumed to be of size 1x3 m and need 1 m of maintenance space on each side. While
roofs with negative ridge angle have smoke vents on the sides, which therefore could be
neglected, flat and positive ridge angled roofs have smoke vents on an average distances
of 2 m from the ridge and thus the suitable area for those roofs were reduced. The area
covered with solar modules in this simulation has therefore been considerably smaller
than previously made solar potential studies and might be considered pessimistic. A larger
suitable area is however, only positive and thus the choice of presenting a smaller suitable
area will ensure that the results of the simulation will not exceed the actual outcomes of
such installation and prevent overly optimistic estimations.
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Global solar irradiation data for each location were obtained though the modelling tool
STRÅNG (SMHI, 2016) provided by SMHI and imported into the program. 2015 was
chosen as reference year due to the availability of consistent energy consumption data
from DB Schenker.

4. Financial assessment
The following chapter will present the different financial outputs and how they have been
calculated along with the assumptions made considering the input parameters.
The financial outcome of solar installations is both dependent on the characteristics of the
PV system and external factors such as politics and electricity price. It is thus a complex
estimation for a large amount of solar and some assumptions have to be made. It is
important to remember that these calculations are rough estimations and does not
represent a set price for the installations. Such a price is received first when an offer have
been made by a solar installation company.

Financial outputs
4.1.1 Levelized cost of electricity
Levelized Cost of Electricity (LCOE) makes it possible to compare the electricity costs
between different energy sources and enables financial comparisons between for example
PV systems and the currently used energy system. It represents the average cost of
electricity and includes lifetime, operation, maintenance and cost of capital (Ossenbrink
et al., 2012). Briefly described, the LCOE is calculated dividing sum of total costs in a
lifetime with the sum of the total electrical energy produced in a lifetime. The LCOE is
calculated as:

I t  M t  Ft

(1  r )t
t 1
LCOE  n
Et

t
t 1 (1  r )
n

(1)

where n is the lifetime of the system, It is the investment cost per year, Mt represents the
maintenance and operation expenditures. Ft is the fuel expenditures, which is zero for PV
systems. Et represents the electricity production per year and r is the discount rate.
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4.1.2 Payback period
To find the payback period a Net Present Value (NPV) has to be calculated. NPV is the
value of the investment at the end of a chosen period. A value over zero means that the
investment has been profitable and the higher value, the more profitable the investment
is (Investopedia, 2003a).
Payback period is the period it takes for the investment to recoup the historical costs of
the investment and reach a break-even point. This happens when the NPV is zero and it
is usually measured in years (Kurt, 2003).
4.1.3 Modified Internal Rate of Return
Modified Internal Rate of Return (MIRR) is a metric used when wanting to measure the
profitability of potential investments, which enables prioritization. It is a discount rate
that makes the NVP of all cash flows zero. While the commonly used Internal Rate of
Return (IRR) assumes that the positive cash flow from a project are reinvested in the IRR,
the MIRR assumes that cash flow is reinvested at the firm’s cost of capital which makes
MIRR more accurate (Investopedia, 2003b). MIRR is calculated as:

MIRR  n

FV CF , rr 
1
 PV CF , rf 

(2)

where FV represents the future value, CF+ is the positive cash flow and rr is the
reinvestment rate. PV represents the present value, CF- is the negative cash flow, rf is the
financial rate and n is the lifetime of the system.
MIRR is commonly used in DB Schenker in decision-making processes and for a project
to be considered worth the investment a 13 % MIRR has been set up by DB Schenker as
a guideline. However, if the project in question does not live up to the 13 % but brings
other values such as environmental or social, a lower MIRR might be accepted (DB
Schenker Property, 2016).

Data
4.2.1 Taxes and subsidies
The tax regulations for solar power are somewhat complex and can be hard to
comprehend, not the least because of the frequency with which it changes. The following
discussion will be based on the regulations that apply today. According to those
regulations, a producer of electricity with a PV system smaller than 255 kWp per legal
entity that produces electricity for own use only is not obliged to pay the energy tax for
the electricity produced (Skatteverket, 2016). Today’s energy tax is 36,5 öre/kWh or
24,12 öre/kWh in some municipalities in the northern part of Sweden (Vattenfall, 2016).
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It is possible to apply for an investment support from The Swedish Energy Agency. The
support is maximum 30 % of the investment cost with a maximum limit of 1,2 million
SEK or 37 000 SEK per installed kWp, VAT excluded (Energimyndigheten, 2016).
In previous studies (Molin, n.d.b) the viability of selling electricity was investigated. The
result was that there were no incentives for DB Schenker to engage in such activities and
therefore the assumption has been that the electricity produced will be consumed within
DB Schenker and that the potential surplus is taken care of using batteries for the electrical
equipment used in the terminals or sent to the grid without payment. However, the size
of the systems might in some cases exceed the 255 kWp limit and those systems will be
considered taxable.
4.2.2 Electricity price
Energy price has been estimated according to the standardized price of 1 SEK/kWh that
is used by DB Schenker when including energy price in calculations. However, the price
for electricity in Sweden is relatively low compared to historical prices. One of many
reasons for this is that the gradually decreasing electricity demand, the recent mild winters
and rainy summers together with an expanding production of renewable energy have
generated a surplus on the market (Godel, 2016). As every stock market, the market for
electricity is also depending on inflation, which is also quite low at the moment (SCB,
2016). While one can expect that the electricity demand keeps decreasing, the inflation
will most likely eventually start to increase and the price with it. A likely assumption is
therefore that the electricity price will increase, and since the weather and demand is hard
to predict the assumed increase of the electricity price have in this study been based on
an assumed increase in inflation of 2%, which is the inflation assumed by DB Schenker
Property in financial assessments (DB Schenker Property, 2016). It is however,
interesting to see what effects the electricity price has on the viability of a potential solar
investment and therefore different rates have been tested in the discussion presented in
chapter 7.
4.2.3 PV system
IEA PVPS (2014) have made a survey on what prices for a PV system were available in
Sweden in 2014. By asking Swedish installation companies they found that the price
decreased approximately 1 SEK/Wp in 2014 compared to 2013 and that the average price
in 2014 for a roof-mounted, grid-connected PV system of above 20kWp was 12,9
SEK/Wp, VAT excluded. The price for a system smaller than 20kWp was estimated to
13,9 SEK/Wp, VAT excluded. The system price includes modules, inverter, mounting
material, installation work, transportation of material and other electronics such as cables
(IEA PVPS, 2014).
Maintenance of a solar system is often said to be needless, however, unforeseen damages
could happen and should therefore be included in the calculations to avoid overoptimistic
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results. A commonly used value for the maintenance cost over the PV systems lifetime is
1 % of the initial investment (Branker et al., 2011).
A degradation of the PV system is also expected. A degradation rate of 0,9% /year, which
corresponds to 79,8% of original efficiency year 26, has been used throughout the
calculations. This is based on the standard warranty for solar modules saying that the
efficiency have to be at least 80 % of original efficiency after 25 years (Jordan and Kurtz,
2011; Solar Energy, 2016). A solar module can have a lifetime much longer than 25 years
if maintained accordingly but the most commonly used lifetime when calculating solar
potential is 30 years, which is why 30 years has been used throughout this study too.
While a solar cell is constructed to last between 25 and 30 years, the inverters generally
have a lifetime of approximately 15 years. This means that the inverter have to be changed
at least once during the PV systems lifetime (SP, 2014). The replacement cost of the
inverter is estimated to approximately 9 % of the initial investment (IEA PVPS, 2014).
4.2.4 Summary of financial inputs
The financial inputs have been summarized in Table 4.
Table 4. Summary of the assumptions made in the financial calculations
Object
Value
Unit
System price, large system 12,9
SEK/Wp
System price, small system 13,9
SEK/Wp
Maintenance
1
% of investment cost
New inverter
9
% of investment cost
Degrading factor
0,9
% per year
Lifetime
30
years
Tax
0,365
SEK/kWh
Electricity price
1
SEK/kWh
Inflation
2
%
Subsidies
30
% of investment cost, max 1,2 million SEK

5. Environmental assessment
This chapter describes how the environmental assessment was conducted starting with
the main method. The second part describes the concept of life cycle analysis followed
by a presentation of the data used in the calculations concerning PV technology. The
fourth part explains the method and used when calculating emissions from bought
electricity.
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Calculation of the emissions from PV system
The greenhouse gas (GHG) emissions in Sweden in 2013 have been estimated to 55,8
million ton. The transport sector alone accounted for 18,5 million ton of those and is
therefore the largest source of emissions in Sweden (Ekonomifakta, 2016b). As GHG
emissions in terms of CO2-eq is a rather known measurement, the environmental
assessment have focused on the reduction of GHG emissions due to the simulated PV
systems in a life cycle perspective. The calculation have been made in comparison to the
electricity consumption in 2015. The assessment has been conducted through a review of
literature and the result has then been applied to each property.
The reduction of emissions due to the utilization of PV produced electricity compared to
the electricity consumption in 2015 have been calculated as:

reduction  EmBought  EmPV

(3)

where EmBought represents the emissions from the bought electricity and EmPV is the
emissions caused by the PV system. The result were compared to the total amount of
emissions emitted in 2015. The compared data was based on the consumption data
brought by DB Schenker together with the data for the bought electricity described later
in chapter 5.3.

Life cycle analysis
Life cycle analysis (LCA) is a method for analyzing the environmental impacts of a
product or service throughout its lifetime. It aims to identify all resources used together
with all emissions and waste that are generated throughout the product or service life
cycle. It can, for example, be used in decision making of future investments or to identify
environmental hotspots in a production process. The phases in a products life cycle is
defined according to the ISO framework for LCA and includes raw material extraction,
material production, transports, manufacture of the product, use, recovery and/or
decommissioning in the end of the life cycle. A functional unit, usually a mass or
connected to the performance of a system, is used as the basis for comparison of the result
(Naturvårdsverket, 2004).
Life cycle analysis made on PV systems show that most emissions derive from the
production and material extraction phase. During operation solar power has almost no
environmental impacts. According to Laleman et al. (2011) and Naturskyddsföreningen
(2011) the reason is a common and feasible assumption that combustion of fossil fuel is
involved in the production of solar modules. GHG emissions therefore represents the
largest share of the environmental impacts for roof mounted PV systems
(Naturskyddsföreningen, 2011).
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Harmonization project
The LCA Harmonization Project is a project initiated by National Renewable Energy
Laboratory (NREL) to leverage the numerous amounts of studies and develop collective
insights in the environmental impacts of PV system (Heath and Mann, 2012. 46 estimates
of GHG emissions from 17 different are included in the harmonization project (NREL,
2012) and the results from the different articles were harmonized to make them
comparable. The goal was to clarify a tendency in the harmonized results in order to make
it a better tool in decision-making processes (Heath and Mann, 2012).
While some parts might have been left out in the individual articles, the harmonized
results now include the emissions from all phases of a PV systems lifetime. This means
that emissions from acquisition, processing and transport of anything required during
component manufacturing, operation and decommissioning are accounted for (OpenEI,
2016b). Assumptions made in the articles were also standardized so that the preconditions
of the different PV systems in the individual articles were made the same. Equation 4
were used to calculate the harmonized GHG emissions per unit of electricity generated
by solar PV and the standardized parameters that were used in the Harmonization project
are shown in Table 5 along with the standard values (Hsu et al., 2012).

GHG 

W
I * * PR * LT * A

(4)

W is the Global Warming Potential (GWP)-weighted mass of GHGs emitted over the
lifetime of the PV system, I is the irradiation, n is the lifetime average module efficiency,
PR is the performance ratio, LT is the lifetime of the system and A is the system area.
Table 5. List of parameters that was harmonized and the standard values used in the
harmonization (Hsu et al. 2011).
Harmonization factors
Value
Unit
Performance ratio
0,75
unit less
Lifetime average module efficiency, m-Sc 0,13
%
Lifetime average module efficiency, p-Sc 0,123
%
Lifetime
30
years
Irradiance
1700 kWh/m2/yr.

As emissions from PV mostly derive from the production of the modules, emissions per
square meter module where chosen as metric. The parameters W/A was therefore
calculated out of equation 4 as follows;
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W
 GHG * I * * PR * LT
A

(5)

where W/A has the unit kg CO2-eq per square meter as the unit sought. To acquire the
specific emissions for each property, the size of the modelled PV installation in square
meter where added and the results are shown in table 6.
Table 6. Emissions from PV for each location based on the harmonized results of
NREL.
Location
Borlänge
Borås
Gävle
Göteborg
Halmstad
Helsingborg
Hultsfred
Jönköping Ädelgasen
Jönköping Älghunden 1
Jönköping Älghunden 2
Karlshamn
Karlstad
Kristianstad
Linköping
Luleå
Malmö Benkammen
Malmö Hamnen 22:184
Malmö Stenåldern
Malmö Hamnen 22:173
Norrköping
Nybro
Skara
Stockholm
Timrå
Umeå
Värnamo
Västerås
Växjö
Örebro
Örnsköldsvik
Östersund

Emissions from PV [kg CO2-eq]
57,23
305,17
184,37
400,63
93,28
177,59
63,57
343,39
139,80
95,46
49,59
171,70
171,70
286,16
120,80
521,42
86,50
139,80
88,91
132,16
85,63
247,93
305,17
159,03
159,03
451,30
283,98
133,47
197,04
11,86
63,57
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Environmental assessment of electricity
There is no general agreement on how to calculate the environmental impacts of
electricity in Sweden, even though the result can vary much depending on what method
used. Since electricity origins from many different energy sources and the production
varies over time depending on price, policy instruments and weather among other things,
the choice of which method to use is not obvious (Sköldberg and Unger, 2008).
Sköldberg et al. (2006) have identified whether to use average electricity or marginal
electricity as one of the main questions when assessing environmental impacts of
electricity. While average electricity refers to the type of power corresponding to the
average electricity production in a given system (Sköldberg et al., 2006), the marginal
electricity consists of energy sources characterized by high cost, large capacity and the
flexibility to increase or decrease the electricity production as required, which is used
when the varieties in demand for electricity are high (Gode et al., 2009). One common
argument for using average electricity is that all consumption are equally guilty for the
marginal electricity, hence it’s not fair to assign marginal properties to the last added or
subtracted electricity (Sköldberg et al., 2006).
Both alternatives entail additional questions. When using average electricity geographical
delimitations are important since Swedish, Nordic and European electricity would
respectively give very different results. While the electricity production in Sweden is up
to 98 % based on energy sources with low CO2-emissions (Svensk Energi, 2016), the
Nordic energy production is based on approximately 60 % renewables, 25 % nuclear and
15 % fossil fuel (Gode et al., 2009). Due to a common Nordic (except Iceland) electricity
market and a large electricity yield between the countries Gode et al. (2009) state that it
is more relevant to make an environmental assessment based on the Nordic electricity
system than the Swedish system alone.
However, both Sköldberg et al. (2006) and Gode et al. (2009) argue that even though
there are no general agreement on how to conduct the assessment the choice must fall on
what reflects the reality best. Gode et al (2009) distinguish between impact assessments
and accounting, where impact assessment is an assessment of an environmental profile
that will form the basis for decisions that may involve changes in electricity use and thus
impact assessments should consider the marginal electricity. The marginal electricity
have therefore been used in the calculations. EME Analys AB and Profu i Göteborg AB,
(n.d.) adds that also emissions from marginal electricity might vary between different
years and presents two scenarios; one for a year with low emissions and one for a year
with high emissions, as seen in Table 7.
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Table 7. The CO2-eq emissions of marginal electricity in two scenarios, one for a year
with high emission levels and one for a year with low emission levels. (EME Analys AB
and Profu i Göteborg AB, n.d.)
Scenario
Year with low emissions
Year with high emissions

GWP [kg CO -eq/MWh]
400
750
2

Environmental goals of DB Schenker
DB Schenkers main environmental goal are decided on a corporate management level
and then it is up to each division to produce action plans to reach those goals. In 2013
new environmental goals where implemented, which constitutes of 18 % less CO2
emissions per square meter until 2020, compared to the levels of 2013.
The electricity consumption in properties used by DB Schenker in 2013 was 36,84 GWh
(DB Schenker, 2015) of which the properties included in the study stood for 82 % (DB
Schenker Property, 2016). Assuming that the reduction of emissions is supposed to be
evenly distributed between the properties, the properties included in the study have to
reduce their emissions with 14,8 % until 2020 compared to the levels of 2013.
If calculated in the same manner as previous emission calculations the total amount of
CO2-eq emitted in 2013 for the properties included in the study was 12054 ton a year
with low emissions and 22602 ton a year with high emissions.
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6. Result
This chapter presents the results from each assessment starting with the energy
assessment followed by the financial assessment and last is the environmental assessment
presented.

Energy assessment
The results from the simulations, which are shown in Figure 8, give a total amount of
produced electricity of 3634,213 MWh per year. The terminal producing least electricity
is Överön, which produces 9,09 MWh per year, and Backa has the largest production of
280,26 MWh per year. But while the size of the PV system on Backa is 288kWp, the size
of the PV system in Överön is only 8,54 kWp, which is why the size of the system and
the roof area needs to be accounted for when comparing between properties.

MWh/year and kWp

400
350
300
250
200
150
100
50
0

Produced electricity [MWh/år]

Size [kWp]

Figure 8. Produced electricity from simulation in PVsyst together with the size of the
modelled installations.
If looking at the results per square meter of suitable roof are, shown in Figure 9, latitude
seems to be of less importance. Skara, Umeå and Värnamo have the notably highest result
with a production of 38,5, 32,4 and 28,4 kWh/m2 and year, while Borlänge and Hultsfred
had the lowest results of 8 and 9,7 kWh/m2 respectively. What seems to be more important
is, not surprisingly, the utilization of the roof area. While Skara, Umeå and Värnamo all
have a utilization of the roof area above 20 %, Borlänge and Hultsfred end up with only
6 and 7 %. This difference is mostly due to the varying amount of smoke vents and
suchlike, which have been a determining factor of how and where the solar panels are
placed. Most properties have a production of 14 - 17 kWh/m2 with a utilization rate of 912 %.
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Figure 9. Produced electricity per suitable roof area in kWh/m2.
The ratio kWh/kWp gives a result that is less dependent on the utilization of the roof area
and more on azimuth, tilt and irradiation, which makes it a better measurement of the
suitability of the location and orientation of the PV system. Örnsköldsvik have the highest
result of 1064 kWh/kWp followed by Halmstad (1063 kWh/kWp), Stockholm (1025
kWh/kWp) and Umeå (1002 kWh/kWp). Gävle and Malmö Benkammen are the last and
second last on the list with 679 kWh/kWp and 730 kWh/kWp respectively. All properties
are shown in Figure 10.
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Figure 10. kWh per installed kWp for all properties.
If the comparing the result with the consumption in each property, as shown in Figure 11,
the lowest share is found in Jönköping Älghunden 2 and Borlänge, where the share of
consumption on each locations are 4,4 % and 4,5 %. Malmö Hamnen 22:173 and Malmö
Hamnen 22:184 have the highest share of consumption, with 40 % and 35 % respectively.
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Figure 11. The share of solar produced electricity in comparison to the whole
consumption of the buildings respectively

Financial assessment
The financial assessment has been conducted in regards to find how good of an
investment a PV system would be on each of the properties using MIRR as the
measurement of choice. It has also been to find what it would cost, how long the payback
period is and also the LCOE for each PV system.
The results show that no investment lives up to the 13 % MIRR, which is the percentage
that DB Schenker has set up as the limit to whether or not it is a good investment. This
means that with DB Schenkers way of measuring profitability, no installation is a good
investment. The property with highest MIRR is located in Halmstad and reach 12,54 %
while the one with the lowest MIRR is located in Malmö and has a MIRR of 9,18 %. All
MIRR-results can be seen in Figure 12.
14%
12%

MIRR %

10%
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Figure 12. The MIRR of all properties respectively
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The three locations with the lowest MIRR; Göteborg (10,48 %), Malmö Benkammen
(9,18 %) and Värnamo (9,57 %), are all modeled to be bigger than the 255 kWp, which
means that they are not defined as micro producers and therefore obliged to pay taxes. If
the PV system would be limited to maximum 255 kWp and not obliged to pay taxes the
MIRR would be significantly higher (12,13 %, 11,21 % and 12,08 % respectively) and
more in line with the other properties. Thus the recommendation of not installing PV
systems larger than 255 kWp, that was one of the conclusions of the pilot project, still
stands.
The payback period varies between 9 and 20 years and again, the three longest payback
periods is due to taxes. If all PV systems were adapted to the current tax regulations the
payback periods would instead vary between 9 and 14 years. If the size of the PV systems
is adapted to current tax regulations the longest payback period occurs in Gävle, which
has a payback period of 14 years. If they are not adapted to tax regulations the longest
payback period is the PV system on Malmö Benkammen with a payback period of 20
years. The shortest however, is the installations in Halmstad and Stockholm, which both
has a payback period of 9 years. Payback period measured in years for all properties
without the adaption of the three largest PV systems to tax regulations are shown in Figure
13.
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Figure 13. Payback period measured in years for all properties without adaption to
current tax regulations.
The LCOE of each PV system was also investigated and the highest cost of electricity is
found in Gävle at a price of 0,67 SEK/kWh and the lowest is found in Halmstad at 0,43
SEK/kWh. The LCOE for all properties are shown in Figure 14.

26

SEK/kWh

0,80
0,70
0,60
0,50
0,40
0,30
0,20
0,10
0,00

Figure 14. LCOE in SEK/kWh for all properties.
How profitable an investment in PV is, is dependent on the electricity price. A higher
price makes a more profitable investment while with a low electricity price it might be
more profitable to not invest in a PV system. As mentioned, the price for electricity in
Sweden is very low at the moment and therefore the calculations have been made with
the assumption that the price will increase together with the inflation, which in turn is
assumed to be 2 % per year. The result was that all PV systems on the simulated
properties would fail to reach the 13 % MIRR limit that DB Schenker use as a
measurement of profitability. But what if the price would increase more than those 2 %
per year and how much does it have to increase to make the investment reach that MIRR
of 13 %?
Halmstad is the most profitable property to invest in a PV system, it reaches 13 %
already at a price of 1,15 SEK/kWh. To get the least profitable, which is Malmö
Benkammen, to reach the 13 % the electricity price have to increase to 2,82 SEK/kWh.
In Figure 15 the electricity price when the MIRR reach 13 % for all properties are
shown.
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Figure 15. The electricity price for when the MIRR of each property reach 13 %.
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When the MIRR reach 13% for all properties the payback period is 8 years and the LCOE
is 0,37 SEK/kWh.

Environmental assessment
The reduction of emissions for each property correspond rather well to how large the
simulated PV systems are. Therefore the properties with largest reduction during a year
with high emissions are the two with the largest PV systems, Göteborg with a reduction
of 210 ton CO2-eq per year and Malmö Benkammen with 204 ton CO2-eq per year. During
a year with low emissions those properties would save 111 ton CO2-eq per year and 109
ton CO2-eq per year respectively. The property that saves the least amount of GHG
emissions is also one of the smallest PV systems, Örnsköldsvik, which will save 3,6 ton
per year a year with low emissions and 6,8 ton per year a year with high emissions. The
results for all properties are shown in Figure 16 together with the generated electricity on
each property’s simulated PV system.
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Figure 16. Reduction of CO2-eq emissions in ton per year for both scenarios.
While Göteborg and Malmö Benkammen could save most in the previous discussion, it
is Skara, Malmö Hamnen 22:173 and Malmö Hamnen 22:184 that can save the most when
looking at reduction compared to the consumption level of each property respectively in
2015. Malmö Hamnen 22:184 have the potential to reduce their emissions with 40 % and
Malmö Hamnen 22:173 and Skara can reduce their emissions with 35 % and 31 % of their
emissions. The property with lowest percentage is Jönköping Älghunden 2, which
reduces the emissions with 4,4 %. The reduction in percentage per property are shown in
Figure 17.
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Figure 17. Reduction of CO2-emissions per property in percentage compared to 2015.
The total reduction compared to year 2013 is 10,8 %. If the goal would be divided evenly
between the properties used by DB Schenker, this PV installation would cover 72 % of
that goal. Compared to the total environmental goal of a reduction with 18 %, 10,8 % is
a good contribution.

7. Discussion
This chapter will first discuss one of the main assumptions in this study, the suitable
roof area and the second part discuss a priority of which properties to start with based
on the previously presented results.

Suitable roof area
In less detailed studies the solar potential is often calculated based on the total roof area
of the building in question. This is probably a good way to estimate the solar potential
when looking at large areas with a lot of rooftops, such as whole cities or municipalities.
Still, it tend to give a slightly optimistic result considering that only about 11 % the total
roof area was used in the simulation due to smoke vents and suchlike. The results for the
smaller areas should reflect the reality better but since the installations are somewhere in
the future where the technology chosen and the assumptions made might not be accurate
anymore it might also be of interest to know the solar potential the properties if the whole
area could be used.
The largest roof area is found in Jönköping Ädelgasen and therefore it is also the terminal
with the largest PV system when using the whole area. The generated electricity reach
2,9 GWh per year and is followed by the terminal in Göteborg with 2,3 GWh per year.
The smallest PV system is Örnsköldsvik, which is the same as when smoke vents and
suchlike are accounted for. The simulated PV system in Örnsköldsvik generates 50,72
MWh per year. The distribution between the terminals is rather even and the average is
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967,7 MWh per year. 20 PV systems have a yearly electricity production larger than the
yearly consumption and the largest PV system in Jönköping Ädelgasen have a yearly
surplus of almost 2 GWh.
When using these numbers in a financial calculation there is a significant difference from
the previous results. Still no property manage the 13 % limit, they are in fact further away
from it. Since the size of all PV system, except the one in Örnsköldsvik, are over 255 kWp
the tax relief would not be applicable, which is one of the main reasons for the inferior
result. Another reason is the subsidies, which amount is decided based on the investment
cost. The subsidies cover 30 % but are limited to 1,2 million SEK per PV system. A larger
PV system have a higher investment cost and the subsidies will therefore cover a smaller
share of it making the investment more expensive for the PV system owner. However,
since the assumption have been that no electricity would be sold and that DB Schenker
would not start selling electricity certificates, it has not been taken into account now
either. If they would the results might look better.
For those properties where the production overshoots the consumption, the emissions
caused by the use of electricity becomes negative. The other reduces their emissions with
around 50 %. Hence, there is no doubt that a rooftop mounted PV system would benefit
the climate and the larger PV system, the better.

Priority
So, which location should DB Schenker start with? There are numerous ways to weight
the performance of a PV system and which one is the best mostly depend on the reasons
behind the potential installation. If the reason is to become more independent a large PV
system would fulfil that purpose but if it is of financial reasons, a larger PV system is not
always the way to go as shown in chapter 6.2.. There is also an environmental factor that
may be the main reason someone wants to invest in PV systems, but it is not necessarily
the most decisive. When installing a PV system it is also important to make sure the roof
is in good condition since the lifetime of a PV system is about 30 years. The status of the
roof must therefore also be taken into account.
If looking at the energy output, the properties in Skara, Umeå and Värnamo have the
highest kWh output per square meter. But, if taking the electricity consumption in each
property into account the PV systems in Malmö Hamnen 22:173 and Malmö Hamnen
22:184 can cover more of the consumption than Skara, which comes in third place
followed by Norrköping, Västerås and Växjö before Umeå. But consumption levels are
not static and since other energy saving projects are under investigation these numbers
might change. Therefore a more valid priority base in this case would be to not include
consumption, which means that if the only decisive parameter is the energy output Skara,
Umeå and Värnamo are good properties to start with, in that order.
However, all of them did not perform as well in the financial assessment. A PV system
in Värnamo have a MIRR of 9,57 % and a payback period of 20 years, which as discussed
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in chapter 4 is due to the taxable size, and makes it the second worst investment of all PV
systems. If it would be sized to be granted the tax relief the MIRR would reach 12,08 %
and the PV system in Värnamo would instead be the fourth best investment of all PV
systems. The best investment is the PV system in Halmstad, which reaches a MIRR of
12,45 % and has a payback period of 9 years. Stockholm is the second best and Umeå is
the third. Skara is the eight best investment after Örebro, Västerås, Östersund and
Örnsköldsvik. When comparing the MIRR to the kWh/kWp, it is clearly the same
properties in top; Halmstad, Stockholm and Umeå, only Örnsköldsvik managed a better
kWh/kWp (1063 kWh/kWp) value compared to the MIRR of 12,06 %.
If the goal of investing in PV systems is to reduce as much emissions of CO2-eq as
possible, then Göteborg is the one with best performance followed by Malmö
Benkammen and Värnamo. They are the three biggest PV systems but also the PV system
with lowest MIRR.
The financial benefits might be more than just producing their own electricity. If the
goodwill generated by taking a social and environmental responsibility, which in this case
is the installation of a PV system, would have been accounted for the result might have
looked different but since it is highly unpredictable it was not included in this study.
Another thing that could change the financial outcome is if the costs of the emitted CO2eq where accounted for. There were however, no room for it in this study and therefore it
could be an interesting topic for future studies.
If the goal is to install PV systems on all property then a priority based on performance
might be less interesting. Instead a priority order based on the status of the roof would be
a better choice and in that case it is wise to start with the roof with lowest status and install
the PV system at the same time as the roof is recovered. In that case Norrköping would
be a good property to start with followed by either Malmö Stenåldern or Nybro.
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8. Conclusion
DB Schenker solar potential is approximately 3,6 GWh per year when considering the
delimitations and assumptions of this study. If the whole roof area on all properties could
be used the solar potential would be approximately 30 GWh per year, which leads to the
conclusion that a real installation that manage to optimize the usage of area better than in
these simulations would also gain a better result per square meter, which is not very
surprising.
No investment reach the limit for what counts as a good investment in DB Schenker. It is
however, dependent on the development of the electricity price. The most profitable PV
system simulated reaches the 13 % already at an electricity price at 1,16 SEK/kWh.
By investing in PV systems, DB Schenker could reduce their CO2-eq emissions with up
to 2445 ton per year. This corresponds to flying from Göteborg Landvetter to Berlin Tegel
and back 16 300 times (ICAO, 2016).
Looking at the performance of each property to determine how to prioritize what property
to start with or which has the greatest potential to become a good investment, the results
vary from different perspectives. Therefore, to figure out which property to start with one
must first figure out the reason for the investment. However, if the goal is to install PV
system on all properties, a viable priority would be to start with the property order with
poorest roof status, which in this case is Norrköping followed by either Malmö Stenåldern
or Nybro.
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