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Abstract   
 

Outside Strömsund, a community in the county of Jämtland in Sweden, there are plans to start 

a  fish farm. This fish farm would require transports of 3000 tones fish food from the factory 

in Brande, Denmark to Strömsund each year.  

The purpose of this thesis is to study different modes of transportation of the fish food 

from Brande in Denmark to the sites of the farms in order to establish the best option of 

transportation from an environmental and economic perspective. 

This thesis contains an environmental impact analysis, which considers global warming 

potential, acidification potential, eutrophication potential and photochemical potential. The 

transportation modes truck and train are analyzed using several different scenarios. The 

results show that all scenarios using train as transportation mode is preferable from an 

environmental point of view, regardless of which category of environmental impacts that are 

considered. The sensitivity analysis carried out gave the same results as the environmental 

impact analysis; despite variations in sensitive parameters, train is the environmentally 

preferable mode of transportation.  

The cost analysis presented in the thesis shows that two of the three train scenarios give 

a decrease in cost compared to truck while one scenario gives an increase in cost. However, 

the variations in cost are so small that no real conclusion can be drawn to establish the 

economical preferable mode of transportation.  

The conclusion drawn from this thesis is that train is the best mode of transportation 

from an environmental viewpoint and there is no additional monetary cost connected to this 

choice of transportation mode. With this in mind it is suggested that when choosing the mode 

of transportation the possibility of using train for transports should always be investigated. 
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1. Introduction 
 

The municipality of Strömsund is located in the northern parts of Jämtland and have a total of 

13 244 inhabitants. With an area of approximately 10545km
2 

its one of Sweden’s biggest 

municipalities(Kartbolaget, 2008). Through the municipality of Strömsund flows the water 

system Ströms Vattudal, which cover the area of Kvarnbergsvattnet in the north, close to 

Gäddede with the Norwegian border, to Russfjärden in the south were it joins the river 

Faxälven (Wikipedia, 2008).  

The recently started company Vattudalens Fisk AB are planning to build a fish farm in 

Ströms Vattudal, with a production of 3000 tones fish annually, which make it the largest fish 

farm in Sweden. This fish farm requires transports of 3000 tones fish food from the factory in 

Brande, Denmark to Strömsund each year. (Carlsson, 2008a). 

 

1.1 Purpose 

The purpose of this thesis is to study different modes of transportation of the fish food 

from Brande in Denmark to the sites of the farms in order to establish the best option of 

transportation from an environmental and economic perspective and give suggestion about 

how to collaborate with other local companies’ need of transportation.  

 

1.2 Objectives 

The objectives of the thesis are: 

 To investigate the environmental impact from two different modes of transportation, 

truck and train, regarding the categories global warming, acidification, eutrophication 

and photochemical oxidation potential.   

 To establish the preferable choice in modes of transportation from an environmental 

and economic perspective. 

  To study the possibilities of using the preferable choice of mode and to combine the 

different ones in order to reach the optimal way of transportation  
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2. Background 

2.1 Environmental impacts connected to fish farms 
 

There are several environmental impacts connected to fish farms. The most obvious pollution 

surrounding the fish farm is the discharge of particulate organic matter. The particulate matter 

comes from the food and the faeces from the fishes, which can accumulate beneath the cages. 

Food causes more local effects than faeces due to a higher speed of sinking. The organic 

matter is decomposed by bacteria and organisms living on the bottom of the water body. The 

rate of decomposition depends on the temperature, oxygen level and the amount of organic 

matter. The decomposition of organic matter can cause oxygen deficiency which lead to a 

replacement of the aerobic bacteria’s to anaerobic bacteria’s which produces the toxic gas 

hydrogen sulphide. This will also cause methane gas to form which will travel to the surface 

and at the same time act as transportation for hydrogen sulphide which might cause high 

concentration levels of hydrogen sulphide in the top layers of the water body. The oxygen 

deficiency can also knock out the organisms living on the bottom (Alanärä et al, 2000). From 

the sedimentation of the particulate organic matter there will be a discharge of nutrients, that’s 

together with discharge directly from the fish farm causes an increase in the production of for 

example algae and plankton. This can result in algal blooms which when they die and settle to 

the bottom decompose and depletes the oxygen. Before the die, however, there is the 

possibility that algal toxins are produced (Emerson, 1999). The discharge from the fish farm 

attracts the wild stock of fish and the additional access of food through the discharge from the 

farm and also from the increased production of algae and plankton causes an increase in the 

wild stock population. A risk with wild fish gathering around the fish farm and consuming the 

discharges is that they are exposed to medicine fodder which causes them to contain 

antibiotics for a period of time (see Figure 1) (Naturvårdsverket, 1993)  

Another problem related to fish farms is the competition between the natural wild stock 

and the fish introduced to the area by fish farms. This competition together with the problems 

of cross-breeding that causes foreign genetic material to be introduced to the natural stock is 

considered to be a threat to the natural fish fauna and the biological diversity. Fish farms also 

attract fish eating birds and other predators (see Figure 1) (Naturvårdsverket, 1993).  

Fish farms leads to a risk of deceases spreading from the farmed fish into the wild stock. 

There are numerous ways in what a fish farm can get exposed to deceases. The farm can be 

exposed through the introduction of new fish or spawn that are carrying deceases or the 

fodder can be a carrier for deceases or parasites (see Figure 1) (Naturvårdsverket, 1993). 

Fish farms might lead to conflicts with other users through a change in landscape. How 

a fish farm effects the landscape is not only determined by the size of the fish farm and where 

it is localized, but also people’s attitudes. Except for the visual change there might be effects 

like smell and different sounds from the fish farm (see Figure 1) (Alanärä et al, 2000).  
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Figure 1shows the environmental effects connected to fish farms(Source: Alanärä et al, 2000) 

 

In order to reduce the negative environmental effects from fish farms the choice for 

localization is of great importance, some areas might actually gain from a fish farm. The 

effects due to an increase in nutrients that fish farms causes is highly determined by the water 

exchange in the area. Further on the bottom substrate of the water body influences areas 

suitability for a fish farm together with aspects such as depth and the size of the water area. A 

fish farm is also dependent on infrastructure such as roads to transport fish food and fish, 

electricity and land areas where fish food can be stored and staff facilities. (Alanärä et al, 

2000). Once a suitable location is chosen for a fish farm, there are also aspects to take into 

consideration in order to minimize the environmental effects, one of them being the choice of 

transportation mode to the fish farm.  

As mentioned the planned fish farm in Ströms Vattudal will be the largest in the country 

with an annual production of 3000 tonnes.This will require food for the fish, approximately 

3000 tons, to be transported from Denmark that is located west of Sweden to the county of 

Jämtland which is located in the middle of Sweden(Carlsson, 2008a). 

These transportations will give raise to several different environmental impacts, which 

can differ between different transportation modes (Carlsson, 2008a).  

2.2 Environmental impact from transport emissions 

2.2.1 Greenhouse effect 
 

An environmental problem that has been much highlighted in recent years is the climate 

change that most likely is triggered by the increased greenhouse effect caused by 

anthropogenic activities. 

The greenhouse effect is the heating effect that the Earth’s atmosphere has on the 

surface, due to its ability to let through, absorb or reflect the incoming radiation of various 
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wavelengths. The atmosphere is quite permeable for the radiation from the sun, but it absorbs 

the infrared radiation reflected back from the surface of the Earth out to space. Without the 

greenhouse effect, that is a natural phenomenon, life on Earth would not exist in the way we 

know today. This effect exists because of the gases water vapor, carbon dioxide, methane and 

nitrous oxide (Nationalencyklopedin, 2008a). However, this greenhouse effect is with high 

probability increasing due to an increase of the greenhouse gas concentration in the 

atmosphere resulted from anthropogenic activities.  

The increase of greenhouse gases, changes the balance between the absorbed and 

emitted radiation as a primary effect, simply due to the properties of the substances. As a 

secondary effect, this is believed to have a changing effect of our climate that might lead to a 

warming of the planet which might have a big impact on the life of the Earth today 

(Baumann, 2004).  

The last 150 years the average temperature has increased with 0.7 °C and its currently 

raising with 0.2 °C every decennium (Klimatberedningen, 2008). This change in temperature 

would not be evenly distributed all over the planet and the change in temperature will have 

tertiary effects, such as ice- melting, snow cover change and change in sea level and weather 

events. This would in turn lead to a change in biodiversity and the areas with snow cover 

withdrawal might experience further heating due to snows property of reflecting the incoming 

radiation which means that a loss of snow cover would lead to an increased absorption of the 

radiation (Baumann, 2004). 

The increased concentration of greenhouse gases in the atmosphere is caused by the 

burning of fossil fuels, such as oil, coal and natural gas, but also a change in land use such as 

clear cutting (Miljöportalen, 2008). The global atmospheric concentration of greenhouse 

gases has been increasing markedly as a result of human activities (IPCC, 2007). In Sweden 

carbon dioxide stands for 80 per cent of the greenhouse gas emissions (Naturvårdsverket and 

SCB, 2002). 

Transports give raise to a various environmental impacts; one of them is emissions to 

the air. Among these emissions are gases such as carbon dioxide, nitrogen oxide and 

hydrocarbons that contribute to the increasing concentration of greenhouse gases in the 

atmosphere. These gases are created through the combustion of fuel, most of them fossil 

fuels, which are used to power the engine of different transportation modes (Miljöportalen, 

2008). In 2000 the Swedish transportation sector contributed to 36 of the emissions of the 

most significant greenhouse gas; carbon dioxide (Naturvårdsverket and SCB, 2002). 

2.2.2 Acidification 

 

Acidification is a process where the natures natural ability to withstand acid precipitation 

decreases as well as the pH-level in lakes and soil. It is caused by sulfur oxide, nitrogen oxide 

and ammonium that it’s transformed into sulfur acid and nitric acid that later break down into 

hydrogen ions and sulfates. This causes acidification when the soils ability to buffer can’t 

neutralize the acid precipitation anymore.  

Acidification can be both natural and anthropogenic and it leads to a number of negative 

consequences in the nature. Sulfur and oxidizing nitrogen compounds can be transported in 

the air for a long distance. The biggest sources of these compounds are energy facilities, 

transports, industries and agriculture. Nitrogen oxides are created in all kinds of combustion, 

but it’s the combustion of coal and oil and emissions from different vehicles that contributes 

the most. The ammonium is mostly emitted from agriculture and different forms of animal 

care.  
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The effects off acidification depends on the area were its deposited since some areas 

contain calcium carbonate, that during the decomposing process releases base ions that can 

neutralize the precipitation entering the soil. This gives some areas a stronger resistance to the 

acid precipitation than others, so the actual environmental impact of the acid precipitation 

depends on the area of deposition. 

When the pH-level in soil and water decreases, different animal and plant species 

disappear. The acidification also leads to corrosion on for example art and buildings and 

damage to forests, wetland, water etc. The acid perception also releases toxic metals such as 

cadmium and magnesium from the forestlands (Miljökemi, 1997).  

Transportations are generally made by truck, airplane, and ship or by railroad. These 

modes of transportation are all driven by the combustion of fuel, except for transports on 

railroad that also can be driven by electricity. As mentioned before all different kinds of 

combustion of fuel leads to emissions off for example sulphur dioxide and nitro oxides that 

leads to acidification.  

2.2.3 Eutrophication 

 

Eutrophication of water and soil is a serious environmental problem caused by anthropogenic 

sources of nutrients released into the environment which causes a chemical change. This has 

led to a significant change in several ecosystems by giving some species advantage on the 

expense of others. Eutrophication is a process where a system changes toward a more 

nutritious state, and it can be natural as well as anthropogenic. 

Anthropogenic eutrophication can be caused by discharge of for example nitrogen and 

phosphorus to water, soil and air. However, it’s important to remember that the nutrition that 

causes eutrophication is also crucial for the vegetation’s survival.  

The most common effect of eutrophication in lakes and rivers is an increased primary 

production of planktons and higher vegetation types. The consequences are increased 

sedimentation of dead organic material, which leads to lack of oxygen, due to the 

decomposing of the additional dead organic material. This causes unwanted chemical and 

biological effects. Eutrophication also causes change in ecosystems like forests and meadows 

(Warfinge, 1997). Transports emit nitrogen oxide due to the combustion of fossil fuels which, 

as mentioned before, contributes to eutrophication (Miljöportalen, 2008).  

2.2.4 Photochemical oxidation potential 

 

Photochemical oxidation is the process in which chemicals enter into oxidation reactions in 

the presence of light or other radiant energy (EIONET, 2008). Photo oxidants are secondary 

pollutants that are formed in the lower atmosphere from nitrogen oxide, NOx, and 

hydrocarbons in the presence of sunlight. These substances are characteristics of 

photochemical smog which is a known cause of health problems such as irritation to 

respiratory systems and damage to vegetation.  

One of the most important photo oxidants is ozone and others are peroxyacetyl nitrate, 

hydrogen peroxide and various aldehydes (Baumann, 2004). The effects on the vegetation that 

the photochemical oxidants like ozone give raise to also cause economic consequences due to 

reduced crops. There is also damages in the forest system, due to stress caused by ozone 

exposure, that causes the forest to grow slower. This gives species more resistant to the stress 

an advantage that can lead to a change in the composition of species.  
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The health problems related to photochemical oxidation is irritation on eyes, mucous 

membranes and problems with breathing. This health effects are connected to aldehydes and 

peroxuacetyl. The photochemical oxidants also damage different types of materials as for 

example cotton and cellulose (Warfinge, 1997).  

2.3 Transports contribution to the environmental impact categories 

 

The emissions from transportations in Sweden contribute to several different environmental 

impacts.  The impact from the transportation sector is larger than for any other sector in three 

of the four impact categories identified in this thesis. The exception is eutrophication where 

other sectors than energy sectors give raise to the largest impact. For the other categories, 

global warming, photochemical oxidation and acidification, the largest contribution to impact 

is for photochemical oxidation (see Figure 2) (Statensenergimyndighet, 2007).   

 

 
Figure 2Different sectors contribution to the different environmental impact categories, which shows that 

transports is the main contributor to three of four impact categories (Source: Statensenergimyndighet, 2007). 

 

2.4 The transport sector 

 

The problem with transportations of cargo from one destination to another is worldwide 

and includes huge amounts of cargo transported all over the world every day. The transports 

are made using ships, trains, air planes or trucks and sometimes a combination of 

transportation modes. For each company and each product the demands on the transportation 

is different and each demand, such as time of transportation, cost and needs of for example 

cooling, have to be fulfilled. The need for the transports to function is crucial, since for 

example delays or cargo destroyed in transportation would lead to an increased cost for the 

companies involved. Today, especially in a more and more globalizing world, the need of 

transports is huge and everyone depends upon them and the problems is not restricted to get 

the cargo to its destination in time and without damage. A rising problem to take into 

consideration is the environmental impact caused by the transportation modes used. The 

environmental impacts from transportations are noise, resource use, accidents, emissions to 



Jessica Raftsjö-Lindberg 

Mid Sweden University, Ecotechnology, Östersund 

Department of Technology, Physics and Mathematics  

 

7 

the air and waste. Another impact can be the land-use change connected to the infrastructure 

needed for transports, such as terminal buildings, roads and railways. Transports are a big 

contributor to air pollution, which is considered to be one of the most serious environmental 

problems(Mejtoft, 2002). 

2.4.1 Cargo transport 

 

Imported raw material for energy and export products connected to the mining industry and 

forestry stands for the largest volume of Swedish cargo transports. Low refined products is 

transported on railroad or with sea transport, while new transportation flows in a small but 

fast growing rate is going with truck and also a small part with air plane. This has lowered the 

importance of railroad- and sea transports. Between 1990 and 2002 the total transportation of 

cargo has increased with 14 per cent and the part of cargo on road have increased by 25 per 

cent. This is believed to be due to the longer distances of transport driven by the geographical 

spreading and a globalizing consumption market. The goods we buy today is transported an 

increasingly longer distance before reaching its final destination. One possible explanation for 

this might be that the cost of the transport of cargo takes a smaller and smaller part of the 

value of the actual cargo transported (Regeringskansliet, 2008).  

2.4.2 Current transports within the region 

 

In the county of Jämtland there are 12 million tones cargo generated each year. Of that, 

approximately 10.5 million tons is produced in the county, while almost 1.5 million tons are 

imported. Approximately half of the cargo produced stays within the county, while about 4.5 

million tons is exported outside the county.  Within the county the cargo transports are usually 

carried out by truck to transport forest products, sand and wood products. Of the 

transportation of 4.5 million tons cargo from the county, 1.8 million tons are transported on 

railroad and 2.7 million tons by truck. This means that 65 per cent of the cargo is transported 

with truck and the rest with train. Of the cargo transported to the county, 91 per cent of the 

cargo is transported with truck, and only 8 per cent is transported by train (Länsstyrelsen, 

2000).  

2.4.3 Transportation and the national environmental goal for limited 
climate change 

 

The Swedish climate strategy has developed gradually since the end of 1980 in political areas 

such as environment-, energy-, taxes-, and transportation. There is now a common goal 

between the 15 member states of the European Union at the time for the negotiation of the 

Kyoto protocol to limit the emissions of greenhouse gases by 92 per cent of 1990: s emissions 

(Klimatberedningen, 2008).  

The total greenhouse gas emissions in Sweden in 2003 reached almost 70, 6 million 

tons, expressed as carbon dioxide equivalents. The total emissions of greenhouse gases have 

decreased with 2, 3 percent between 1990 and 2003 for all the sectors in total, however, 

during the same time the greenhouse gas emissions from the transport sector have increased 

with 10 per cent. The transport sector stands for almost 30 per cent of the increase of 

greenhouse gas emissions emitted by the energy sector. The increase in greenhouse gas 

emissions for the transportation sector do not represent every transportation mode, for the 

railroad traffic the greenhouse gas emissions have decreased with 37 per cent and the total 



Jessica Raftsjö-Lindberg 

Mid Sweden University, Ecotechnology, Östersund 

Department of Technology, Physics and Mathematics  

 

8 

emissions only stands for 0,3 per cent of the emissions from the transportation sector. Within 

the transport sector, road traffic gives raise to the largest emissions, with 92 per cent of the 

total emissions from the transport sector. The reason for the increase in the transport sector is 

believed to be caused by the increasing heavy duty transport vehicles, such as trucks 

(Regeringskansliet, 2008). There is no possibility to clean away the carbon dioxide emitted, 

so the only way of reducing carbon dioxide emissions that contribute to climate change is to 

reduce or completely stop using fossil fuel (SIKA, 2008). The transportation sector also gives 

raise to other emissions, such as methane and nitrogen dioxide, which contribute to the 

increasing greenhouse gas concentration in the atmosphere. However, they only represent 4 

per cent of the total emissions from the transportation sector, while carbon dioxide is the 

dominating greenhouse gas emitted (Regeringskansliet, 2008).   

The Swedish strategy to reach the climate goals has included incitements such as higher 

energy taxes, carbon dioxide taxes and moms. The energy taxes on diesel were raised in the 

middle of the 1990: s at the same time as the use of kilometer tax stopped. There are also 

strategies such as the encouragement of using bio fuel and environmentally friendly cars 

(Regeringskansliet, 2008). The Swedish climate commission suggests transport systems with 

less carbon dioxide emissions and higher energy efficiency. The increased use of train as a 

transportation mode is suggested in order to decrease the carbon dioxide emissions and 

increase the energy efficiency and the commission points out the need for investments in 

order to expand the railway net. The capacity for transporting cargo on the railway net has to 

be increased with at least 50 per cent until 2020. There is a need for infrastructure investments 

directed towards an increase in railroad and sea transports. The climate commission concludes 

that an increase with 0.7 crowns per liter in taxes on petrol and diesel will be necessary, and 

the tax level should be increased gradually. The suggestion from the commission is also to 

implement a one kilometer tax for heavy duty vehicles, such as trucks, before 2011 

(Klimatberedningen, 2008). The Swedish parliamentary traffic committee have made 

following conclusions considering the possibilities to reach the so called two- degrees goal, 

which means to lower the emissions of greenhouse gases with 80-90 until 2050: 

 

“It will require a combination of measurements within three areas: A strong increase in 

technical efficiency within all sectors of the society, an significant increase of carbon dioxide 

neutral energy and that the fast increasing flight traveling, road transports and other 

resource intensive consumption decreases. It’s thereby urgent to develop energy efficient 

vehicles and alternatives that uses a small amount of resources, improved cargo logistics, 

access via IT and a city plan with low need for transportation” (SIKA,2008 p:16-17, freely 

translated) 
 

The problem connected to transportations and dependency of the transportation system has no 

simple solution. The transportation system is very complex and the demands differ between 

every type of transport. Through a case study of a specific transportation requirement, in this 

case regarding transport of fish food to a sparsely populated area, there can be important 

lessons learned.  
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2.5 Introduction to the transportation modes 

2.5.1 Truck 

 

Truck is the most common transportation mode used for long- and short distance transports of 

cargo. It is basically the only mode of transportation that can offer transports directly to the 

location of the costumer. This is important since the demands on fast and efficient transports 

is increasing, along with the increasing demands on truck transports due to its ability to satisfy 

the costumers needs (Ericsson et. al, 2007).  

One major environmental problem connected to transportations with trucks is their 

dependence and use of fossil fuels, which give raise to environmental impacts such as 

increased greenhouse gases in the atmosphere. The emissions from trucks also affect human 

health and the nature as a whole. Other impacts include the noise that the trucks give raise to 

and the land use connected to the construction of infrastructure. In recent time there have been 

several improvements connected to the environmental impacts from trucks, for example an 

introduction to low sulphur diesel, after-treatment techniques of fumes and the 

environmentally based classification of vehicles called Euro classes. There has also been an 

increase of certification according to ISO 14001, which leads to a commitment of continuous 

improvements (Bäckström, 2007).  

The advantages with truck are, as described earlier, the ability of transports directly to 

the customer. Another advantage is the trucks flexibility of transporting both larger and 

smaller quantities of cargo. Trucks routines of loading and unloading are also faster than for 

other transportation modes. Another advantage is the well establish infrastructure for trucks 

that gives it the possibility to transport cargo fast, day as night. There is a low investment cost 

connected to trucks compared to harbors, airports and railroad terminals. However, there are 

taxes such as carbon dioxide taxes that increase the cost for the Swedish transportation 

companies. There is also a faster increase in the amount of truck transports than the expansion 

of the infrastructure, which leads to congestion (Ericsson et. al, 2007). The infrastructure has 

limitations when it comes to weight carrying capacity, which together with the vehicles 

limited size, leads to loading limitations (Bäckström, 2007). There are several environmental 

disadvantages with transports by truck compared to other transportation modes (Ericsson et. 

al, 2007).  

2.5.2 Railroad 

 

The basic idea with the railroad is the small friction between the steel wheel and the 

steel railroad. This is due to the small deformation between the surfaces, which leads to a 

small contact surface between wheel and rail road and thereby a low resistance. A truck needs 

almost seven times larger power for movement on a road than a train needs on the railroad 

(Ericsson et. al, 2007). Railroad traffic is carried out all over the world, using both electrical 

and diesel locomotives (Nätverketför transport ochmiljön, 2008)  

A diesel train, which is driven by fossil fuels, gives raise to emissions that contribute to 

the increasing amount of greenhouse gas emissions as well as emissions giving raise to human 

health problems and other impact on the nature. Electrical trains also emit emissions, but not 

to the same extent as diesel trains. Similar to trucks, trains also give raise to impacts such as 

land use, noise and also vibrations. However, some of these impacts are being reduced by 

electrifying the major tracks and introduce low sulphur fuel to the diesel trains. The 

possibility of choosing the source of electricity is also being increased, which gives an 
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opportunity to hence the transition to renewable energy resource use by choosing electricity 

generated by renewable sources. There has also been an increase of certification in 

accordance with ISO 14001 that, as mentioned for trucks, leads to a commitment of 

continuous improvements. One major advantage using railroad transports is its ability to 

transport a huge amount of cargo at the time. Another advantage is the capacity to adjust the 

transport for the cargo transported. Train is energy efficient and the emissions for train driven 

by electricity are low at vehicle which gives an environmental advantage compared to other 

transportation modes (Nätverketför transport ochmiljön, 2008) A disadvantage with rail road 

transport are the lack of flexibility and inability to reach all costumers, which is why 

combined transportation modes is usually used, for example a combination with truck and 

train (Ericsson et. al, 2007). Furthermore, increasing congestion is a growing concern 

throughout the railway system (Nätverketför transport ochmiljön, 2008).  
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3. Method 
A simplified Life cycle approach for assessing the environmental impacts from the 

transportations has been used.  

3.1 Life cycle assessment 

 

In the first part of the Life cycle assessment, the Goal and Scope, the functional unit and 

the overall approach to determine the system boundaries are established (see Figure 3)(ISO 

14040:1997). 

The second part, the Inventory analysis, involves modeling of the product system, data 

collection, as well as description and verification of data. This implies data for inputs and 

outputs for all affected unit processes in the chosen product system (for calculation methods 

see Appendix) (ISO 14040:1997). In this system the input is the energy used in form of fuel 

for the transportation and the output is the emissions. The data for input and output is received 

by calculations using values given from the NTM-Network for transportation and 

environment homepage. NTM is an organization founded in 1993 and their goal is to establish 

methods and credible data for the calculation of transportations impact on the environment 

(Nätverketför transporter ochmiljön, 2005). 

The third part, the Environmental impact analysis, is divided in three steps: 

classification, characterizing and weighting. The first step, classification, simply means 

sorting the inventory parameters according to the type of environmental impact they 

contribute to. The second step, characterization, is the part where the relative contributions of 

the emissions and resource consumptions to each type of environmental impact are calculated. 

The calculations are made using characterization factors on the emissions potential to 

contribute to the different impact categories identified. The resource consumption is measured 

and presented as the energy needed for the transportation of the functional unit. The last step 

is weighting, where the impacts are simply weighted against each other (ISO 

14040:1997).Weighting should only be used if it’s necessary for interpretation of the results, 

since it can cause the results to be misleading (Rydh et. al. 2002). 

The last part, the Interpretation is the process of assessing the results from the analysis 

in order in order to draw conclusions (ISO 14040:1997). 
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Figure 3The work structure in establishing the environmental impact from the different 

transportation modes is built up by three different overlapping steps that gives the results that 

are used for interpretation.  

3.2 Goal and scope 

 

For this analysis the functional unit is establish as the transportation of 1 ton of fish food from 

the factory in Brande in Denmark to the two fish farms outside of Strömsund in Sweden. The 

system boundary will be the transports and the processes involved in this system will include 

the exhaust emissions from the vehicles involved and for transports using electricity the 

emissions from the production of the electricity is included’ In this analysis four different 

scenarios of transport will be analyzed. These scenarios involve truck and train as 

transportation modes. These scenarios are chosen since they represent the plausible 

alternatives for transportation between Brande and the fish farms.  

 

Scenario truck 

 

In scenario truck, the only transportation mode used is truck, from the starting point in Brande 

to its final destination at the fish farms outside of Strömsund(see Figure 4) 

 

 
Figure 4In scenario truck the only transportation mode used is truck 

 

Scenario train Strömsund 

 

In this scenario both train and truck will be used as transportation mode. The transportation of 

the fish food is carried out by truck from the fish food factory in Brande to Herning were the 

possibility to load cargo on train is possible. The transportation with truck between Brandeand 
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Herningwill be the same for all the different train scenarios (see Figure5-7). Between Herning 

and Östersund the train is driven by electricity, but from Östersund to Strömsund the train will 

run on diesel (see Figure 5). For the transportation of fish food from Strömsund to the final 

destinations at the fish farms, truck will be used from Strömsund in all the train scenarios (see 

Figure 5-7).  

 

 
 

Figure 5Scenario train Strömsund, which is using a train as the primary transportation mode, with a change to 

truck in Strömsund. 

 

Scenario train Östersund 

 

In scenario train Östersund the transportation from Herning to Östersund will be by electricity 

driven train. The transportation from Östersund to Strömsund will be by truck (see Figure 6). 

 

 
Figure 6Scenario train Östersund, which is using train as the primary transportation mode, with a change to 

truck in Östersund. 
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Scenario train Sundsvall 

 

In scenario train Sundsvall the transportation is carried out by electricity driven trains from 

Herning to Sundsvall. From Sundsvall the fish food are transported to Strömsund by truck 

(see Figure 7) 

 
 
Figure 7Scenario train Sundsvall, which is using train as the primary transportation mode with a change to truck 

in Sundsvall 

 

The information needed for the thesis was received by studying relevant literature, such as 

reports, books and information from the Internet. Further information was gathered through 

contacts with experts within the area of transportation.  

The calculations of the emissions were made by using established emission amount 

from each transportation mode, mainly from the NTM-Network for transport and 

environment(see Appendix). The work procedure followed the principal rules for LCA, life 

cycle assessment, even though the analysis itself is not to be considered as a LCA analysis 

since that would require calculations of all activities involved in the transportations, from 

cradle to grave.  

3.3 Cost analysis method 

 

The cost analysis was made by calculating the total cost for the activities involved in 

each transportation chain. The cost per functional unit was then estimated. (see Appendix). 

The calculations are bases on estimations regarding costs received from experts in the area. 

3.4 Limitations 

 

The analysis is limited to the impact of the transport. The impact from other contributing 

sources such as road construction, fuel- and vehicle production are not included. However, 

they are assumed to be neglect able when allocated for the functional unit. The thesis includes 

the environmental impacts caused by emissions of carbon dioxide, sulphur dioxide, nitrogen 

oxides, and hydrocarbons.  

Brande, 

Denmark 

 

Truck 
Herning, 

Denmark 

 

El.train

train 

 

Sundsvall, 

Sweden 

 

Truck 

 

Gärdnäs, 

Sweden 

 

Strömsund

, Sweden 

 

T
ru

ck
 

Äspnäs, 

Sweden 

T
ru

ck
 



Jessica Raftsjö-Lindberg 

Mid Sweden University, Ecotechnology, Östersund 

Department of Technology, Physics and Mathematics  

 

15 

The emissions due to reloading are not calculated, since their impact is assumed to be 

neglect able for long distance transports (Ericsson et.al, 1995).  

3.5 Data reliability and validity 

 

The reliability of data is the dependability and stability of the results presented, while 

the validity is wheatear it’s relevant or not. A high reliability does not guarantee a high 

validity but in order to reach a high validity the reliability need to be high (Gunnarsson, 

2008).The data for the calculations of emissions is, as mentioned, gained from the Network 

for Transports and Environment, NTM. The network has collected and processed this data 

and it’s believed to be most representative data that can be used without having the possibility 

of measuring the specific transportation situation, which gives us data with a high reliability. 

Fuel consumption is the biggest source of uncertainty and in accordance with NTM: s 

suggestions a sensitivity analysis have been made with a span of -10 per cent to +30 per cent 

for fuel driven transports and -30 percent to +30 percent for electrical driven transports 

(Nätverketför transporter ochmiljön, 2005). 

The train scenarios was calculated using the Swedish electricity mix for 2004 and the 

emissions it gives raise to in order to evaluate the importance of the hydro power used by 

Banverket and the emissions in comparison to the actual electricity production in the country 

(Nätverketför transporter ochmiljön, 2005 and Lönn, 2007)  
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4. Inventory analysis 
 

The inventory analysis gives the input value in form of energy and the output value in 

form of amount of emissions that are used to establish the environmental impact ( see 

Appendix). 

 
Figure 8The energy use per functional unit shows that train scenarios use a 

smaller amount of energy, MJ, than the truck scenario.  

 

The amount of emitted emissions relevant to this thesis represents the output of the inventory 

analysis. The results shows that the emissions per functional unit from the truck are 

scientifically higher than for the different train scenarios (see Table 1).  

 
Table 1Theamount of emissions emitted per functional unit from each transportation scenario.  

  

Truck 

Euro 1 

Truck 

Euro 3 

Train to 

Strömsund 

Train to 

Östersund 

Train to 

Sundsvall 

g CO2 61 673,9 61 673,9 6 783,5 11 131,6 16 422,8 

g SO2 0,08 0,08 0,016 0,02 0,03 

g NOx 640,53 379,5 71,0 68,5 170,5 

g HC 42,7 30,8 4,2 5,6 11,4 

g CO 80,7 54,6 2,1 9,9 21,6 
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5. Environmental impact analysis 
 

The environmental impact analysis gives us five different impact categories connected 

to transports (see Table 2).  

 
Table 2The different environmental impact categories, with impact categories relevant for this thesis written in 

bold (Source: Bauman et.al, 2004).  

Safeguard objects                                              Impact categories 

Resources Energy and material 

Resources Water 

Resources Land 

Human health Toxicological impacts (ex. work 

environment) 

Human health Non-toxicological impacts (ex. work 

environment) 

Human health Impacts in work environment 

Ecological consequences Global warming 

Ecological consequences Depletion of stratospheric ozone 

Ecological consequences Acidification 

Ecological consequences Eutrophication 

Ecological consequences Photo-oxidant formation 

Ecological consequences Ecotoxicological formation 

Ecological consequences Habitat alterations and impacts on 

biodiversity 

Inflows Not traced back 

Outflows Not followed back 

 
Table 3The characterization factors that have been used to categorize different emissions (Source: Rydh et al. 

2002) 

Emissions Global 

warming 

Acidification Eutrophication Photo-chemical 

oxidation 

potential  

 GWP-100 

g CO2ekv./g 

AP 

g SO2ekv./g 

EP 

g PO4ekv./g 

POCP 

g C2H2 ekv./g 

CO2 1    

NOx 7* 0,696 0,13  

SO2  1   

HC 11   0,416 

CO 3*   0,032 
* Indirect contributor (Source: Rydh et al. 2002) 

5.1 Results from the environmental impact analysis 

 

The environmental impact analysis shows that despite scenario, truck gives a significant 

higher contribution of carbon dioxide equivalents than train per functional unit, which leads to 

a higher global warming potential. Between the train scenarios, the scenario train Strömsund 

is preferable from an environmental point of view. The differences in emissions between the 
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train scenarios is due to the length of transportation with truck, with a larger global warming 

potential with a longer distance of transportation carried out by truck (see Figure9)  

 

 
Figure 9The global warming potential per functional unit presented in carbon 

dioxide equivalents from each transportation scenario.  

 

A truck with an engine of Euro class 1 has the highest acidification potential, followed by 

truck using an engine of Euro class 3, which only give raise to roughly half the potential of 

Euro class 1. Each train scenario gives rise to a significant smaller environmental impact 

related to its acidification potential in comparison with truck. The train scenario Strömsund 

and Östersund contribute approximately the same amount to acidification. A comparison 

between the different train scenarios shows that scenario Sundsvall give raise to the highest 

acidification potential (see Figure 10). 

 

 
Figure 10The acidification potential per functional unit from the different transportation scenarios 

 

A truck with a Euro class 1 engine give raise to the highest eutrophication potential, followed 

by truck with engine of Euro class3. However, the eutrophication potential is considerably 

smaller for a Euro class 3 engine than for a Euro class 1 engine. All the scenarios using train 

have a significant smaller eutrophication potential compared to the alternatives when truck is 
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used. The environmental impacts from the train scenarios Strömsund and Östersund are 

approximately the same and give raise to the smallest environmental impact (see Figure 11).  

 

 
Figure 11The eutrophication potential per functional unit for the different 

transportation scenarios.  

 

Truck using a Euro class 1 engine gives raise to the highest photochemical oxidation 

potential, followed by truck using Euro class 3 engines. Despite scenario, train is a far better 

alternative from a photochemical oxidation potential point of view compared to truck (see 

Figure 12).  

 
Figure 12The photochemical oxidant creation potential per functional unit from 

the different transportation scenarios 
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5.2 Results from the cost analysis 

 

The cost analysis compares the total cost of the transportation and the cost of transportation 

for one functional unit for each different transportation scenario. The cost analysis shows a 

small difference in cost between the scenarios. The scenario train Strömsund has the lowest 

cost and scenario train Östersund has the highest cost (see Table 4).  

 
Table 4The cost for the different transportation modes in total per transport, per functional unit and difference in 

per cent   

Alternative Total cost/trip in 

SEK 

Cost/functional unit 

in SEK 

Cost 

difference/transport 

Truck 21 835 840 Starting point 

Train, Scenario 

Strömsund 

21 785 838 - 0,22% 

Train, Scenario 

Östersund 

22 280 857 + 2% 

Train, Scenario 

Sundsvall 

21 825 839 - 0,046% 

5.3 Results from the sensitivity analysis 

 

A sensitivity analysis is a model or calculation that is made in order to determine how 

sensitive the results are for variations in variables in an investigation (Nationalencyklopedin, 

2008b). The results from the environmental impact analysis are here analyzed with variations 

in fuel- and electricity consumption and presented as low, estimated or high values. Also, the 

use of electricity produced by the Swedish electricity mix of 2004 is estimated to compare 

with impacts of hydro generated power. 

5.3.1 Sensitivity to changes in fuel- and electricity consumption 

 

The sensitivity analysis shows low, estimated and high values for the different transportation 

modes global warming potential, GWP due to variations in fuel- and electricity consumption. 

The analysis shows that the different train scenarios is more environmental preferable than 

truck despite which of the values are used (see Figure 12). 
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Figure 13The sensitivity analysis of GWP, global warming potential,  due to 

changes in fuel- and electricity consumption shows that the train scenarios gives 

a significant smaller contribution per functional unit to global warming despite 

insecurities. The highest and lowest values are based on the maximum and 

minimum variation in fuel consumption.  

 

The sensitivity analysis shows low, actual and high values for the different transportation 

modes acidification potential, AP, due to variations in fuel- and electricity consumption. The 

result of the analysis shows that despite variations in consumption, the transportation chain 

using train as transportation mode is the environmental preferable choice considering the 

acidification potential (see Figure 14).  

 
Figure 13The sensitivity analysis of AP, acidification potential, per functional 

unit due to changes in fuel- and electricity consumption.  

 

The sensitivity analysis for the eutrophication potential, EP gives the same result as in the 

previous sensitivity analysis, the train scenarios gives the lowest environmental impact, 

despite a higher consumption (see Figure 14). 
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Figure 14The sensitivity analysis of EP, eutrophication potential, per functional 

unit due to changes in fuel- and electricity consumption 

 

The sensitivity analysis of photochemical oxidation creation potential, POCP is in accordance 

with previous results from the sensitivity analysis. Despite variations in consumption the 

different train scenarios gives the lowest contribution to the photochemical oxidation creation 

potential (see Figure 15).  

 

 
Figure 15The sensitivity analysis of POCP, photochemical oxidation creation 

potential, per functional unit due to changes in fuel- and electricity 

consumption.  

 

5.3.2 Sensitivity to changes in the source of electricity production 

 

This sensitivity analysis of the global warming potential shows the results from the 

environmental impact analysis of the different transportation modes, but it also includes an 

alternative with train using Swedish electricity mix for 2004. The result is a slightly higher 

contribution to the global warming potential than for the electricity used by Banverket that is 

generated by hydropower, but is still significantly smaller than the contribution from truck 

(see Figure 16).  
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Figure 16The GWP, global warming potential per functional unit which 

includes the impact from train using Swedish electricity mix for 2004, which 

shows the impacts sensitivity for energy origin 

 

The analysis using Swedish electricity mix for 2004 gives similar results for the acidification 

potential as for the global warming potential. The differences between hydropower and the 

Swedish electricity mix contribution to the acidification potential are very small, and the 

alternatives using train is still preferable compared to truck (see Figure 17).  

 
Figure 17The AP, acidification potential, per functional unit which includes the 

impact from train using Swedish electricity mix for 2004 which shows the 

impacts sensitivity for energy origin 

 

The results from the analysis of the eutrophication potential is in accordance with the previous 

results of the sensitivity analysis of differences in environmental impact between the use of 

electricity generated by hydropower and Swedish electricity mix for 2004. The results shows 

that despite using Swedish electricity mix instead of hydropower as an energy source, the 

train alternative is preferable due to a lower eutrophication potential (see figure 18).  
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Figure 18The EP, eutrophication potential, per functional unit which includes 

the impact from train using Swedish electricity mix for 2004 which shows the 

impacts sensitivity for energy origin 

 

The photochemical oxidation potential levels not give raise to any noticeable change due to 

change in energy source from hydropower to Swedish electricity mix of 2004. The result of 

the analysis is in accordance with previous and states the different train scenarios as the 

environmental preferable choices compared to truck (see Figure 19). 

 

 
Figure 19The POCP, photochemical oxidation creation potential, per functional 

unit which includes the impact from train using Swedish electricity mix for 2004 

which shows the impacts sensitivity for energy origin 
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6. Discussion 

6.1 Results from the environmental impact analysis 

 

The result from the environmental analysis in this thesis indicates that train is the best mode 

of transportation from an environmental point of view, regardless of which of the different 

train scenarios is chosen and regardless of the impact categories investigated. However, the 

environmental impacts from eutrophication and acidification do not show any distinctive 

difference between the train scenario Strömsund and Östersund, despite that the Östersund 

scenario transports its cargo on truck for a longer distance than scenario Strömsund. This is 

due to the use of diesel train instead of electrical train for the transportation from Östersund to 

Strömsund. It indicates that the eutrophication and acidification potential is approximately the 

same using diesel train compared to truck, which is caused by higher emissions of nitrogen 

oxide. This can be explained by the difference in the amount of emissions per used amount of 

fuel.  

Another reason, that changes the overall impact from train, is that the utilization 

capacity for train is calculated to only 60 per cent which were given for an average train by 

NTM but truck is calculated with a utility capacity of 100 per cent. Since the wagon with the 

cargo of interest probably would reach a utility capacity of 100 per cent the results of the level 

of emissions might show slightly higher level than it would really be since all the cargo is 

charge with the emissions as if it were a 60 per cent utilization level. However, this wouldn’t 

change the overall conclusion that the train is the more environmental preferable choice; it 

would rather enhance it (see Figure 9-12).  

The amount of environmental impact depends on situation specific situations such as 

driver, road, terrain, amount of traffic stops and a various kinds of different parameters that 

increase the fuel- and electricity consumption and thereby the environmental impact from the 

transportation mode. The data used in this thesis is data that is believed to be closest to truth, 

without making an actual situation measurement, but they can differ for specific transports. 

However, the sensitivity analysis shows that despite uncertainties of the actual fuel 

consumption, any of the different train scenarios would be a preferred choice of transportation 

mode (see Figure 13-16).  

There can be some differences between truck and train in environmental impact caused 

by differences in distance. This difference, however, is very small and can only give a slight 

difference if any. Besides this is not of interest of this study since the study, and possible 

transportations, is made on existing infrastructure. 

6.2 Limitations in the environmental impact analysis 

 

The significant environmental advantage of using train as the transport mode should be 

regarded with consideration since the electricity used for the electrical train is generated by 

hydropower and it is only the impact of the actual production that is taken into account, which 

for hydropower is very low. The environmental impact of the train is so small due to the 

electrical train using renewable energy only. If the whole process to actually attain that energy 

would be taken into consideration the picture might change. On the other hand, if the process 

of attaining the fuel were taken into account for the fuel driven transportation modes then it 

would be a raise in impact there as well.  
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Another aspect that should be taken into consideration is the impact categories evaluated 

in this thesis and the limitations associated with them. To narrow down the analysis to only 

include some emissions from the transportation mode gives a limited picture since aspects 

such as for example land use and the consequences that follow are not evaluated. To only 

incorporate some emissions from the transportation modes in the environmental analysis does 

not give us the whole picture of the impact.  

Another aspect is that even if the company, Banverket, responsible for electrifying the 

rail road only buy electricity generated by hydropower, this means that in the end somebody 

else uses more fossil energy. This insecurity, however, is reduced due to the sensitivity 

analysis comparing trains using its actual electricity generated by hydropower, and by using 

the Swedish electricity mix of 2004.  

The results show a very small total increase in environmental impacts for trains and that 

it’s still the environmentally preferable choice. The very small variations between the results 

from the different energy sources can be explained by the high amount of hydropower used in 

the ordinary Swedish electricity mix and that the emissions from using truck from the 

different train stations dominate the total emissions so that a change in the energy source for 

train only gives a slightly higher value for the end result (see Figure 16-19). There are also 

some uncertainties in the data concerning the Swedish electricity mix due to the problems on 

finding the actual emissions for one kWh for Swedish electricity mix, so there might be some 

weaknesses in the calculations of the emissions.  

One advantage with the train, however, is that most of the energy produced is generated 

by renewable resources instead of fossil fuels. The amount of energy generated by renewable 

sources would however change if a Swedish electricity mix was used, but this is not 

incorporated in the sensitivity analysis. However there would still be a significantly higher 

amount of renewable electricity generated for train than for truck, since the renewable energy 

source hydro power contribute to a quite big part of the Swedish electricity production. The 

energy use for trains is about half of the energy use for truck, which means that train is much 

more energy sufficient and that’s very important to remember in a society dependent on 

limited energy resources (see Figure 8). 

6.3 Results from the cost analysis 

 

The conclusion from the environmental impact analysis is clearly that train is the best 

transportation mode. The cost analysis is a little bit more unclear, with a very small difference 

in cost between the different transportation modes. Two of the scenarios using train have a 

lower price than the cost for using truck; however the difference is very small. The train 

scenario with a higher cost, the scenario using train to Östersund, is 2 per cent higher than for 

truck (see Table 4).These small differences in prices and the fact that the costs given are only 

approximate make it impossible to draw any real conclusion, except that if there is any 

difference it is only a slight one.  

The results from the cost analysis raise the question of why there are not more 

companies who choose to use the railroad as a transportation mode. The environmental gains 

are obvious and do not seem to come with an extra cost. There might even be a possibility to 

have a possible positive economic aspect; not only because of a possible difference in 

transportation cost, but also that it’s possible that the image of the company can improve by 

using environmentally preferable transportation modes.  

One reason that there are not more companies using rail road as a transportation mode 

might be that if it’s only a short distance, or if the cargo is complicated to reload and there is 
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no access to a combi terminal, the reloading cost might be too high, especially compared to 

the price for transport for a short distance. Another aspect could be that the railway is not 

available everywhere, but this problem could be solved by combined transports where the 

major distance is made by train and the rest by truck.  

The aspect of transportation time has not been included in the analysis since; in this 

case, it is not believed to be a problem. The train is going regularly several days every week 

and possible problems with different delays is believed to be reduced by good planning. 

6.4 General discussion 

 

The current transports in the county of Jämtland give us a picture of more cargo going 

out from the region than going into the region, which indicates that vehicles, both train and 

truck, is driving into the county empty. This is especially true for train that carries a much 

smaller amount of the ingoing cargo to the county than trucks. This leads to changes in the 

environmental impact, especially for train, since now the fish food can go as cargo on 

transports into the county that otherwise would be empty and then the environmental impact 

have to be allocated between the cargo.  

Since there is far more cargo transports out from the county than into the county, there 

should be major possibilities for cooperation between these companies within the county and 

Vattudalens Fisk AB in order to actually use some of the empty transports that are going into 

the region so that the fish food can be transported in these otherwise empty vehicles. This 

would reduce environmental as well as monetary cost for both companies involved.  

To choose to use train as a transportation mode complies well with the Swedish Climate 

commission’s suggestion about using transport system with less carbon dioxide emissions and 

that are more energy efficient, which we have seen is the case with trains as transportation 

mode. The Swedish Climate commission itself actually suggests increasing the use of railroad 

to reach the climate goals.  

The study carried out in this thesis deals with a specific case; the transport of fish food from 

the factory in Brande in Denmark to the fish farm outside Strömsund in Sweden. There is a 

possibility to apply these results on other companies and they can be used as guidance in 

order for them to make the choice of the best mode of transportation as well. The 

environmental impact is significantly smaller when train is used compared to truck and this is 

true for other cases as well, even though the gains for short transports might be much smaller. 

For shorter transports train might not be a good choice since the railroad does not reach 

all the destinations and therefore using train the distance for transportation might be much 

longer due to detours. Another aspect that can cause variations of the result is the cost, 

especially when it comes to reloading of the cargo. If the transport is short, the cost of 

reloading take a larger part of the total cost, and this might make the use of train too 

expensive. The cost of reloading might also increase significantly if the cargo is complicated 

to reload and thereby demand more time for reloading which increases the cost. There is no 

cost, however, for reloading if the cargo is transported to a combi terminal, because then the 

whole container is moved from the train to the truck. However, from an environmental point 

of view, these results are applicable for long distance transportations, but when it comes to the 

cost, every company have to take its own demands for transportation, depending on the cargo, 

into consideration to find the economical preferable choice. If the results then show that the 

cost is higher for the train, the company should take into consideration this increased 

monetary cost by using train and compare it to the environmental gains. 
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There are also other aspects, other than environmental impacts, that are not included in 

this thesis that are of importance in choosing the best mode of transportation, such as risk of 

accidents. From a general point of view, not specifically connected to this case but to the 

transportation system as a whole, the question is what would happen to the risk of accidents to 

happen if the uses of truck transports are increasing? What would happen to the risk of 

accidents to happen if the train transports are increasing? The transportations by truck is made 

using the road, an infrastructure that is used by various types of transportation modes of 

different sizes and that is traveling with different speeds, having no knowledge of other 

vehicles is traveling close by at the same time. There are also variations in the climate that 

causing different road characteristics; the road can be covered with ice, slippery due to rain or 

of bad quality and all of these things causing risks. With a transport from Denmark, through 

Sweden’s southern parts and up to the middle of Sweden, it can be assumed that these 

characteristics are going to change, and the driver might not always be aware of it.  

For transportations with train the picture might be somewhat different. On the railroad 

there is not various numbers of transportation modes and there is control on what train is 

where at which time, which should decrease the risk of accidents. The risks of accidents due 

to variations in characteristics should also be reduced. However, there is a risk for derailment 

of trains, but the risk of accidents happening with trains is believed to be smaller than for 

truck. The train is assumed to be better than truck from a risk of accidents point of view, and 

although this is not supported by any scientific proof in this thesis, it might be an aspect to 

take into consideration when choosing the transportation mode.  

6.5 Conclusion 

 

This thesis considers the environmentally, as well as economically, best mode of transporting 

fish food, from Brande in Denmark to a planned fish farm outside Strömsund in Sweden, 

comparing the two transportation modes; truck and train.  

The environmental analysis shows that train is a better transportation mode compared to 

truck for all the environmental impact categories that have been considered.  Another 

conclusion it is no significant difference in cost between the different modes of transportation.  

With this in mind it is suggested that when choosing the mode of transportation the 

possibility of using train for transports should always be investigated.   
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Appendix 

Calculation method, Scenario truck 

 

The vehicle characteristics used in this thesis are the ones connected to the Truck plus 

trailer, presented at the NTM webpage (see Figure 20). This truck has a total weight of 40 

tones and a cargo capacity of 26 tones. The utilization level is calculated at 100 per cent, 

which often is the case with the fish food (Hjalmarsson, 2008) 

 

 
Figure 20The different trucks presented by NTM (Source: Nätverketför transporter 

ochmiljön, 2005). 

 

As a first step the fuel consumption for the specific truck were calculated using the same 

equation as NTM had for their analyses (see Formula 1). The values for fuel consumption and 

cargo capacity utilization were the ones given by NTM.  

 
Formu1a 1 The equation for calculations of fuel consumption on truck, where FC stands for fuel consumption 

and CCU for Cargo Capacity Utilization. 

 
 

The total fuel consumption for the whole trip was calculated by multiplying the road distance, 

gained using Google Map, with the fuel consumption per kilometer. To gain the distance in 

Google Map Brande was used as the starting point and Gärdnäs, the second fish farm, as 

endpoint. Since more than 90% of the diesel used in Sweden is MK-1 diesel, which is 

environmental class 1 diesel, the assumption is that MK-1 diesel is the fuel used for the actual 

transports (Nätverketför transporter ochmiljön, 2005).  

FCCCU=FCempty+(FCfull-FCempty)*CCUweight (phys) 
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The energy for the transportation was calculated by multiplying the fuel consumption 

with the energy content in one liter of MK-1 diesel. The emissions were calculated using 

NTM: s emission factors for engine standard Euro 1 and Euro 3 (see Table 5).  

 
Table 5The emission factors used in the calculations (Source:Nätverketför transporter ochmiljön, 2005) 

Emissions in g/l Euro 1 Euro 3 

CO2 2600 2600 

NOx 27 16 

HC 1,8 1,3 

CO 3,4 2,3 

 

Since the emission factors were given in emissions per liter of fuel, the fuel 

consumption was multiplied with the emission factor in order to get the total amount of 

emissions. The emissions of sulphur dioxide were however calculated using a formula based 

on the sulphur content in the fuel and fuel density (see Formula 2 and Table 6). 

 
Formula 2The formula for calculating sulphur dioxide, where FC is the fuel consumption, SC is the sulphur 

content and δ is the fuel density. 

 
 
Table 6The fuel data used to calculate the emissions of sulphur dioxide 

(Source:Nätverketför transporter ochmiljön, 2005)  

Fuel data MK-1  

Sulphur content ppm 2 

Density g/l 810 

 

The emissions and the energy were then allocated to the functional unit by dividing the 

total amount of emissions with the weight of the cargo in the truck. 

 

FCtot*SC*δ*2=SO2 
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Table 7The calculation examples of the method used for calculations connected to the use of truck 

Description Example 

Selection of relevant vehicle type Total weight: 60 tones 

Cargo weight total in t= 

Cargomax*CU75%= 

40*0,75=30 

Set fuel type and fuel consumption MK-1 diesel  

Fuel consumption in l 100% cargo 

capacity used= 

FCCCU=FCempty+ (FCfull-FCempty)*CCUweight= 

0,236+(0,354-0,236)*(26/26)=0,354 

Distance and total fuel consumption Distance: 1586,5 km 

Total fuel consumption in l= 

Diskm*FC75%=FCtot= 

1586,5*0,354=561,6 

Environmental performance data Energy use= 

FCtot*MJl= 

561,6*35,3=19825,2 

 

CO2, NOx, HC and CO emissions 

calculations, ex CO2= 

CO2 g/l*FCtot= 

2600*561,6≈1460214,6 

 

SO2 emissions= 

FCtot*SC*δ*2= 

561,6*0,000002*810*2≈1,82 

Allocation to the functional unit Energy use functional unit= 

MJtot/26= 

19825,2/26=762,5 

 

Emissions functional unit ex CO2: 

CO2tot/26= 

1830424,375/28≈56162,1 
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Calculation method, Scenario train 

 

The first step to calculate the impacts from train transports were to establish if the train using 

an engine operating with electricity or by diesel. Since most trains use electricity for the 

operation the calculations of the transportation from Brande to Östersund were made using 

NTM: s values for electrical train (Banverket, 2007). From Östersund to Strömsund the 

transportation is made on railway owned by Inlandsbanan, which means a change to diesel 

train (Stenberg, 2008) 

As a second step in the calculations the trains gross weight is established, in this case an 

average train weight of 1000 tones given by NTM was used.  

The diesel trains fuel consumption was calculated by multiplying the fuel consumption 

per kilometer, calculated with the equation given by NTM, with the distance between 

Östersund and Strömsund (see Formula 3). The distance was gained using the webpage 

tydal.nu which provides a service for distance information with train.  

 
Formula 3The formula for calculations of fuel used by train, where FC is the fuel consumption and Wgris the 

train gross weight 

 
The electricity consumption was gained by calculating the electricity consumption per 

tonekilometers using the equation given by NTM (see Formula 4). This value were then 

multiplied with the distance Brande- Östersund, which were gained using the EICIS, a 

programme that is originally made for calculations of prices and given by RailNetEurope. 

 
Formula 4The formula for calculations of electricity use by train, where EC is the electricity consumption and 

Wgr is the train gross weight.  

 
 

The calculations of energy use for the diesel train were made by multiplying the energy 

content in one liter of fuel by the amount of fuel consumed. For the electricity train the 

amount of energy given in kilowatt hours is converted into mega joule. The emissions from 

the diesel train were given by multiplying the emissions factors in the fuel by the amount of 

fuel consumed. The emission data is given for MK-3 diesel, but were recalculated into 

emissions given using MK-1 diesel by multiplying with the percentile difference in emissions. 

(see Table 8 and table 9).  
 

Table 8The emission data for diesel train used for the calculations (Source:Nätverketför Transporter ochMiljön, 

2008) 

Emission data Diesel train g/kg fuel 

CO2 3170 

NOx 70 

SO2 0,5 

HC 2,8 

CO 4,5 

 
  

EC=540*Wgr
-0,5 

 

FC=122, 46*Wgr
-0.5 
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Table 9The change in emissions when using MK-1 diesel instead of MK-3 diesel  

Percentile change in emissions MK- diesel to Mk-1 diesel 

CO2 No change 

NOx -5-10% (5% used in accordance with NTM) 

SO2 Change to 1/100 

HC No change 

CO -20% 

 

The emissions from the electricity train are given by multiplying the total amount of 

energy use with the emission factors for every kilowatt hour used. This data, given by NTM, 

also includes a 4 per cent transmission loss and the emission factors are based on the use of 

only hydropower. The railway net used between Brande and Östersund is mainly Banverkets, 

which is the responsible institution for the Swedish railway net, and they buy only electricity 

generated by hydropower and a very small part from wind power (Banverket 2007). The 

electricity train will also go a short distance on the Danish railway net, Banedanmark, and 

they also by electricity produced by renewable resources, mainly hydropower but also wind 

power (Banedanmark, 2008). The data given by NTM is thereby assumed to be representative 

in this case (see Table 10).  

 
Table 10The emission factors for electrical trains per kWh, including a transmission loss of 4 per cent (Source: 

Nätverketför Transporter ochMiljö, 2008). 

Emission factors g/kWh 

CO2 0,070521 

NOx 0,0002739 

SO2 0,0001135 

HC 0,0002572 

CO 0,001875 

 

The last step was to allocate the environmental impact to the functional unit which is 

made by dividing the impact with the total weight of the train and with a utilization capacity 

of 60 per cent. 

In order to get the total impact from transportation chain 2, using train, the emissions 

from using a truck the last kilometers from the train station in Strömsund to the fish farm in 

Gärdnäs were added, using the calculation method for truck (see Calculation method, Truck; 

transportation chain 1 and Table 7). The calculations are also made using a truck from 

Östersund to the fish farm, instead of a diesel train, in order to compare potential differences 

in impact since there are plans for building a combi terminal in Östersund in the future, which 

would ease the transfer from train to truck. Since there already is a combi terminal in 

Sundsvall, the calculations were made for train transport to Sundsvall, and truck the 

remaining distance.  
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Table 11A calculation examples of the method used 

Description  Example 

Calculate fuel consumption and electricity 

consumption per km 
Diesel train cons. in l: 

FC=122,46*Wgr
-0,5

= 

122,46*1000
-0,5

≈3,87 

 

Electrical train cons. in kWh: 

EC=540*Wgr
-0,5 

540*1000
-0,5

≈17,1 

Load factor 0,6 

Lf*EC=EClf 

17,1*0,6=28,46 

Calculate total fuel- and electrical 

consumption 
Diesel train total cons. in l: 

FCtot=FC*Diskm= 

3,87*115≈445,3 

 

Electrical train total cons. in kWh: 

ECtot=EClf*Diskm*Tloss 

28,46*1379,9*1,10=43199,9 

Environmental performance data Diesel train; Energy use: 

 

MJtot=FCtot*MJl 

445,3*35,3≈15720,5 

 

Emission calculations, ex CO2= 

FCkg =FCtot* δ  

445,3*0,84≈374,1 (MK-3) 

CO2tot=CO2g/l*FCkg 

3170*374,1≈1185852,4 

 

Electricity train: 

43199,9*3,6≈15519,6 MJ 

 

Emission calculations, ex CO2= 

CO2tot= ECtot*CO2g/kWh= 

43199,9*0,070521=3046,5 

 

Allocation to the functional unit Diesel train: 

CO2fu =CO2tot/600 

1185852,4/600≈1976,4 

Electrical train: 

CO2fu =CO2tot/1000 

3046,5/1000≈3,05 

Add the impact from the truck Calculations for the number of kilometers 

with truck (see Table 3). The engine used is 

of Euro class 3 

Example tot: 

CO2truck+train=CO2dtrain+CO2eltrain+CO2trcuk 

1976,4+3,05+2306,8=4286,3  



Jessica Raftsjö-Lindberg 

Mid Sweden University, Ecotechnology, Östersund 

Department of Technology, Physics and Mathematics  

 

38 

Calculations method Cost analysis 
 
The cost of transporting 26 tons fish food from Brande in Denmark to the fish farm in 

Gärdnäs is 19 500 SEK, plus an additional cost of 150 SEK for every 10 kilometers of 

transport between Gärdnäs and the closest city; Östersund. This additional cost is due to the 

assumption that the truck will be empty from the fish farm to Östersund (Carlsson, 2008b). 

The total number of kilometers between Gärdnäs and Östersund is 155, 7 kilometers which 

gives an approximate cost of 2335 SEK. This gives us an estimated total cost of 21 835 SEK 

(see Table 4). 

 For train scenario Strömsund the cost of transportation to the station in Östersund is 

14 000 SEK. This includes the transport with truck from the fish food factory in Brande to the 

train station in Herning, where the cargo is reloaded on the train, a cost that also is included in 

the price (Svensson, 2008). The further transportation of cargo from Östersund to Strömsund 

with train reaches a total cost of 2850 SEK (Hansen, 2008). In Strömsund the cargo have to 

be reloaded to truck, which costs approximate 600 SEK per hour. The cargo with 26 tons of 

fish food require an estimated reloading time of one and a half hour, which gives a cost of 900 

SEK. The cost of transportation from Strömsund to the farm in Gärdnäs with truck is 3145 

SEK. To this cost there is an additional cost of 150 SEK per 10 kilometers for the trucks 

empty transportation back from the fish farm (see Table 4) (Carlsson, 2008b). The distance is 

59, 5 kilometers and this gives a cost of 895 SEK, which results in an approximate cost of 

21 785 SEK. 

 The second train scenario using train for transportation to Östersund has the same initial 

cost for the transportation to Östersund as the train scenario Strömsund; 14 000 SEK 

(Svensson, 2008). In Östersund the cargo has to be reloaded to a truck, which, as previously 

stated, gives rise to a reloading cost of 900 SEK. The cost of the transportation from 

Östersund to Gärdnäs is estimated to 5045 SEK plus an additional cost for the empty return 

trip which gives the same cost as for the truck scenario, 2335 SEK (Carlsson, 2008b). The 

total cost will be approximately 22 280 SEK (see Table 4). 

The train scenario Sundsvall cost 12 500 SEK for the transportation to Sundsvall, 

including the truck transport from Brande to Herning and the reloading (Svensson, 2008). 

Since Sundsvall is a combi terminal there should be no need for reloading. The cost for the 

transportation by truck from Sundsvall to the fish farm in Gärdnäs is 6990 SEK, and the 

additional cost for the empty truck will be the same as for the other alternatives since 

Östersund is located on the road between Sundsvall and the fish farm in Gärdnäs (Carlsson, 

2008b). The additional cost is therefore 2335 SEK and the total cost is approximately 21 825 

SEK (see Table 4). 

 


