
The use of renewable energy has increased remarkably 
during the last decade and the prices are still declining. 
Renewable energy is one of the most effective tools in 
the fight against climate change and is also becoming 
increasingly competitive with fossil fuels (NRDC). 

The cleanest and most abundant renewable energy source 
is the solar power, which is energy from the sun that is 
converted into thermal or electrical energy. Solar energy 
has a variety of uses and the technology includes generating 
electricity that can be used e.g. lighting, heating and for 
running trains (SEIA).

That our climate is changing is something that cannot be 
neglected. Effects of global warming have already been 
experienced all over the world with rising sea levels, melting 
glaciers, heat waves, temperature changes over seasons, 
increasing numbers and strengths of tornadoes/trombs, 
collapsing marine ecosystems and many more. According 
to The Intergovernmental Panel on Climate Change (IPCC) 
global warming is estimated to be caused by human 
activities and is likely to reach a global temperature of 
1.5°C higher than average, between 2030 and 2052 if 
it continues to increase at the current rate. Climate related 
risks will continue with an increased global temperature 
of 1.5°C, with increasing effects on health, livelyhoods, 
human security, water supply, food security and economic 
growth, and even further with 2°C. By limiting global 

This is an individual project in the course “Planning project- 
Large scale structures, Analysis and EIA” at the Landscape 
architecture programme at the Swedish University of 
Agricultural Sciences in Alnarp.

In this project I will analyse the environmental impact of 
the new mainline and the new train station in Nyköping, 
that will be built in addition to the new high speed railway 
in Sweden. My focus will be to explore the possibility of 
finding positive synergy effects in order of placing solar 
panels in combination with the already planned mitigation 
solutions. 

This study will be focusing on three main areas within 
Nyköping, with three different characters: Urban area, 
Suburban area and Rural area. These three areas are under 
different conditions and will require different solutions and 
design methods in order of placing solar panels.

In order of building the new high speed railway, a lot of 
valuable land will be claimed. This study will be focusing 
on these landscapes and find ways of placing solar panels 
and by that, produce renewable energy to compromise the 
claimed land. 

Sources of information and analysing, such as geographical 
information systems, have been made in QGIS with 

information collected from different authorities such as the 
Swedish Transport Administration’s lastkajen, Lantmäteriet 
and zeus.slu.se. Other documents and information has been 
collected mostly from the Swedish Transport Administration 
and COWI AB, but also from Nyköping municipality’s 
overview plan (ÖP) and other relevant web pages.  

I have been in contact with Christer Rygaard, CEO at 
Sunny Future, who has been helping and consulting me with 
information, calculations and placing of the solar panels. 
There are many factors that affects the production of solar 
energy; wind, solar radiation, location, shadowing, the 
angel of the surface of the solar panel and many more. 
The calculations in this project are as of realistic judgment 
as possible, due to realistic calculation models and future 
development.

I have also had consultation and guidance from Johan 
Folkesson, Trafikverket, Stina Bodelius, COWI, Charlotta 
Winkler, WSP and supervision from teachers at SLU.

Maps and illustrations have been made in QGIS, Adobe 
Illustratior, Adobe Photoshop and Adobe Indesign.

warming to 1.5°C compared to 2°C is projected to reduce 
the increasing ocean temperature and ocean acidity and 
decrease the ocean oxygen level, which can save marine 
biodiversity, fisheries and ecosystems and their functions 
and services to humans (IPCC).

The transport sector is one of the biggest emission sources 
with increasing traveling all over the world, both short 
and long distances. According to the Swedish Transport 
Administration, domestic goods transport accounts for 
about a third of Sweden’s greenhouse gas emissions. 
If foreign shipping and aviation are also included, the 
proportion is just over 40 percent. Of domestic transport, 
road traffic accounts for just over 90 percent of the total 
emission source in Sweden. Sweden has a long history of 
sustainable transport with both biofuels and implementation 
of electric car technologies, batteries, fuel cells and charging 
infrastructure.

In 2018, the Swedish Government decided that a new main 
line for high speed trains will be built between Stockholm 
- Gothenburg and Stockholm - Malmö. The purpose of 
the project is based on the political transport goals, the 
global sustainable goals in Agenda 2030 and the Swedish 
Transports Administration’s vision of 2030. 

The new mainlines will increase the capacity of the railroads 
in Sweden and will enable the possibility of sustainable 

transport for both the population and goods. The new 
mainline will for example shorten the travel time between 
the cities in Sweden, improve the connection between 
Sweden and Central Europe and therefore integrate cities, 
regions and draw populations, corporations, economies 
and cultures of Northern Europe closer together.

Railways are also a more sustainable option than cars 
and other transports, for both goods and people. The new 
high speed railway (HSR) has more capacity and would 
reduce half of the carbon dioxide produced by cars. Since 
the trains are also powered by electricity, the possibility 
of using renewable energy is high. The new mainline 
would almost half the traveling time between Stockholm - 
Malmö which would encourage more people to travel by 
train instead of aviation. According to calculations by the 
Swedish Transport Administration, the energy use of the 
high speed trains are approximately 70 percent lower than 
a standardized passenger car on country roads, and the 
same goes for goods transport by heavy trucks or ferries. 
Aviation has the highest energy use by far. 

The new high speed railway will also come with some 
unfavourable effects such as noise pollution and a large 
scar in the landscape. The Swedish Transport Administration 
finds it highly important to find mitigation models to make 
as little negative impacts as possible in the making of the 
new HSR. 

The sun is the nearest star from earth and is the source of 
all energy, life and movement on earth. The sun is also the 
driving force in all the weather that can be experienced on 
earth. The sun affects, among many things, the temperature 
and winds and is also a part of the plant’s photosynthesis 
(SMHI).

In order of how the sun is moving around the earth, the 
radiation from the sun varies depending on where on earth 
you are located. There are also a number of meteorological 
factors that affect the radiation flows on earth, of which the 
clouds are the most important. It can be the amount but 
also the density of clouds that covers the sky and how much 
sun radiation that will be let through. Another important 
radiation factor is the reflection of the ground, which is 
called albedo. This can vary depending on materials but 
also seasons, where for example snow has an albedo over 
60 percent (SMHI).

Photovoltaics, solar heating & cooling and concentrating 
solar power are the three main ways to harness solar 
energy. Photovoltaics generate electricity directly from 
sunlight via an electronic process and can be used to 
power anything from small electronics like garden lights 
or robotic lawnmowers, up to houses and railways. Solar 
heating & cooling (SHC) technologies collect the thermal 
energy from the sun and use the heat to provide hot water, 
space heating, pool heating and cooling for residential, 
commercial and industrial applications. 
Concentrating solar power (CSP) plants use mirrors to 
concentrate the energy from the sun, to drive traditional 
steam turbines or engines that create electricity. This thermal 
energy can be stored and used to produce electricity when 
it is needed (SEIA).

Solar panels can also be called photovoltaic panels or PV 
panels, and the name makes it clear that it is the photovoltaic 
solar energy that is used. The use of solar panels already 
plays an essential role in solar energy making, and can 
be used by small household installations up to large-scale 
projects (SEIA).

The map on the right shows SMHI’s data over the global 
sun radiation over Sweden. The darkest color has the 
highest radiation measured in kWh/m2 . According to the 
radiation in Sweden, and to be able to gain as much sun 
power as possible, I have chosen to work with the stretch of 
the new high speed train that goes through Södermanland 
and has a radiation between 975-1000 kWh/m2.

In order of placing solar panels, the direction and angle are 
also important to gain as much solar energy as possible. 
Studies made by the International Finance Corporation 
shows that the solar resource is usually defined as the direct 
normal irradiation (DNI), the diffuse horizontal  irradiation 
(DHI) and the global horizontal irradiation (GHI). The DNI 
means that the surface of a unit is receiving the sun energy 
directly facing the sun at all times. When the energy is 
received on a unit facing a horizontal surface it is known 
as DHI. The combination of solar energy received both by 
DNI and DHI, is called the Global horizontal irradiation, 
GHI. 

To be able to gain as much solar energy as possible in the 
northern hemisphere, a surface tilted at an angle towards 
the south receives the highest total annual global irradiation. 
If the surface is tilted towards the south, the surface will 
face the sun for a longer period of time. The opposite goes 
for the southern hemisphere, where the surface has to be 
tilted to the north to gain as much solar energy as possible. 
The figure above illustrates the different tilt angles and why 
it is important to gain a maximum amount of solar radiation 
(IFC report).

Sweden is located very north in the northern hemisphere 
which means that the sun has a slightly different angle than 
closer to the equator. During the winter months, the sun is 
even lower. An angle of 90 degrees (‘landscape mode’) 
on the solar panel surface works therefore pretty good in 
Sweden during these months. In Nyköping, studies show 
that an angle of 90 degrees approximately gains 74 percent 
of the maximum energy. To gain as much solar power as 
possible, an angle of 35 degrees is the most suitable for 
Nyköping (Sunny Future).

Solar energy can be used to drive many different sources. 
One common source for solar energy is charging electricity 
cars and heating residential buildings. An average smaller 
residential house requires approximately 15 000 kWh/
year. 

It is common to mix power - which is measured in watts (W) 
and energy (which in the electricity context is measured 
in watt-hours (Wh)). Power is how much a consumer of 
production plan (such as solar cells) uses or produces at 
a specific moment. Watt (W) is therefore “present” and 
energy (Wh) is how much power that is produced during a 
specific period of time (Sunny Future).

As mentioned, solar energy is the cleanest renewable 
energy that can be produced. The more solar energy that 
can be produced in Sweden gives, somewhat simplified, a 
smaller carbon division in the rest of Europe (Sunny Future).

Introduction

Method

Aim of project

Solar energy

Green energy landscapes
Landscapes all over the world are constantly changing due to many 
perspectives. Human activities and development of infrastructure repeatedly 
puts the environment on the edge. By forcing the landscape to change after 
human purposes may not be the most environmentally friendly way to go. 
Instead, needs of mitigation and adaptation methods are very important to 
compensate for the claimed landscape. 

Changing does not always have to be a bad thing. There will always be good 
and bad changes. Changing from a brown energy landscape, such as the 
coal industry, into a green energy landscape like solar panel parks or wind 
power parks, are good changes and can lead to something positive. In order 
of making a bright and safe future, we need to work with the landscape and 
environment, not against it. 

1100

1050

1000

950

850

900

800

750

Values are standardized against energy 
use for passenger cars on country roads 
= index 100. 
Referece: Trafikverket

CAR

INDEX 
100

365

71

40 38
27

FLIGHT BUS TRAIN ELECTRIC 
CAR

HIGH SPEED 
TRAIN

CLOSE TO EQUATOR CLOSE TO EQUATOR CLOSE TO EQUATOR SWEDEN IN WINTER TIME

Values are standardized against energy 
use for good transport on heavy trucks on 
long-distance road = index 100.
Reference: Trafikverket

INDEX 
100

22

100

27,5

HIGH SPEED 
TRAIN

CONTAINER 
SHIP

FERRYHEAVY 
TRUCK

SUNSHINE LEADS THE WAY

This project will be focusing on finding a synergy effect 
in the already made mitigation plan in the building of 
the high speed railway, that will add renewable solar 
energy that can be used and give positive effects back 
to the already claimed landscape. I want to explore 
the possibility of finding sustainable mitigation methods 
that can bring additional value to the building of the 
high speed railway. Furthermore, I want to investigate 
how these methods can contribute to the production of 
renewable energy through solar panels. 

How far can you 
drive an electric car 

with produced energy 
from solar panels?

Nyköping

Ref: SMHI
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This study will be divided in three main characters: Urban 
area, Suburban area and Rural area. In the construction of 
the new double train tracks a lot of space will be claimed.  
A case study will be made to see where it is suitable to 
establish solar panels in the different areas. Spaces that 
cannot be used for anything else or service houses or other 
properties that can be improved by multifunctional solutions. 

Three study areas within Nyköping

Noise pollution

In order to build the new railway, some areas will come 
to claim. Some areas will be affected during the building 
process and some areas will be affected permanently. These 
areas will be reserved for railway embankments, power 
supplies, service routes, facilities for regulation, drainage 
and purification for stormwater, service houses and more.

During the last decade the combination of solar panels 
and noise screens has increased. Many big infrastructure 
projects in Europe have successfully embraced the idea. 
There are not many projects like this in Sweden so far, but 
there is no reason why it should not. 

According to studies made by the University of Arizona, shows that the possibility 
of combining crops and solar panels is not such a bad idea. Studies show that the 
shadow from the solar panels can lower the temperature of the earth’s surface, 
while the vegetation underneath can keep the temperature of the panels down. As 
the efficiency decreases when the solar panels reach high temperatures, this would, 
among other things, also result in more electricity production. Conclusion can be 
made that with the right types of crops, that thrive in shady places for e.g., that the 
combination of arable land and solar panels can result in great benefits, both for 
cultivation and pollinators but also to save water and money (E:on).

Claimed landscapes

Solar power combined with noise screens Cultivation underneath solar panels

In 2018, the Swedish Government decided that a new main 
line for high speed trains will be built between Stockholm - 
Gothenburg and Stockholm - Malmö. The project will be built 
in stages and in the pace that the economy will allow. There 
will be three main fare-stages: The Eastlink, Hässleholm - 
Lund and Gothenburg - Borås. The building of the Eastlink 
is estimated to start in 2022 and to be completed between 
2033-2035. 

The Eastlink is the high speed railway between Järna 
and Linköping and will pass through five municipalities: 
Södertälje, Trosa, Nyköping, Norrköping and Linköping. 
The stretch will be around 150 km and will be the first 
section of the HSR that will combine the three biggest cities 
in Sweden; Stockholm, Gothenburg and Malmö. 

In combination with the Eastlink there are new stations 
planned in Vagnhärad, Nyköping, Skavsta airport and in 
Linköping.

In this project I have decided to study the stretch of the high 
speed railway that will go through Nyköping. The whole 
area around Skavsta and Nyköping are well located to 
gain a lot of sun energy, due to the radiation and the east-
west direction of the new mainline in Sweden. The stretch 
has also been closely studied by the Swedish Transport 
Administration together with COWI, and therefore this 
project can be well implanted in this case study. 

The new mainlines that will go through Nyköping will be a 
separate track from the original high speed railway. In order 
to meet the future need of commuting and transportation 
and at the same time improve the availability and safety 
requirements, the Swedish transport administration and 
Nyköping municipality, will build a new central station in 
combination with the new mainlines and the existing railway 
station in Nyköping. 

The track will be around 3.3 km and will mainly go through 
the central part of Nyköping. In order to get a higher 
capacity than the existing railway, more tracks, longer 
platforms made for longer trains and more accessible and 
safer crossings will be built. The train will have a speed 
limit up to 160 km/h and will be pretty much the same 
as the existing one. The new double track railway will be 
dimensioned for different types of trains such as the new 
high speed train, regular trains and goods train, all with 
different speed limits. 

The extension of the railway stretches through Nyköping 
from west to east and will start at Nyköping river. There 
will be three tracks through the new station area. Most of 
the new railway will be built on the existing railway area, 
but there will be some new land will be claimed in the west 
part. 

Noise pollution is defined as unwanted noise and the 
interference depends on the type of sound and the quality 
of the sound, in relation of how strong the sound is and 
which frequency it contains. The experience of noise also 
depends on where people are located, what time during 
the day, the characteristics of the environment and weather. 
For example, the experience of noise becomes greater in 
undisturbed silence areas, than in densely populated areas 
with several different activities which contributes to noise. 
Noise pollution affects our health and the possibilities of a 
good quality lifestyle. Some people are also more sensitive 
to noise exposure than others. 

To measure noise pollution, a logarithmic scale with the unit 
decibel is used with the designation dB (A). The slightest 
change in sound pressure level that a human ear can 
perceive is a change of 1 dB. 

Noise pollution from train traffic appears from several 
different sources. For example; sounds from the engines, 
sound that occur in the contact between wheels and rails 
and also between pantographs and overhead contact lines. 
Noise pollution can also occur from the train’s braking 
system and also from the fans and maintenance measures. 
Noise pollution from traffic is indicated by two measures, 
equivalent and maximum noise level. The equivalent sounds 
level represents the sound as one average value over the 
day and the maximum sound level corresponds to the 
sounds for an individual event, such as a train passage. 

The Swedish Transport Administration has set up a number 
of goals and visions in the building of the new high speed 
railway. Among many policies, Safe Environments, Climate 
& Energy and Nature & Water are some of them. 

By building solar panels in combination with the train tracks, 
some of these goals and visions will gain more favorable 
outcomes.

This study will only focus on the equivalent noise level. The 
noise pollution level for the Eastlink are following:

30 db (A) daily equivalent noise level indoors
45 dB (A) maximum indoor noise level at night
55 dB (A) 24 hours equivalent noise level on the patio
60 dB (A) 24 hours equivalent noise level at the residential 
area in general
70 dB (A) maximum noise level at the patio in connection 
to houses

The new high speed railway will cross many 
different landscape types. An environmental 
impact assessment (EIA) has been made 
by COWI with descriptions of the different 
landscape character types. 

This study will only focus on Nyköping city, 
which is in the Urban landscape character 
type. 
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Natural environmental value is a very wide concept and it consists partly of habitat 
types, both natural and cultural, but also plant and animal species. The protection and 
care of natural environments is a prerequisite for being able to preserve biodiversity 
and in the extension of all biological life, as well as the functions and processes that 
are important for ecosystems and habitats to survive and develop. 

In the current situation, the high speed railway plan does not affect any protected 
nature such as nature reserves or Natura 2000 sites. On the other hand, some areas 
can be particularly highlighted. About 400 meter north of the railway bridge that 
goes over Nyköping river, is the nature reserve Hållet-Marieberg-Stenbro. Hållet is 
a forest area with a varied mosaic landscape, partly as a result of previous forest 
management. 

About 1800 meters south of the central train station is the nature reserve Svanviken, 
which is also a Natura 2000 area. Also Klia river which flows in an easterly direction 
approximately 1800 meters south of the existing train track, forms a Natura 2000 
area. Nyköping river contains a large number of fish species, among other salmon, 
sea trout, vimma and nissöga. The river also has some red-listed species like thick-
shelled mussels and otters. Among the river there are also some important deciduous 
trees.

Mosaic landscape

Flat mosaic landscape

Hilly forest landscape

Forest landscape

Urban landscape

Exsisting railway

Highway E4

HSR corridor
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UA1: 
Measurement (height x width, area:) 1,5m x 320m = 480 sqm
Mounting: Noise screens. Angle: 90 degrees. Direction: 190 degrees.
Note: Vertically mounted all-black solar panels in ‘landscape mode’

Efficiency: 74% (compared to optimally inclined solar panels facing due south)

Total amount of 185 SunPower Maxeon3 Black 410 W panels
Power and annual yield: 76 kW peak power, 63 MWh average annual yield

UA2:
Measurement (height x width, area:) 2,4 x 404 m = 970 sqm.
Mounting: Noise screens. Angle: 90 degrees. Direction: 190 degrees.
Note: Vertically mounted all-black solar panels in ‘landscape mode’

Efficiency: 74% (compared to optimally inclined solar panels facing due south)

Total amount of 470 SunPower Maxeon3 Black 410 W panels
Power and annual yield: 193 kW peak power, 159 MWh average annual yield

Calculations of the suggested solar panels have been made by the help of Sunny Future. 

The urban area will be the central part of the building of 
the new mainlines through Nyköping. The main reason is 
that the new central station will be built. Different kinds of 
analysis have been accomplished by the Swedish Transport 
Administration together with COWI, and a design program 
has been made. The visual impact will play an important 
part in the new design, also to reduce the barrier effect as 
much as possible. 

The urban area is as mentioned, the central part of Nyköping 
and it is also here that most people are gathered. Meeting 
points, soccer fields, health centre, hospital and loads of 
settlements, offices and stores are the main focus here. As 
mentioned, the visual impact but also the safety will play an 
important role designing this part of the city. 

The new high speed railway will be built within the same 
stretch as the existing track.

Current year 2015: This area is sensitive against noise pollution since there 
are many residential areas, health centers, preschools, schools and other 
sensitive operations. The map shows that an equivalent noise level of 55 dB(A) 
is exceeded at several residential buildings during the current conditions. 

Zero alternative: The zero alternative means that the new mainlines through 
Nyköping will not be built, and that the existing tracks remain in the same position 
as at present. This means that the distances between residential buildings and 
the railway will be the same in the zero alternative and the current situation. The 
change that will take place is that the traffic will increase in the zero alternative 
with more trains and a more frequent traffic. A prerequisite for the noise 
calculation for the zero alternative is also that the goods trains in 2040 will have 

the same braking system as at present and that passenger trains are quieter. 
Therefore, the noise pollution in the zero alternative will be higher compared to 
the current situation in terms of equivalent sound level. 

Expansion alternative 2040: In the expansion alternative 2040, the tracks 
are mainly placed in the same location as the existing one, in terms of the urban 
area. The regional train traffic in this alternative is according to the forecast 
the same as in the zero alternative, while the forecast for the goods traffic is to 
increase. The noise levels at the residential buildings in the expansion alternative 
becomes higher compared to the current situation and is comparable to the 
zero alternative in terms of equivalent noise level. Although the noise levels in 
this alternative will be comparable to the zero alternative for several residential 
buildings, the guideline value for equivalent is exceeded. 

Expansion alt. with mitigation methods 2040: Mitigation methods 
for the noise pollution is suggested for most of the stretch in the urban area, 
in order of noise absorption screens. In other places it is suggested to place 
local mitigation methods in order of facade measures and local noise screens 
to contain the guideline value for indoor noise level, if necessary. By placing 
noise screens the equivalent noise level will be around 55 dB(A), which is the 
guideline value. The guideline value will exceed at some places where the noise 
screens are not high enough. This because the houses are higher than 2-3 floors 
and to include these floors, the noise screen will have to be up to 4 meters. This 
would have a too high visual impact. 

J

Js1

North 
Bangårdsgatan

South 
Bangårdsgatan

The expansion of the train tracks will affect some nature values within 
class 2 and 3. These areas contains following:
- Older Tilia cordata species on the graveyard, som values
- Older Ulmus glabra species on the graveyard, noticeable values
- Herbaceous gravel, Many herb species and a favourable micro climate, high values
- Five old Tilia x europaea close to the existing train station, some values
- Incidence of the rare species Sanguisorba minor, noticeable values
- Old Acer platanoides ‘Faassen’s Black’ close to the existing train station, noticeable value
- Old Quercus robur at the existing train station, noticeable value
- Herbaceous sandy gravel with rare harb species, high value

Since there is not much space in the central part of Nyköping, 
the new mainlines will be drawn mostly along the existing 
tracks which means that there will not be a major impact 
on the urban landscape. To minimize the barrier effect of 
the tracks several new passages will be built underneath 
the tracks but also a new bridge will be built to replace the 
exciting one. 

As mentioned before, the noise pollution is one of the 
biggest negative consequences of infrastructure, and the 
high speed train is no exception. By building noise fences 
and by building noise-absorbing extensions on houses, will 
minimize the noise pollution effect. 

The safety and visual impact will come and play the most 
important role in the design of the urban area. Therefore, 
the idea of combining noise fences and solar panels is 
not the optimal solution. In the design proposal made by 
COWI, they have suggested building all the noise fences 
in glass or covered in vegetation to make a nice and light 
visual impact. The glass barriers will make it possible to see 
through and will create a more safe feeling.

Therefore, the proposal for the urban area is not to place 
the solar panels in the most central part, instead it is 
suggested to place them in the western part, where there 
are higher buildings with a more industrial atmosphere and 
further away from the new central station, city center and 
private houses. Since the solar panels will be visual from 
the train windows, the model; SunPower Maxeon 3 Black, 
is suggested because they have the most appealing visual 
impact. 

To further minimize the visual impact the solar panels have 
a maximum height of 1,5 m in UA1, representative 2,4 
m in UA2. The solar panels will be placed in the secured 
train track areas to minimize the vandalism and theft. The 
solar panels barrier will go from west - east and therefore 
the surface will constantly face south to gain as much sun 
radiation as possible.

The map shows the noise pollution after the placement of the solar panels. Since the solar 
panels also have a noise absorbing effect, the sound level will decrease in some areas.

The image illustrates how the urban area could look like when placing the solar panels. To minimize the visual impact the solar 
panels of model SunPower Maxeon3 Black, are placed further away on the platform where they are not as visual. 
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DESIGN AND MITIGATION SOLUTION

SA1:
Measurement (height x width, area:) 2,4 x 1382 m = 3317 sqm
Mounting: Noise screens. Angle: 90 degrees. Direction: 190 degrees
Note: Vertically mounted all-black solar panels in ‘landscape mode’, with a height of 2,4-2,7 
m

Efficiency: 74% (compared to optimally inclined solar panels facing due south)

Total amount of 1600 SunPower Maxeon3 Black 410 W panels
Power and annual yield: 656 kW peak power, 543 MWh average annual yield

SA2: 
Measurement (height x width, area:) m x m = 0 sqm.
Mounting: Ground montage. Angle: 35 degrees. Direction: 180 degrees.
Note: Calculations on the amount of ground mounted solar panels are based on a distance 
between rows for no shading at mid winter solstice, on horizontal ground.
Each SunPower Maxeon5 500W solar panel then needs, on average, 8,29 sqm ground. 
Total area: 4200 + 26500 + 5400 sqm = 36 100 sqm => approximately 4350 solar panels

Efficiency: 100% (optimally inclined solar panels facing south)

Total amount of 4350 SunPower Maxeon5 500 W Commercial panels
Power and annual yield:  2175 kW peak power,  2425 MWh average annual yield

Calculations of the suggested solar panels have been made by the help of Sunny Future. 

The suburban area enables more space for placing solar 
panels, than the urban area. Within the marked train track 
property there will be a lot of space that we call “dead 
space”. These spaces are just areas that have to be there due 
to safety reasons and are not accessible for the public. For 
e.g. it has to be approximately 20-25 m of “safety zones” 
on each side of a high speed railway, where humans and 
animals are not allowed to access and also there cannot 
grow any high trees or vegetation. These spaces would be 
perfect to place solar panels.

The visual impact will not be as important as in the urban 
area, because there are not as many people that will see the 
solar panels in the suburban area. In the suggestion SA1, 
the solar panels are combined with the noise screens. The 
panels will be placed in a row of a height of 2,4-2,7 meters 
and will be visible for the train passengers. Therefore the 
model; SunPower Maxeon 3 Black, is suggested because 
these panels have the most appealing visual impact. The 
bigger areas in SA2, which are further away from the urban 
area and not as visually important, the model; SunPower 
Maxeon 5 is suggested. 

These solar panels will still be visual from the train window, 
and hopefully, the vision of solar panels will have a positive 
impact on the passengers and give a feeling of a modern 
and sustainable environment.

Since the areas in SA2 are much bigger, several rows of 
solar panels can be placed. This is mentioned as solar panel 
parks. All the panels will be placed in rows with an east-
west direction and the solar panel surface will face south to 
gain as much solar energy as possible.

The solar panels in SA1 are combined with the noise screens 
that are suggested in the design proposal. The solar panels 
will not just have the same function as the noise fences 
regarding absorbation of the noise pollution, they will also 
generate renewable energy. The solar panel parks are also 
placed in areas where there are no noise screens planned, 
and will therefore absorb noise that was not planned for 
in the design proposal. For example, the noise pollution 
from the parked trains will most likely decrease and the 
residential households in the south part of the tracks will 
manage the guideline value with bigger margins than 
without the solar panels. 
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The Suburban area is the area between the urban area 
and the rural area. This area contains mostly industries, 
offices but also some residential buildings. The highway E4 
goes on a bridge that crosses the train track. The suburban 
area has a more industrial atmosphere and as there are 
not as many people moving here, the visual and the safety 
impact will not be as highly important as in the urban area. 

The new high speed railway will mostly be drawn in the 
same stretch as the existing one, except in the western part, 
where the tracks will be drawn slightly differently. 
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Current year 2015: Since there are not as many residential properties in the 
suburban area, the area is not as sensitive against noise pollution as the urban 
area. But there are still some exposed residential properties and offices close 
by the track. 

Zero alternative: Regarding the zero alternative, the noise pollution situation 
is similar as to the urban area. Since the traffic will increase over the years, the 
noise pollution will increase as well. This means that the noise pollution in the 
zero alternative will be higher compared to the current situation in terms of 
equivalent sounds level. 

Expansion alternative, 2040:  In the expansion alternative, the tracks are 
given a partly different stretch. The new tracks will have a more direct direction 
on the west side of the highway, compared to the exciting one. As in the urban 
area, the noise pollution will be comparable to the zero alternative, due to 
increasing train traffic, and higher than the current situation. Although the noise 
levels in this alternative will be comparable to the zero alternative for several 
residential buildings, the guideline value for equivalent is exceeded. 

Expansion alternative with mitigation methods 2040: Mitigation 
methods for the noise pollution is suggested in 3 places in order of noise 
absorption screens. By placing the noise screens the equivalent noise level will 
be around 55-65 dB(A), which is within the guideline value. The screens are 
only placed in connection to residential buildings, not offices or other buildings. 

The expansion of the train tracks will affect some nature values within 
class 2 and 3. The Suburban area also includes parts of the biotope 
protected area, but these areas are not within the train track area. The 
nature class 2 and 3 contains following:
- Gravelly-sandy herbaceous soil, high nature value
- Deciduous forest, noticeable nature value
- Parts of flowery slope with herbs and a high value of ecosystems with 
honeybees and other insects, very high value 

The map on the left shows where the trains will be parked during 
night time. At most, there will be about two trains at the same time 
per night. The fans from the trains will be activated during night 
time and therefore cause noise pollution. Because the noise from 
the train tracks are considered as industrial noise, the equivalent 
noise level for outdoor close to residential households will be 
applied. According to the Swedish Environmental Protection 
Agency, the guide value must not exceed 40 dB(A) at night. It 
is known that the fans from the trains will be switched on 75 
percent of the time between 22-06, and even though the noise 
screens north of the track will be built, the guideline value of 40 
dB (A) at night, is barely managed.

NOISE FROM PARKED TRAINS

The map shows the noise pollution after the placement of solar panels. Since the 
solar panels also have a noise absorbing effect, the sound level will decrease in some 
areas.
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The image illustrates the solar panels of model SunPower Maxeon3 Balck are placed as fences on the bridge where the high 
speed train crossed the highway.
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DESIGN AND MITIGATION SOLUTION

RA1:
Measurement (height x width, area:) 2,4 x 1674 m = 4017,6 sqm.
Mounting: Noise screens. Angle: 90 degrees. Direction: 190 degrees.
Note: Commercial panels as the appearance here is not as prioritized. At a height of +2 meters, 
the panels can be mounted standing or  ‘landscape mode’ on the noise screens, which requires 
slightly less mounting material. 

Efficiency: 74% (compared to optimally inclined solar panels facing due south)

Total amount of 1610 SunPower Maxeon5 500 W Commercial panels
Power and annual yield: 805 kW peak power, 668 MWh average annual yield

RA2:
Measurement (height x width, area:) 0 x 0 m = 0 sqm.
Mounting: Ground montage. Angle: 35 degrees. Direction: 180 degrees.
Note: Closed agricultural area of 5,7 ha => 6875 solar panels

Efficiency: 100% (optimally inclined solar panels facing south)

Total amount of 6875 SunPower Maxeon5 500 W Commercial panels
Power and annual yield: 3438 kW peak power, 3832 MWh average annual yield

RU3:
Measurement (height x width, area:) 0 x 0 m = 0 sqm.
Mounting: Ground montage. Angle: 35 degrees. Direction: 180 degrees.
Note: The area south of the train track embankment of 11220 sqm => 1350 solar panels

Efficiency: 100% (optimally inclined solar panels facing south)

Total amount of 1350 SunPower Maxeon5 500 W Commercial panels
Power and annual yield: 675 kW peak power, 753 MWh average annual yield

Calculations of the suggested solar panels have been made by the help of Sunny Future.

Current year 2015 Expansion alternative, 2040

Zero alternative, 2040 Expansion with mitigation measures, 2040

As in the suburban area, the rural area contains more space 
than the urban area. However, the rural area is surrounded 
by arable land and therefore, it is highly important to claim 
as little land as possible in the building of the new train 
tracks. The most noticeable part of building the new train 
track in the rural area, is the agricultural land within the 
property of Lilla Kungsladugården that will be separated 
from the rest of the arable land. 

The proposal for this specific area (RA2) is to build a solar 
panel park that will create renewable energy that can be 
used as a synergy effect and compromise for the claimed 
landscape. The larger area in the south of the new train 
tracks (RA3), is also suggested to become a solar panel 
park. 

Closer to the train track the proposal is to build standing 
solar panels (RA1). Since the solar panels will work as 
absorbing noise pollution screens, the noise pollution will 
decrease. This could be an improvement for the sensitive 
nature values within the rural area. The solar panels also 
have a positive impact on pollination and cultivation, which 
is favorable for the arable land and the biodiversity in the 
rural area. 

The visual impact will not be as important in the rural 
area because the dominated landscape is arable land. 
Therefore the model; SunPower Maxeon 5 is suggested.  
The appearance of solar panels can, on the other hand, 
have a positive effect on the passengers commuting by 
the trains, and hopefully give a feeling of a modern and 

CLAIMED LANDSCAPE

The map shows the noise pollution after the placement of solar panels. Since the solar panels also 
have a noise absorbing effect, the sound level will decrease in some areas.
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The expansion of the train tracks will affect some nature values within class 
1 and 2. The rural area also includes some parts of the biotope protected 
areas, and some of them are very close to the train track area. The south-
west track will also cross a ditch that is biotop protected. The nature class 
1 and 2 contains following:
- Flowery slope with herbs and a high value of ecosystems with honeybees 
and other insects, high value
- Mixed forest that is rich in species like Populus tremula, Picea abies, Pinus 
sylvestris, Quercus and Tilia. Dead standing and lying wood in different 
stages for degradation, slopes and rocky terrain with fire-affected forest 
and a great amount of nature conservation species. This part has the 
highest nature value.
- Railway embankment with sandy gravel where the flora has beneficial 
lime-repellent plants. An important environment with valuable flora and 
insects. High nature value.

The rural area lies within the western entrance of the area. 
This area is dominated by cultivated arable land, single 
ditches and some woody hills in the northern part. The area 
is close by and also touches the watercourse Idbäcken, to 
which the current ditches area drained. In the northern part 
of the area the terrain is more hilly and there is also a big 
forested area. Overall, the expansion is very low in the 
rural area, but there are a few residential houses in the 
south. 

The new high speed railway will be drawn quite differently 
than the existing track and therefore affect some of the 
arable landscape. However, the building of the new train 
track will not physically concern any recreation areas since 
the main character of the area is arable land, but there are 
other aspects that can be disturbed. 

Natural resources are economic assets that exist in nature. 
The building of the new train track will, in the rural area, 
have both physical intrusion into areas and possible 
fragmentation of the landscape which in turn complicates 
the conduct of the arable land and forestry. The new train 
track will within the rural area in the western connection, 
affect some agricultural land within the property Lilla 
Kungsladugården, with the Swedish Property Agency as 
the landowner (Trafikverket). 

Due to production capacity, the arable land in Sweden is 
divided into different classifications. Arable land in class 
10, which is the highest quality classification, is mainly 
found in Scania in the southern part of Sweden. The 
arable land that is affected in this project is classified in the 
productivity class 5, which means that this land is important 
from an agricultural point of view in a regional perspective. 
(Trafikverket). 

The consequences of the new mainline will be that 
parts of the agricultural land within the property of Lilla 
Kundsladugården will be separated from the rest arable 
land as the new train tracks will create a barrier. The area 
is covering approximately 5.7 hectares and will lie in the 
embankment between the new mainlines and the existing 
one. This will complicate the access to the area for the 
agricultural machines and this puts the confined area at risk 
of overgrowing and eventually disappearing. According 
to the Swedish Transport Administration, there is no clear 
solution to the problem.  

Current year 2015: Since the whole area is dominated by arable land, the noise pollution 
will not be as big of a problem, compared to the suburban and urban area. Today the train 
track only affects a few buildings north of the track, with  a noise level of 55-60 dB(A). 

Zero alternative: Regarding the zero alternative, the noise pollution situation is similar 
as to the urban and suburban areas. Since the traffic will increase over the years, the noise 
pollution will increase as well. This means that the noise pollution in the zero alternative will 
be higher compared to the current situation in terms of equivalent noise level. 

Expansion alternative, 2040: In the expansion alternative, the tracks are given a partly 
different stretch. The new tracks will have a more direct direction than the existing one. 
Therefore, the sound level will differ from both the current situation and the zero alternative. 
Still, the noise pollution will not affect any current buildings. On the other hand, the rural 
area includes more Nature value-areas than both the urban and suburban areas. The noise 
pollution does also have a large negative impact on animals, such as birds. This means that 
the forested area north of the train track, with a nature value classification 1, will be affected 
by the increasing noise pollution. 

Expansion alternative with mitigation methods 2040: Since there are no mitigation 
methods planned for the rural area in the original suggestion, the noise pollution will be the 
same as the previous one. This means that with the expansion, nature areas will be affected 
by the increased noise pollution. 
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The image illustrates the solar panels of model SunPower Maxeon5 Commersial panels placed on the claimed landscape.
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CONCLUSION
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Summary and conclusion impact assessment

Critera impact assessment

CUMMULATIVE IMPACTS

ZERO ALTERNATIVE DISCUSSION
The zero alternative in this project can be concluded in 
many different situations. The main zero alternative is based 
on that this project will not be implementated and no solar 
panels will be placed. That would lead to no possibility of 
producing renewable energy and no synergy effects with 
benefits within; e.g. environmental and ecological profits, 
will be made. The alternative would therefore result in the 
same way as the Swedish Transport Administration has 
suggested. 

Since this project is based on finding synergy effects in 
an already made mitigation plan, another zero alternative 
can be discussed, which is the following:

To define a zero alternative within a project like the 
Eastlink comes with great uncertainties. Both regarding 
land use, building & infrastructure development and 
traffic & travel patterns. To limit the impact assessment, 
the Swedish Transport Administration has decided to 
relate to already established development plans, which 
in this case is regarding to Nyköping’s development plan 
(Översiktsplan). 

A zero alternative in order of not building the new mainlines 
through Nyköping, and therefore not establishing a new 
central station or the noise protection screens, would result 
in an increased sound level in the whole city, since the train 
traffic is expected to increase regardless. 

The establishment of the new mainlines would increase 
the capacity of the railroads in Sweden and would enable 
the possibility of a more sustainable transport option for 
both the population and for transport of goods. Since the 
traveling is expected to increase, the consequences of not 
building the high speed railway, would lead to greater 
carbon dioxide emissions from exsiting transport options.

The existing mainlines in Sweden are also in consideration 
of establishment and in need of refurbishment. Another 
alternative could be to build a new railway that is not suitable 
for high speed trains, but in that case the development 
would lose many benefits that the high speed trains would 
bring. 

Noise pollution: The impact assessment for the noise 
pollution aspect is based on how many solar panels that 
will be placed in the suggestion. The solar panels have a 
noise absorbing effect, therefore more solar panels leads 
to a decreased sound level, compared to the original 
suggestion from the Swedish Transport Administration.

Claimed landscape: The impact assessment for this 
aspect is based on how many solar panels that will be 
placed in the area due to the suggestion, and therefore, 
how big the synergy effect will have on the claimed 
landscape. More solar panels means a bigger energy 
production, which means a bigger compensation for the 
already claimed landscape. 

Energy production: The impact assessment for the 
energy production aspect is based on how much renewable 
solar energy the suggested solar panels can produce. 

Visual impact: The impact assessment for this aspect is 
based on what visual impact the solar panels will have in 
the different areas. Solar panels are big constructions and 
do not always have the most attractive visual appealing. 
In the areas where the solar panels will be most visible for 
humans (urban area and for the train passengers where 
the train is going slower) a more attractive model of solar 
panels is suggested. Sunpower Maxeon 3 BLACK are the 
more attractive ones and look like black glass screens, 
while the SunPower Maxeon5 COM, has a more traditional 
appearance of a solar panel. Hopefully, the visual impact 
of the solar panels will have a positive influence on the 
train passengers and give a feeling of a modern and 
sustainable environment.

Synergy effect: This aspect is more of a summary of the 
synergy effects that will be gained in the different solutions. 
The more solar panels that can be placed in the areas, 
the more renewable solar energy can be produced and 
therefore more positive outcomes regarding compensation 
methods.

Zero alternative: no solar panels will be placed which 
means no syngergy effect will be made. The result would 
be the same as the in the suggestion from the Swedish 
Transport Administration. 

To summarize the consequence description a conclusion 
can be made regarding that the most efficient areas for 
placing solar panels are Suburban and Rural areas. The 
Urban area is the most sensitive against noise pollution, 
but is also the most sensitive area regarding visual and 
safety aspects. Therefore, noise screens made of glass 
or covered in vegetation are to be preferred in order of 
appearance and health aspects. 

The suburban and rural areas on the other hand, are very 
suitable for placing solar panels. These areas contain a 
lot of “dead spaces”, which means spaces that can not be 
used for anything in particular. The possibility of finding 
places like these in connection to the expansion of new 
train tracks are very high. Spaces that does not look like 
much, can actually fit a lot of solar panels and just by that, 
you can produce large amounts of solar energy. 

Low impact

Moderate impact

High impact

No effect

In the suburban area, where the train track and highway 
E4 intersects, the noise pollution from both of the traffic 
types will lead to a cumulative effect because of the 
nearby residential households that are exposed to the 
increased sound level. The cumulative effect means that 
the equivalent sound level will become slightly higher due 
to the combination of car and train traffic. The placing of 
solar panels will on the other hand, decrease the sound 
level even further than just the suggested noise screens. 

According to studies, with the right type of crops and 
conditions, solar panels can have a positive effect on 
cultivation. While the solar panels are shadowing the 
ground and shady tolerant crops will lower the ground 
temperature, a positive cumulative effect can be possible. 
But one can also argue that solar panels have an aldibo 
effect which could also lead to upheated microclimates 
and changed environments. 

A cumulative effect of placing solar panels that are visible 
for the citizens and the train passengers, could be that  the 
appearance of solar panels will have a positive impact on 
people and give the feeling of a modern and sustainable 
development of the environment. 

Renewable energy is one of the most effective tools in 
the fight against climate change and is also becoming 
increasingly competitive with fossil fuels. Solar power is 
the cleanest and most abundant renewable energy source 
and can be used e.g. lighting, heating and running trains. 
By placing solar panels in spaces connected to the new 
high speed railway (HSR), great synergy effects will be 
made and can therefore strengthen the environmental 
visions even further. 

The Swedish Transport Administration claims that the 
vision of building the new high speed railway is to lower 
the emissions and strive for a climate adapted society as 
well as create sustainable travel options and transport. 
The HSR will on the other hand create a big scar in the 
landscape, affecting both humans, animals but also the 
environment. Therefore, placing solar panels in these 
claimed landscapes will create a possibility of generating 
renewable energy that can be traded back to the society 
and climate. 

By locating suitable areas in Sweden, projects like this 
can be implemented all over the country in combination 
with all types of large scale structures. This could be one 
alternative in the production of renewable energy and 
one step closer to a more sustainable future. So, why not 
let the Sunshine lead the way. 

Ostänken: https://www.trafikverket.se/nara-dig/projekt-i-flera-lan/Ostlanken/aktuella-handlingar-for-ostlanken/ , http://www.ostlanken.se/l%C3%A4nkar
Nyköping: https://nykoping.se/bo-bygga--miljo/byggprojekt/ostlanken , https://www.trafikverket.se/nara-dig/projekt-i-flera-lan/Ostlanken/aktuella-handlingar-for-ostlanken/ , https://nykoping.se/
bo-bygga--miljo/byggprojekt/nykopings-resecentrum/skisser-och-illustrationer , https://nykoping.se/globalassets/nykoping.se/dokument/styrdokument/fordjupad-oversiktsplan-for-nykopings-tatort-och-
skavsta-2013-.pdf , https://skyddadnatur.naturvardsverket.se/ , https://www.trafikverket.se/contentassets/305ce34da86542caafe13244c06ba8ee/klinga-backeby/buller-1-pdf-3-mb.pdf 
Buller: https://trafikverket.ineko.se/se/trafikbuller-i-v%C3%A4rdefulla-naturmilj%C3%B6er-metodbeskrivning-2 , https://www.slu.se/globalassets/ew/org/centrb/cbm/dokument/publikationer-cbm/cbm-
skriftserie/skrift62.pdf?si=1DFC0A0CD5BDBD3012A8198F6F1FB57A&rid=1308330959&sn=sluEPi6-prodSearchIndex , https://www.trafikverket.se/nara-dig/skane/vi-bygger-och-forbattrar/hassleholm-
lund-en-del-av-nya-stambanor/dokument/
Solenergi: https://www.nrdc.org/experts/noah-long/renewable-energy-key-fighting-climate-change , https://www.seia.org/initiatives/about-solar-energy , https://www.seia.org/initiatives/solar-heating-
cooling , https://www.seia.org/initiatives/concentrating-solar-power , https://swedishcleantech.com/cleantech-sectors/sustainable-transportation/ , https://group.vattenfall.com/what-we-do/our-energy-
sources/solar-power , https://www.smhi.se/kunskapsbanken/meteorologi/solstralning-1.4186 , https://www.smhi.se/data/meteorologi/stralning/normal-globalstralning-under-ett-ar-1.2927 , http://www.
pvresources.com/en/pvpowerplants/noisebarriers.php , 
Climate: https://www.trafikverket.se/resa-och-trafik/jarnvag/nya-stambanor/vart-uppdrag--nya-stambanor/energieffektivitet-och-klimatneutralitet--nya-stambanor/ , https://www.ipcc.ch/ , https://www.
trafikverket.se/for-dig-i-branschen/miljo---for-dig-i-branschen/energi-och-klimat/Transportsektorns-utslapp/ , 
Solar energy projects: https://www.offgridenergyindependence.com/articles/15518/first-solar-panels-installed-on-solar-highways-noise-barrier , https://www.rijkswaterstaat.nl/english/environment/
projects/solar-highways/index.aspx , https://www.solarhighways.eu/ , https://omvarldsbevakning.byggtjanst.se/artiklar/2012/december/solfangande-bullerplank/ , https://www.energinyheter.
se/20190804/7905/wsp-omvandlar-bullerplank-till-solfangare?page=0%2C4 , http://www.noisun.eu/ , https://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=search.
dspPage&n_proj_id=5115 , https://www.eon.se/foeretag/producera-egen-el/kom-igang-med-solceller/odling-under-solpaneler , http://lablab.se/bright-futures/

General discussion

The aim of this project was to find ways of creating 
synergy effects by suggesting a mitigation solution on an 
already made mitigation; in this case the building of the 
new high speed railway, the Eastlink. An environmental 
impact assessment (EIA) had already been made by the 
Swedish Transport Administration together with COWI, 
and a design proposal with mitigation methods had been 
suggested. The proposals in this project are therefore 
based on these studies. Regarding this, the analysis 
method in this project is not a developed method. 

This project is all about creating a “winwinwin” situation 
with further positive outcomes. The focus has been to 
find spaces within the train track property that would be 
suitable for placing solar panels. Since there are many 
benefits with solar panels, many beneficial outcomes are 
suggested in the proposal. 

Spaces in connection to the train track, can of course be 
used for many purposes, such as more directly ecological 
beneficial solutions, e.g. ecoducts or habitats made for 
animals and plants. Those mitigation solutions will of 
course also have positive outcomes due to ecological and 
environmental aspects. Placing solar panels will not be 
suitable everywhere, due to different aspects like the visual 
impact or reflection. The most important aspect is to find 
ways to compensate for the landscape and environment 
that is claimed while developing large structures such as 
the high speed train. 

Trying to compensate for the environment, can also bring 
some unfavorable outcomes, even though the intention 
was good. For example, solar energy is one of the 
cleanest and most abundant renewable energy source, 
but installing solar panel parks does also claim large 
areas of land. Therefore the placement of these structures 
are very important. 

Sweden is located very north in the northern hemisphere 
and might not be the optimal placement for solar panels 
compared to countries closer to the equator. But by finding 
the right places and angles, even huge amounts of solar 
energy can be produced in Sweden. 

One thing that if often mentioned in this project, is that 
the vision of solar panels, hopefully will create a positive 
attitude in humans, where large scale energy landscapes 
are something that is modern and sustainable and 
something to strive towards. On the other hand, another 
effect could also be that people find the solar panels not 
visually appealing and do not like the visual impact of 
them.

Regarding the financing of the project, there could be many 
different solutions. One can argue that the most profitable 
solution for e.g. the Swedish Transport Administration, 
which could come to be the owner of the property and 
therefore the driving source of building the solar panels, 
would be to use the electricity for their own purposes. 
Regarding fiance agreements, partnerships or other 
thinkable solutions, the outcomes and profits can vary. 

This project could be beneficial for both the environmental 
and ecological aspects, but also for the finance and sales 
profits.

Methods and uncertanties

There are many aspects to consider in the assessment of 
this project. Maps of nature value and noise pollution 
are based on material made by the Swedish Transport 

Administration, COWI, and other autorites. Some maps 
are also made in the digital web tool QGIS. The method 
and analysis can therefore have some uncertainties. 

Regarding the placement of solar panels, there can be 
some uncertainties due to knowledge and analysis of maps 
and materials that are found on the Swedish Transport 
Administration’s website. All the calculations on solar 
panels in this project are of realistic judgment as possible, 
due to realistic models and future development. 

The solar panels that are suggested for this project are; 
SunPower Maxeon3 Black 410 W panels and SunPower 
Maxeon5 500 W Commercial panels. Sunpower Maxeon 
3 panels do not have any grid lines, which means that 
they can absorb more sunlight. According to SunPower, 
the Maxeon 3 panels can deliver more energy during the 
first 25 years, than a Commercial panel. All solar panels 
will also lose efficiency of energy production over time and 
this can also differ between the models.

It is also important to think about the theft and vandalism 
that can occur. Solar panels are expensive products and 
thefts can be a problem. There are also some challenges 
for a good design of the cabling in order of minimizing 
cable losses. Therefore, by placing the solar panels within 
the enclosure train track area could possibly minimize the 
thefts and human vandalism. 

Further investigations

There are many aspects that are not discussed or investigated 
in this project. A deeper investigation could be of looking 
more into financial solutions and partnerships, that could 
make projects like this feasible. To be able to generate the 
energy that will be produced from the solar panels, some 
kind of generator will be needed. To make investments 
like this profitable for companies, it is also necessary to 
investigate alternative solutions of the implementation of 
solar panels of this scale. 

Other important aspects that can be investigated further, 
is how the solar panels will affect the microclimate and if it 
is really suitable for urban areas, where this already could 
be a problem with hardened surfaces that increase heat 
waves. Another aspect could be to study how solar panels 
affect animals in different environments.

IMPACT ASSESSMENT

URBAN AREA SUBURBAN AREA RURAL AREA ZERO ALTERNATIVE

Noise pollution

The urban area is the most sensitive area 
towards noise pollution. Due to the large 
amount of residential households, offices and 
other social meeting points, this area has 
the biggest total amount of noise screens, 
compared to the other two areas. Noise 
screens will be placed along most of the stretch 
and will lower the sound level. Regarding 
this, there will not be much space left over for 
placing solar panels, however there are some 
areas in the western part of the stretch that will 
be suitable. These solar panels will lower the 
noise pollution further in areas where the noise 
screens were not planned in the beginning.

In the suburban area the possibility of combining 
solar panels with noise screens are bigger. The 
solar panels in SA1 are therefore combined 
with the noise absorbing screens that are 
suggested. This area also contains a lot more 
space which is suitable for solar panels in more 
than one row. These areas with suggested solar 
panel parks, will also have an affect on the 
noise pollution and therefore lower the sound 
level. These noise absorbing solar panels will 
for example lower the noise pollution form 
the parked trains, that did not have any noise 
protection in the earlier suggestion.

Since there are not many residential households 
in the rural area, almost no noise screens are 
suggested. In order of placing solar panels, 
which also have a noise absorbing effect, the 
noise pollution will decrease markably in this 
area. This will for example have a positive 
impact on the nature values and forested area 
in the north.

The zero alternative means that no solar panels 
will be placed, and the noise pollution will be 
as in the suggestion of noise screens made 
by the Swedish Transport Administration. As 
mentioned before, most of the noise screens 
will be placed in the urban area, and almost no 
noise screens in the rural area. This leaves this 
alternative similar to the urban area suggestion, 
but will have a larger noise pollution in both 
the suburban and rural area.

Claimed landscape

Since the new mainlines mostly will be built 
in the same line as the existing train track, 
there are only a few nature values that will 
be claimed. These are mostly eldery trees 
that stand close to the train track and can be 
affected by the expansion.

The expansion of the train tracks will affect 
some nature values within class 2 and 3. The 
Suburban area also includes parts of the 
biotope protected area, but these areas are 
not within the train track area. By placing 
solar panels in the “dead” areas within the 
train track area, positive effects will come with 
this. The solar panels will for example produce 
renewable electricity that can be used for 
heating residential households. 

The new train tracks will have a slightly different 
stretch than the existing one. The new train 
tracks will separate an area of 5.7 hectares of 
the agricultural land from the property of Lilla 
Kungsladugården. There are also some nature 
values that will be affected due to the new train 
tracks. By placing solar panels, renewable 
energy will be produced that can be used to 
compromise the loss of arable land. The solar 
panels will also have a positive impact on 
pollinators and the growth on the cultivated 
land in the area.

The zero alternative means that no solar panels 
will be placed. No synergy effects like the 
ones mentioned in the previous suggestions, 
like compensation of claimed landscapes by 
producing solar power, will be made. 

Energy production

UA1: Power and annual yield: 76 kW peak 
power, 63 MWh average annual yield.
UA2: Power and annual yield: 193 kW peak 
power, 159 MWh average annual yield

In total 655 solar panels

Total of: 269 kW and 222 MWh

SA1: Power and annual yield: 656 kW peak 
power, 543 MWh average annual yield
SA2: Power and annual yield:  2175 kW peak 
power,  2425 MWh average annual yield

In total 5 950 solar panels.

Total of: 2 831 kW and 2 968 MWh

RA1: Power and annual yield: 805 kW peak 
power, 668 MWh average annual yield
RA2: Power and annual yield: 3438 kW peak 
power, 3832 MWh average annual yield
RA3: Power and annual yield: 675 kW peak 
power, 753 MWh average annual yield

In total of 9 835 solar panels

Total of: 4 918 kW and 5 253 MWh

If the new mainlines will be built, and there 
will be no placing of solar panels, no new 
renewable enrgy can be produced in this 
project. 

In total of 0 solar panels

Total of: 0 kW and 0 MWh

Visual impact

Since the visual and safety value are the 
most important in the urban area, the noise 
screens will be made in glass. The glass will 
make it possible for the public to easier have 
a supervision of the environment and the 
possibility of feeling as safe as possible. In the 
areas where there are no people moving, solar 
panels are suggested. Since the solar panels 
will be visual from the train windows, the model; 
SunPower Maxeon 3 Black, is suggested 
because they have the most appealing visual 
impact. 

The visual impact will not be as important as 
in the urban area, because there are not as 
many people that will see the solar panels in 
the suburban area. In the suggestion SA1, 
the solar panels are combined with the noise 
screens. The panels will be placed in a row of 
a height of 2,4-2,7 meters and will be visible 
for the train passengers. Therefore the model; 
SunPower Maxeon 3 Black, is suggested 
because these panels have the most appealing 
visual impact. The bigger areas of solar panel 
parks, which are placed further out from the 
urban area and where the visual impact is not 
as important, will on the other hand be of the 
model; SunPower Maxeon 5, which is not as 
visually appealing.

The visual impact will not be as important in the 
rural area because the dominated landscape 
is arable land. Therefore the model; SunPower 
Maxeon 5 is suggested. The looking of solar 
panels can, on the other hand, have a positive 
effect on the passengers commuting by the 
trains, and hopefully give a feeling of a modern 
and sustainable environment. 

In the zero alternative, no solar panels will be 
suggested. Instead, the vision from the train 
windows will be unused space along the train 
tracks. 

Syngergy effect

Compared to the other areas, the urban area 
will have the fewest amount of solar panels, 
therefore the syngergy effect will not be as 
high.

Compared to the other areas, the suburban 
area is the moderate alternative in order of 
solar energy production, and therefore, the 
syngery effect.

Compared to the other areas, the rural area 
is the far most syngery efficient area, in order 
of solar energy production. The amout of solar 
panels and solar energy is very big and also 
comes with a lot of other favorable effects. 

No syngergy effects will happen is there are no 
solar panels placed. 

With the gained solar 
energy, you can drive 

1400 spins around 
the world with an 

electric car

 This project would:

Have a toal effect of over 8,400 MWh of electricity 
production/year

Correspond to approximately 560 average residential 
households with an annual consumption    for heating 

and hot water.

Reduce the carbon dioxide emissions from electricity 
production by 3,890 tonnes/year

 
The proposal estimates a total of approximately 

16440 solar panels
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