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Abstract

As of today, a small share of the total volume of goods transported in Sweden is carried by
maritime transportation and Inland Waterway Transportation (IWT) stands for only 0.7% of
this volume. Due to the globalisation, supply chains are now operating worldwide to increase
their competitiveness which puts requirements on the existing infrastructure. This, to cope
with the expected increasing amount of transportation in the future. The transportation
network in Sweden is currently unbalanced, with the majority of the volume transported on
the road network. Superiority in the transport quality factors reliability, accessibility,
connectivity, flexibility and cost is believed to be what causes this imbalance. However, the
external effects of road transportation need to be mitigated where IWT is identified as a
possible mean to decrease the road transportation. Lake Védnern and Géta Alv River is the
longest inland waterway in Sweden with unutilized capacity, thus holding potential to be used
as a mean to achieve a better balance in the transport system

There is emerging pressure from authorities in the transport industry to reduce the
environmental impact of road transportation. The European Commission strives for
sustainable transportation and promotes modal shifts to alternative transport modes with
less impact on environment and society. The Swedish government also set environmental
policies where the transport system is under pressure. In order to obtain a prosperous
transport network, inland waterways offer the potential of extending the current
transportation network and become more efficient.

This study concludes that there is undeniable potential for an increased usage of IWT in
Sweden, but that there needs to be structural changes made relating to the Swedish IWT
framework. The potential for an increased usage of IWT in lake Vanern and Géta Alv river is
hard to quantify, due to the different contexts and different factors affecting their suitability
for IWT. Reliability, flexibility, connectivity and cost are decisive factors influencing the modal
choice for goods transports and especially the suitability for IWT.
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1. Introduction

This introductory chapter presents the background, case description, purpose, research questions,
scope and delimitations of the study. Lastly, a presentation of the outline of the thesis follows which
intends to guide the reader through the different chapters.

1.1 Background

In order to achieve sustainable and competitive goods flows within the national transport
system, focus is transferred to the yet unutilized inland waterway transport system (IWTS)
(Caris, Limbourg, Macharis, Lier & Cools 2014). As of today, a small share of the total domestic
volume of goods are using transports on sea, and Inland Waterway Transportation (IWT)
stands for only 0.7% of this (Trafikanalys 2016). Due to the globalisation, supply chains are
now operating worldwide to increase their competitiveness which puts requirements on the
existing infrastructure to cope with the expected increasing amount of transports in the
future (Mommens & Macharis 2014).

In North-western Europe, transportation on inland waterways are used to a higher extent.
Germany, the Netherlands and Belgium are the biggest users of this transport, where Erceg
(2018) states that the geographical position and the development of inland waterway
infrastructure are common factors for these countries. Meers & Macharis (2015) describes
that intermodal transports are important in order to offload the burden from road
transportation in serving major ports. Intermodal transport solutions will extend and maintain
the current hinterland and at the same time provide connections to lakes, rivers and other
ports in order to mitigate the external effects of road transports.

In order to obtain a prosperous transport network, inland waterways offer a potential to
extend the current transport network as well as lower the use of road network in the future
(Mommens & Macharis 2014). This corresponds to the objective stated by the European
Commission, with the goal to reach zero net emissions in 2050 (European Commission 2018).
Caris et al. (2014) mentioned a solution of reducing the impact by transferring road transport
into more use of fossil free transports, thus enhancing the ecological, societal and economical
aspects (Abbasi & Nilsson 2016). The Swedish Government share the vision to reach zero net
emissions by 2050, where (Pierrehumbert, 2016) identifies the transportation sector using
liquid fuels as the biggest challenge to reach the goals.

According to the capacity report done by Trafikanalys (Garberg, 2016), imbalances exist in the
national transport network in Sweden. Road transport is the dominant mode of transport due
to the mobility and extensive infrastructure, but is also characterised with several external
factors such as congestion, air pollution, accidents and noise (Liedtke, Carrillo Murillo 2012).
In relation to rail and sea transports that offers the possibility to absorb bigger volumes leads



to a lower environmental impact per tank. Hence, this proves the importance of this report
of investigating the potential of IWT.

1.2 Case description - Inland Waterway Transportation Solution (IWTS) 2.0 project

The IWTS 2.0 project addresses inland waterway challenges and aims at facilitating and
creating awareness of how to utilize the waterways in a better way (Northsearegion, 2019).
It is funded by Interreg North Sea Region, European Development Fund, but also co-funded
by the county of Vdstra Gotaland and the Swedish innovation authority Vinnova. The project
is driven by 11 partners from 5 different countries and with the notion of underutilized
waterways in Europe the project will showcase proven concepts that then can be adopted by
the market. This will be done by piloting 8 small waterway modal shifts, including innovative
barge-, waterway-, transhipment-, loading/unloading-, freight flow mapping- and modal shift
decision making solutions. The idea is to join forces in order to mobilise potentials and
capacity to move freight to the still underutilized waterways. A Swedish reference group is
put together in order to involve suitable stakeholders to understand the actors’ perspectives
and develop practical solutions that is applicable to the Swedish Inland waterways (IWWs).
The reference group consists of ship-owners, ports, logistics operators, goods owners,
authorities and municipalities. The Swedish contribution to the project is coordinated by SSPA
where the stakeholders aims at creating a holistic picture of coastal- and inland shipping in
Sweden and how to develop innovative logistic systems within this area (SSPA, 2019). The
project consists of six work packages which are put in place in order to facilitate a realisation
of the modal shift to waterways, where this study is part of the goods flow mapping (see
figure 1).

Project
management

Vessel Business.
concepts. models

Innovative

logistic
concepts

Gooods flow Regulations &
mapping Incentives

Figure 1.1. The six different work packages towards IWT

1.3 Purpose of the study

The main objective with this study is to identify potential for an increased usage of IWT in lake
Vinern and Géta Alv river, based on existing goods flows.



1.4 Research questions

In order to be able to fulfil the purpose of the study, research questions have been
formulated. The second research question is further broken down into 4 more specific
questions to address different perspectives. These will guide the project where the different
chapters are intended to provide information that can be used in order to answer the research
questions.

1. What are the inbound- and outbound flows in the counties of Varmland, Vastra Gotaland and
Orebro?
2. What potential can be identified for an increased usage of IWT in lake Vanern and Géta Alv river?
a. Which goods types are suitable?
b. What potential goods flows exist in the geographical area that could be transferable?
¢. What potential is there for containerisation?
d. How do actors in the supply chain consider the use of IWT?

1.5 Scope/delimitations

Delimitations in this study is the geographical area around the river Géta Alv and around lake Vanern, more
specifically the counties of Vastra Gétaland, Varmland and Orebro. As the study aims at examining the
potential for an increased use of IWT, by conducting goods flow mapping, a strong focus on the secondary
data (national statistics) characterises this report, see section 2.5.2. The secondary data works as
preliminary input for answering both of the research questions but empirical information has also been
collected from involved actors in order to create a more holistic picture. The data represents information
of goods flows of shipments carried out during 2016 and economic and environmental calculations has
been excluded in the report as it is considered to lay outside the scope of the research questions.

1.6 Outline of the thesis

The outline of the thesis is constructed as below and presented in order to assist the reader
to navigate in the report.

Chapter 2 - Explanation of the methodology used in the study. A combined approach with a
guantitative and qualitative research strategy was implemented for this study.

Chapter 3 - Presentation of the frame of reference. The total transport network and the
components are presented. These parts include different characteristics of the transport
modes and transport quality factors, which are later compiled in respect to IWT.

Chapter 4 - Findings from the goods flow mapping, based on the secondary data provided by
Trafikanalys. This chapter intend to answer the first research question of mapping the
inbound- and outbound goods flows in the selected counties. The last section will present a
constructed case for IWT suitable goods transported between the selected counties, followed
by its findings and discussion. This section intends to answer research question 2a.

Chapter 5 - Presentation of the findings from the case study constructed for container shuttle
between the ports of Gothenburg and Kristinehamn. The last part of this chapter will present
a summary of the potential goods flows, in order to answer research question 2b & c.

1N



Chapter 6 - The empirical findings provided from the interviews are further presented here.
Topics regarding the transport quality and their perspective of IWT are discussed. This chapter
also provides knowledge required for research question 2d.

Chapter 7 & 8 - Discussion and conclusions are presented in these two last chapters.
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2. Methodology

This chapter describes how the study was conducted. First, the research strategy and research
design are explained, followed by an illustration of the research process. Then, how the
literature study, data collection and analysis have been carried out is presented.

2.1 Research strategy

A mix of a qualitative- and quantitative research approach has been used for this study. The
gualitative approach has been used for the empirical findings where the source of information
are mainly interviews. The quantitative part consists of the secondary data that has been
processed and analysed in order to be able to answer the research questions.

2.2 Research design

The research design of this study can be classified as a case study. A case study features a
specific case and its complexity and should be thoroughly examined and analysed from a
theoretical standpoint (Bryman and Bell, 2015). When conducting a qualitative research
strategy, a case study is an approach which facilitates understanding of complex relationships
between factors in the given context and provides depth rather than width (Denscombe,
2014). Also, it enables comparison of factor behaviour in different social settings. In this study,
the IWTS on the specific case of lake Vanern and its surroundings is evaluated by collecting
data of the specific features of the case. In order to analyse the gathered data, literature has
been used in order to create a theoretical framework from where the analysis then stems.
The case has been thoroughly examined and where primarily the secondary data has been
used. Qualitative data has also been collected from different key stakeholders, in order to
ensure to collect important information. Dubois and Gadde (2002) state that the use of a
particular case in this way is the best approach to understand the phenomenon and its
interactions with the context. They however emphasize that reliance on a theoretical
standpoint is necessary in order to avoid biased opinions and views from the context of the
case.

2.3 Research process

In figure 2.1, an illustration of the research process of this study is presented. The scope was
pre-defined by the supervisors at SSPA which was presented during the first start-up meeting.
The following step in the process was then to conduct an initial background study of the case
and to start the literature review. The frame of reference was created initially but as the study
progressed, additional information was included to support the new aspects identified. As
knowledge was gathered, important stakeholders could be identified which was then
targeted as potential interviewees where important data could be captured. Important
stakeholders were contacted and interviews scheduled. The interviews were conducted
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throughout the project, meaning that the interview data has been worked with in parallel to
the other steps in the process.

As the goods flow mapping needed input data, secondary data was requested from
Trafikanalys which can grant requests of such data for research or statistics creation (see
section 2.5.2). The data was then processed in order to be compatible with the GIS-tool used
for visualisations in the goods flow mapping. Notable to mention is that the used softwares
are Excel, Power Pivot plug-in for Excel and Microsoft Power Bl. The following step was to
analyse the data and present the findings of the study. The frame of reference together with
the empirical findings were then used in order to analyse the findings and conclusions could

be drawn.
Research process
N 4 N
(1. Start-up meeting (2. Background- & literature study h 3. Introduction & methodology
Discussion of scope and how to start the To learn and understand the topic, gather The introductory chapter of the report and
project information and people with important » methodology was decided
knowledge.
. J A\ J . J

N\ 4 | | N\ 4 i N\
4. Frame of reference 5. Interviews & meetings 6. Data collection
The frame of reference was constructed. To learn and understand different Regquest secondary data from TrafikAnalys.

| Thiswas supplemented throughout the standpoints from involved actors.

study. Conducted troughout the study.

J/ \\ J A S/
7. Data processing 8. Initial data analysis 9. Goods flow mapping
To make the raw datacompatible with To understand how to construct the goods The findings of the study was analysed
softwares used for goods flow mapping. flow mapping. contructed.
10. Case study 11. Discussion & conclusions 12. Presentation
Further analysis of the data. Cases were The study was discussed and conclusions Presentation of the thesis together with
constructed. could bedrawn. opponent review.

Figure 2.1. A visualisation of the research process

2.4 Literature study

In order to learn what is already known about the topic in general and specifically for the
given case study, a literature review was conducted and the theoretical framework was
constructed. The literature used for this study was found through Chalmers Summon, Google
Scholar, Scopus database and also provided by SSPA and recommended by some of the
interviewees. By reviewing the available literature and bibliographies, major references could
be identified and later on used as main sources of information in the initial phase of the study,
as Bryman and Bell (2015) recommend.

The bibliographies of the articles were also used as additional sources of information to the
theoretical framework. Reports from authorities and organisations such as
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Transportstyrelsen, Sjofartsverket and Trafikverket have also been used as a source of
information, data and statistics for the Swedish transportation system.

Keywords were configured in the beginning of the study, as Bryman and Bell (2015)
recommend. This, in order to be able to find relevant articles in the databases. Examples of
these keywords were: inland waterway transportation, IWW, IWT, containerisation, modal
choice, transportation systems. The literature has been critically examined by comparing
different analyses and conclusions, where the context of the different studies and the age of
the articles also has been taken into consideration in the selection criteria.

2.5 Data collection

This section describes the data collection and the different methods used. Also, why these
methods have been used is explained.

2.5.1 Interviews

The interviews were conducted with different key stakeholders in the context of the study.
As there are several individuals involved in the IWTS 2.0 project with extensive knowledge
about the topic in general and also specific knowledge and information about the specific
context of this study, interviews were considered appropriate and also important to conduct.
This in order to correctly understand the situation. Bryman and Bell (2015) highlights two
types of interviewing; quantitative and qualitative. A qualitative interview approach was used
in this study since this gives the interviewee the opportunity to present their own thoughts
and reflections, rather than simply answering the researcher's questions. As the interviewees
was considered to possess both important information as well as experience in the field, their
thoughts and reflections were of much interest in order to allow for an as broad
understanding as possible. Bryman and Bell (2015) states that qualitative interviewing is a
good method when rich and detailed answers are desired. Furthermore, it allows for more
open discussions as well as altering of the order of the questions as the interview progresses.

The interviews held was of semi-structured character. According to Bryman and Bell (2015),
a semi-structured interview means that an interview guide is prepared before the interview
where the topics are quite specific. However, this guide must not be followed completely
during the interviews. During interviews, broad topics were discussed but as the interview
progressed, the interviewee’s answer decided what question to address next. Examples of
these topics are transport quality factors for transportation, IWT suitability, IWT framework,
current situation of IWT in Sweden. Sometimes new questions arose and sometimes
guestions prepared before, were not asked. According to Dubois and Gadde (2002), this is an
appropriate approach when the researcher wants to discover new data and dimensions in the
given context. Bryman and Bell (2015) also stresses that not asking all the questions in the
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interview guide is a characteristic of a semi-structured interview and that most qualitative
interviews are a mix of semi-structured and unstructured interviews.

The different interviews held are presented in Table 2.1 where, dates, topics discussed, the
interviewees organisational position and the length of the interviews are presented. As it was
promised to keep their names anonymous, they are presented as goods owner, port, shipping
company, etc.

Industry Type of Duration

interview

Project initiator Shipping In person 19 Feb Discussion of topic in general and recommendations for 45 min
goods flow mapping

Port of Vanern Shipping Mail 22 Feb Data and information about port operations N/A
exchange
Municipality of Public sector  Telephone 22 Feb How authorities work with IWT 45 min

Kristinehamn

Varmland Region  Public sector  Telephone 26 Feb Potential for IWT and previous projects 45 min

Goods owner Wood and Telephone 12 Mar How the raw materials are supplied to the wood and 30 min
paper paper industry and transport quality prioritization.

Consulting Traffic Telephone 14 Mar Socio-economic perspective on transportation calculations 30 min

company consultancy and previous projects

Goods owner Metal Telephone 15 Mar Transport quality prioritization, current transportation 40 min

setup and suitability for IWT

Shipping Shipping Telephone 02 Apr Current status of IWT in Sweden, IWT framework and 85 min

company governance, shipping company perspective

Trafikanalys Statistics Telephone 02 Apr Data design and recommendations of how to process data 25 min

Goods owner Construction  Telephone 05 Apr Transport quality prioritization and current transportation 25 min
equipment setup

Goods owner Wood and Telephone 25 Apr Transport quality prioritization, current transportation 30 min
paper setup and suitability for IWT

Shipping Shipping Telephone 03 May Current status of IWT in Sweden, problems and enablers, 50 min

company projects toward IWT

Goods owner Wood and Telephone 09 May Transport quality prioritization, current transportation 30 min
paper setup and suitability for IWT

Table 2.1. Presentation of interviews during the study
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In addition to the interviews, secondary data has also been collected in order to get a holistic
view of the problem and to be able to, if possible, validate numbers and data provided
through the interviews. As the official secondary data available was considered to be too
accumulated and thus not very useful for the case study, “micro data” from Trafikanalys was
requested. Requests of such micro data can be granted to research projects and statistics
creation if it is clear that the requested information cannot harm the source of the
information (Trafikanalys, 2018).

2.5.2 Secondary data of goods flows

The secondary data contains information about goods flows that was gathered by Trafikanalys
in 2016, when they worked with a goods flow investigation. Trafikanalys is the responsible
authority for statistics in the fields of, among others, public transport, shipping, road traffic
and rail traffic. According to the publicity and secrecy act, micro data relating to these
statistics can be submitted for research purposes or other official statistics creation. The
following table 2.2 presents the different variables in the data together with a description and
if a certain variable is used or not.

Variable Description Included in Comment

report

Date Year, quarter and date of the shipment  No -

Commaodity code The commodity transported according Yes Presented as commodity names
to NST2007

Goods type Grouping of the commodity type Yes -

according to NST2007

Invoice value The value of the goods transported in No -
SEK (excl. VAT and transport cost)

Weight The net-weight of the goods Yes -
transported

Carrier type How the goods are carried during Yes -
transport

Transport mode What transport mode utilized - road-, Yes -

railway- or sea transportation

Industry/Business type The industry of the sender and receiver  Yes -
Postal code The postal code of the sender and Yes Not presented explicitly but is used for
receiver some visualisations. Needed for
compatibility.
Country code The country code of the sender and Yes Presented as country names

receiver

1R



Receiving county In which county the destination is Yes -

located
Receiving municipality In which municipality the destinationis  Yes -
located
Enumeration variable Used to compute weights Yes Not presented explicitly but used to
process the data
Size of company Number of people employed No -
Direction Import, export or domestic shipment Yes -

Table 2.2. Presentation of interviews during the study

2.6 Analysis of the research questions

This section describes the respective approach taken in order to answer the research
guestions. A presentation of how the research questions have been answered can be found
in following figures. The steps are presented in succeeding order where the preceding step
work as input to the next step. If a step is running in parallel with, it is stated in the figures
2.3and 2.4.

Research question 1

Secondary data
Prepare the raw data, processing and
making it compatible with softwares

Empirical findings Data analysis

Understanding how to construct goods Proceed with the compatible data, creating
flow mapping - from interviews and visualisations and diagrams
previousreports

Goods flow mapping
Presenting the findings from the data
analysis

Output

RQ1: "What are theinbound-and
outbound flowsin the counties of
Varmland, Vastra Gotaland and Orebro?"

S [

Figure 2.3. Presentation of how RQ1 is answered.

Research question 2
Research question 1 Frame of reference and empirical findings Case study
Understanding and knowledge from Understanding of containers importance Container study with input from secondary
previous findings formsinput to RQ 2 for increased use of IWT data, geographical deliminations and
software
Findings Analysis and discussion Output
Presenting the findings from the container Empirical data formed the discussion to RQ2: "What potential can beidentified for
study. highlight the possibilities within IWT an increase usage of IWT in lake Vanern
and Gota Alv river?

Figure 2.4. Presentation of how RQ2 is answered.
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2.7 Analysis of the secondary data

The micro data was received in the file format CSV (comma separated values), which enables
large amounts of data to be packaged into small sized files. Initially, three different files were
received, containing:
e Inbound shipments from destinations within Sweden to Vastra Gétaland-, Varmland-
and Orebro county
e Outbound shipments from Vistra Gotaland-, Varmland- and Orebro county, both
domestic and export
e Import shipments to Vistra Gétaland-, Varmland- and Orebro county from foreign
countries
e (Additionally, a “meta data” document with descriptions of the different variables was
received)

These files then needed processing to be compatible with the softwares used for the data
analysis. This proved to be a time-consuming activity, and a large part of the time spent on
the project is allocated to this. This, due to the importance of getting the data compatible and
user friendly as the largest part of the study revolves around the data. The process of how the
data was handled can be concluded into 4 steps, described below.

2.7.1 Step 1 - Compressing the data

Microsoft Excel was intended to be used in order to handle and analyse the data which
imposed certain limitations for the data processing. The maximum number of rows is limited
to 1.048.576, which the received data exceeded (approximately 1,700,000), meaning that
another approach was needed. After investigating the possibilities of how to handle large data
amounts, understanding of how to compress the data in a way for to make it compatible with
Excel was gathered. By using the Excel plug-in Power Pivot, all the data could be imported
into one file. This is done by creating data connections from the server where the data is
stored and the software, resulting in a compressed data volume. This, because the data is not
handled directly in the software, but instead through the data connection.

2.7.2 Step 2 - Transforming the data

When the data was compressed and compatible with Excel, it needed to be transformed in
order for us to understand the variables correctly. Firstly, with the assistance of the “meta
data”, the input parameters were transformed into appropriate names and certain variables
were excluded in the data sheets. As the data also needed to be compatible with the GIS-tool
(geographical information system) used, Microsoft Power Bl, new columns of custom made
variables were created. In order for the GIS-tool to read the data (origins and destinations),
the input data needed to include: country name, county name and postal code. By using e.g.
lookup commands, these variables could be merged into one cell, making the data compatible
to create visualisations.

1



2.7.3 Step 3 - Creating dynamic dashboards

When the data was transformed, dashboards were created where the different variables
could be filtered. This, in order to be able to look beyond the aggregated level and more into
detail for certain parameters, e.g. what the outbound flow from a certain municipality is. The
dashboards were created dynamically, meaning that all tables and diagrams follow a certain
data selection, which enabled a better understanding of how dependencies between
different variables exist. For example, filtering on a certain commodity reveals the distribution
of the transport modes and the different destinations for the shipments, and by filtering
again, this time on one of the transport modes, the destinations will change. A screenshot of
how a dashboard can look is presented below in figure 2.2.
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Figure 2.2. Screenshot of the dashboard used for presenting the secondary data
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2.7.4 Step 4 - Creating visualisations and diagrams

With the first three steps completed, the data was compatible and user friendly. This enabled
us to start creating the map visualisations and diagrams included in the study. Data selections
and delimitations within certain variables were made to present reader friendly visualisations,
which was done through the dashboards.
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3. Frame of reference

This chapter will present the findings from the literature study performed in the project.

3.1 Freight transport and logistics

Freight transport stands for all the movements of goods within the supply chain, hence the
importance of coordinated processes and efficient activities to meet customer demand.
According to Jonsson & Mattsson (2011), the objective with logistic operations is to achieve
space and time utility for the goods flow, i.e. ensuring that goods are at the right place at the
right time. To fully understand the complexity in this area, Wandel et al. (1992) introduce a
three-layer model, where each component of the freight transport system is described, see
figure 3.1. The transport system consists of the infrastructure, material- and transport flow.

»o.

™ 4

. 3 Material flow (MF)
&

{ | Demand (material flow)
D Transport Market
1 Supply (load unit flow)

v

oS FAY Transport flow (TF)
Y e

J | Demand (vehicle flow)
D Traffic Market

' Supply (capacity)

Infrastructure (IS)

Figure 3.1. The three-layer model — Freight transport systems and their intersections (Source: Lumsden 2012).

Firstly, the infrastructure is the fundamental component for carrying out transports since it
offers their users equipment and systems to operate on. The primary objective is to connect
the whole system with harbours, terminals, railway systems and road networks to establish
functional operational conditions (Lumsden 2006; Jonsson & Mattson 2011). The
infrastructure is normally funded by the government and changes in the system requires both
time and heavily investments.

Secondly, the transport flow utilizes the infrastructure and consist of the different modes of
transport performing movements of goods between different entities in the supply chain. The
transportation flow is defined as the limited resources and units within the transport system
that requires planning in order to operate.
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Thirdly, the material flow is initiated by a need of moving the goods between different nodes
in the infrastructure, by the transport flow. According to Lumsden (2006), this concerns both
internal and external goods flows within or between different processes or actors along the
supply chain.

The freight transport system needs to be defined as one entity to achieve an increased output,
where each of the components intends to create synergies in the system when used together,
i.e. instead of operating in isolation, a higher efficiency could be reached in combining several
components (Jonsson & Mattsson, 2011). In all of these layers in figure 3.1, mutual
interdependencies exist, and depending on how the transport system is utilized, this directly
affects the three success factors: customer service, capital tied-up and total costs.

Understanding of the intersections between the components ease the decision making and
increase the performance of the transports. Between the different layers, where each
component intersects, two types of markets exist. The transport market constitutes a demand
for which material flow needs to be transported or moved from point a to b and where
available and suitable transport modes provides the supplying load unit. Depending on the
amount or types of transport flow in the system, it requires a certain capacity usage on the
infrastructure which creates the traffic market. The capacity of the infrastructure determines
the limitations of the vehicles and the amount of goods that needs to be moved within the
system (Lumsden 2006).

3.2 Transport modes

Transportation is a major function for enabling flow of goods between sender and receiver,
due to its ability to connect all the nodes in the transport network and enhance the
geographical coverage. In foreign transports, sea transport is dominant since it is able to
absorb big volumes over long distances. In comparison to domestic transportation, where
road is most commonly used due to the flexibility in door to door deliveries (Llano, De la Mata,
Diaz-Lanchas & Gallego 2017). Depending on the context, different outcomes are achieved by
the choice of transport modes, both in combination as well as in isolation. Due to the various
demand of transports and goods flow, requires differences between the modes in how they
are utilized in order to support their specific needs (Hao & Yue 2016). Goods owners and
manufacturers has an emerging tendency to minimize cost and enhance the efficiency by
involving specialized actors who conduct the movement of goods (i.e. third party logistic
provider). This section intends to give the reader a description over the different
characteristics each transport mode possess.

3.2.1 Road transportation

Road transportation is the main mode of transport since it offers both connectivity and
flexibility, i.e. enables door to door transport due to the design of the infrastructure and with
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the availability of vehicles to meet the demand. Rodrigue, Comtois and Slack (2015) describe
that the infrastructure, with its growth in spatial coverage, provides an extensive area to
operate on which makes the road transport superior to others. Jonsson and Mattsson (2011)
support this by discussing road transport as the most significant alternative in deliveries in
clustered markets or delivery to end customer. Lindgren & Vierth (2017) discuss high valued
(e.g. electronics) and time sensitive goods (e.g. food) as typical characteristics in demand for
road transport, since a decrease in the factors capital tied up and lead time are achieved.

The main drawbacks with road transport is the consumption of fossil fuels, noise and
congestion on the roads which affect the reliability in the deliveries (Rodrigue, Comtois &
Slack 2015). Road transportation is used in various transport setups, long- and short distances
and low- and high value goods, where they compete or are mixed with rail and sea, e.g. road
and rail/sea compete on low value goods and high volumes, where the transport economy is
comparatively lower in shorter distances for road (Jonsson & Mattsson 2011).

3.2.2 Rail transportation

Jonsson and Mattsson (2011) describe that rail transport in relation to road, is able to carry
heavier loads over long distances in relatively high speed. But similarities exist in how the
transport mode is constrained by its physiography. The effect is that transports are often
constrained between two terminals where the goods are further distributed by road or sea
to the end destination.

Terminals for transhipment and rail systems are heavy investments that occupate large areas,
and the trains are operating in fixed routes constitutes the major drawbacks (Rodrigue,
Comtois & Slack 2015). Reis (2014) describe the constraints in both rail capacity and the fixed
scheduled, and how this is affected by an increase in demand which lower the flexibility.

However, advantages in fuel economy reflects its attractiveness to support other modes in a
transport chain to minimize costs, i.e. the break-even distance (Bhattacharya, Kumar, Tiwari
& Talluri 2013). Due to its large capacity, fuel consumption per load unit are low in relation to
road transports which makes it a green inland mode (Rodrigue, Comtois & Slack 2015).

3.2.3 Sea transportation

This mode of transport absorbs the biggest volumes per shipments compared to road and rail,
but are limited with transport only between harbours (Lindgren & Vierth 2017). The capacity
of the shipments and the use of infrastructure enables low operating costs due to economies
of scale. Preferably, large volume and low valued goods over longer distance are suitable for
sea transports, where no other effective transport mode is able to compete.

Rodrigue, Comtois & Slack (2015) points out the globalisation and the increased demand for
long distance and high-volume transport in combination with the containerization lead to a
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development in maritime businesses to adapt to the new market changes. There still exist
drawbacks with the duration of the transports, as well as the loading and unloading processes
which are time consuming and requires planning and suitable infrastructure for performing
necessary activities.

3.2.4 Inland waterway transportation

Looking at the current state of domestic transportation in Sweden, it is easily identified that
the IWT is not used to any greater extent. In 2016, road transport accounts for 88 % of the
domestic transports whereas rail transports (9%) and domestic sea transportation (3%), in
which 0,7% is transported on IWW accounts for a much smaller share (Garberg, 2016). There
is an underutilized capacity in fairways, locks and ports and the waterways in, or close to,
cities are not utilized to the extent that is possible (Garberg, 2016).

IWT could be the basis for the future of intermodal transport chains in Europe, because of the
characteristics of the transport mode that enables shipping of large amounts of goods in
combination with price advantages (Mircetic et al. 2017). Policy makers from different levels,
European to regional, emphasize the importance to stimulate IWT as a part of the intermodal
transport chain (European Commission, 2018). Promoting IWT is a long-term priority within
Europe in order to achieve a sustainable transport system (Caris et al.,, 2014). The IWT
currently plays an important role in the hinterland connectivity of major Western-Europe
seaports. However, since the last decades of the twentieth century, a trend towards an
increase of road transport can be identified (Konings & Wiegmans, 2016). At the same time,
the share of transports conducted by rail and inland waterways is decreasing, even though
there is consensus regarding the importance of the use and development of inland waterways
as a mean of transporting goods in our total freight transport system.

In Europe, roughly 14.000 km of the available 29.000 km of IWT are utilized (Mircetic et al.,
2017). Of the 1.500 ports located in Europe, a majority is located in the Trans-European
Transport Network (TEN-T) corridors. Looking at the use of IWT on waterways from a global
perspective, a majority is underdeveloped and underutilized. In the case of Sweden, IWT and
coastal shipping has historically played an important role for the Swedish transportation
system and industry (Garberg, 2016). As the road- and railroad traffic has been developed,
IWT has had problems in competing for the necessary goods volumes to make it competitive
in relation to the other modes of transport. Garberg (2016) further explains that lead time,
flexibility, frequency and especially price, which is directly decisive, are factors that affects
the choice of transport to a greater extent than before. The inherent characteristics of IWT in
combination with the prevailing cost structure means aggravating circumstances, especially
with low volumes of goods. IWT represents the only mode of transport that is not directly
affected by congestion and brings a very high energy efficiency, reliability and safety, yet the
potential increase in use of IWT is not fully explored. However, inland waterway navigation is
not considered as a truly competitive mode of transport compared to the others (Mircetic et
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al., 2017), due to the fact that there are still several barriers that needs to be overcome. These
barriers include e.g. lack of integration and fragmentation of its infrastructure together with
operational, political and technological aspects that hinders more intensive growth. More
about challenges and barriers connected to IWT in Sweden will be accounted for in the
following section.

3.3 Comparative advantages of transport modes

European logistics actors think that road transport is more favourable than sea- and rail
transports when it comes to flexibility, reliability, frequency and safety (Lindgren & Vierth,
2017). The favouring of road transports stems from the advantage of being able to reach all
customers, adapt to changes in the traffic and the vast availability of trucks to respond to
changes in demand, i.e. flexibility (Reis 2014). It is possible to order a transport carried by
road with short notice and control the departure- and arrival times, whereas the other modes
of transport are tied to predetermined schedules and fixed routes. At the same time, the
trucks are limited by the maximum allowed weight and thus cannot transport large amounts
of bulk cargo to an acceptable price. The same constraint limits the distance of which road
transports are economically viable. Looking at rail- and sea transportation, they have a
superior loading capacity. The tonne-km cost decreases with increasing volumes and can
therefore offer competitive advantages. Sea transports also offer the advantage of not being
affected by infrastructural capacity constraints. Table 3.1 summarizes the comparative
advantages of the transport modes.

Platz (2008) mentions the specific performance attributes for IWT, where it outperforms road
and rail transports. IWT is able to absorb large volumes, lower the transport cost per load unit
(i.e. low energy consumption), high safety, less harmful emissions, decrease noise and
external effects on the environment. On the other hand, IWT are facing challenges to compete
with road and rail transportation in speed, connectivity to nodes, flexibility and weather
conditions. In regions which has supportive infrastructure for IWT, comparative benefits are
identified such as low operating costs, high reliability but with the expense of slow speed.
Erceg (2018) concludes the lack of attracting new IWT users as a major issue, and criticizes
the decision-making actors to not take these factors into account when selecting mode
carrier. Wiegmans & Konings (2015) argue that IWT are able to compete with road and rail if
the number of transhipments in their transport chain is reduced, since this have a direct
impact on the transport costs. Caris et al. (2014) implies that the geographical location
constitutes an important role for companies performing freight transport. The
competitiveness for IWT tends to increase with the ports hinterland, i.e. inland waterway
ports contributes to the overall performance of the intermodal transport chain. Hesse &
Rodrigue (2004) points out the extensive growth of infrastructure (e.g. terminals and
highways) as an enabler for road transports to gain shares in the transport market, which
could be similar as for inland waterway development in the future. The authors further
describe the vertical integration between production and distribution where
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interdependencies exists, i.e. using smaller production batches affects the number of
shipments that need to be carried out. In addition, the introduction of the container as a
standardized loading unit made it possible to consolidate goods flow from several actors in
order to obtain economies of scale (Caris et al. 2014). The table 3.1 below summarize the
comparative advantages that exists between the different transport modes.

Road Rail Sea/IWT
Advantages Speed Speed Loading capacity
Low risk of injury Scale advantages Scale advantages
Reliability No congestion
Flexibility
Disadvantages Congestion Capacity constraints Low speed

Table 3.1. Comparative advantages of transport modes. (adapted from: Lindgren & Vierth, 2017)

3.4 Transport quality factors

Taking the perspective of a transport buyer and goods owners, they choose different
transport modes to transport different types of goods (Garberg, 2016). Flodén, Barthel &
Sorkina (2017) accounts for the factors that affects a modal choice where the authors have
reviewed available literature in the field. They mean that modal choice is a decision that
depends on the combined performance of a number of factors where these factors are
appointed different importance for the decision. A number of key factors are presented in
their study where cost, transport quality, reliability and transport time are factors most
research bring up. However, the range of factors considered in different studies is big, ranging
from including 3-4 general factors up to more than 30 detailed factors. They bring up cost as
the most obvious factor for a modal choice as it scores high in most researches. Also, the fact
that cost is used as a benchmark to evaluate the relative importance of other factors points
out the paramount importance of the price of the transport. After most of the basic quality
requirements are met, e.g. on-time deliveries and transport damages, most decisions are
made based on price.

Flodén, Barthel & Sorkina (2017) present a model for the most important factors in three
overlapping layers with decreasing importance for the modal choice decision: Benchmark,
Qualifiers and Particularities. Here, cost is constituting the benchmark against which the other
factors are valued. They mean that improvements in other factors results in a monetary cost
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which then causes the factors to overlap. A change in of the other factors will influence the
cost. A two-step approach is often used in this decision - when the quality of a transport is
satisfactory the choice is made upon cost. The main quality factors can thus be grouped into
the second layer: Qualifiers. The third layer includes factors of lower importance but that
could be of high importance to individual decision makers. An illustration of the model is
presented below, figure 3.3.

S
Environment

Transport

time Reliability

O Level 1 Benchmark
’ Level 2 Qualifiers
D Level 3 Particularities

Figure 3.3. A graphical representation of the different layers of factors influencing modal choice. (Source: Flodén, Barthel & Sorkina, 2017)

Garborg (2016) also points out geographical and infrastructural prerequisites can eliminate a
certain transport mode, where e.g. IWT often is suitable when either the sender or receiver
is located close to a port. Garberg (2016) also mean that tradition is something that affects
what mode of transport that is used to transport goods. When a goods owner has dedicated
themselves to one transport mode, there is an inherent aversion towards changing this
transportation set up.

The co-founded EU project, LOGIQ found out two types of decision oriented actors in the
decision-making process in determining an intermodal transport mode (Mommens &
Macharis 2014). The first group was cost oriented, here decisions were based upon the lowest
price for the transport (i.e. quality was secondary) and the other group was quality oriented,
they weighted both the factors equally in their decision. Reis (2016) presents in his report the
identified key factors involved in transport mode choice, flexibility, reliability, frequency and
lead time. Below, each of these factors are described in detail.
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3.4.1 Flexibility

This factor refers to the ability of the transport chain to cope with variations in demand and
services (Jonsson & Mattsson 2011). Flexibility could be enhanced due to better forecasting
or encouragement to customer integration of planned volumes and shipments, i.e. increased
resource utilization (Lumsden 2007). A high level of flexibility describes how changes during
transports easily could be maneuvered, e.g. avoiding traffic stocking and areas with high
congestion. Naim, Potter, Mason & Bateman (2006) presents three factors in determining the
transportation flexibility; delivery, volume and access. Delivery and volume concerns
parameters such as consignment size, goods type and distance, whilst the latter one measures
the ability to meet demand when it is needed.

3.4.2 Reliability

The level of reliability is determined by the ability to perform on time deliveries. Reliability is
considered as an important transport quality measurements since this affects the risk of
disruptions in the supply chain (Lindgren & Vierth 2017). Medda & Trujillo (2010) claims that
ports are unreliable and inefficient due to the often capacity constraint and connections to
other modes. Baindur & Viegas (2011) further describe sea transports highly dependent on
the weather condition (e.g. which makes this mode less attractive in comparison to road and
rail. According to the Swedish Maritime Administration (2016), actors are less likely to shift
transport mode which offers a high reliable transport and describe road as the most reliable.

3.4.3 Frequency

Danielis & Marcucci (2007) describe road transport as demand driven and kept away from
fixed schedules, whilst rail and sea transport are controlled by both fixed schedules and
routes, hence these modes are considered to less frequent alternatives (Garcia-Menéndez,
Martinez-Zarzoso & De Miguel 2004). The level of frequency are determinant factors for mode
choice, and it is defined as the amount of completed transport per time unit (Lindgren &
Vierth 2017). A high frequency of transports requires smaller inventories which decreases the
total costs, and enables the supply chain to adjust and respond to unexpected variations in
demand, i.e. increased flexibility. Naim et al. (2006) points out that vehicle speed has a
positive impact on the flexibility factor.

3.4.4 Lead time

Road transport is superior in comparison to other modes of transport to handle door to door
delivery with shortest lead time. This is because sea and rail transport often are more suitable
to use over longer distances, where the focus is to take advantage of economies of scale and
where road transport are not able to compete (Lumsden 2006). Trade-offs are made between
transport cost and time, where lower fuel consumption (i.e. slower speed) decreasing the
costs but affects the transport service due to a lower flexibility (Reis 2016). Nottebom &
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Cariuo (2013) describe slow steaming as a practice to lower the fuel consumption and the
impact on the environment, and at the same time increase the profits. Lindgren & Vierth
(2017) mention goods type and how the characteristics for time and value affects the
transport mode choice. This corresponds to that low valued goods where lead time is
secondary are preferably performed with sea or rail transport. Table 3.2 compare and
summarizes the transport modes towards the transport quality factors mentioned above.

Road Rail Sea/IWT
Flexibility High Low Low
Reliability High-medium Medium-low Low
Frequency High Low Low
Lead time Short Medium-long Long

Table 3.2. Comparison of transport modes over the transport quality factors

3.5 Comparative quality factors of the transport modes

Road transport is seen as the most cost-efficient mode of transport for short- and medium
distances. Both rail and sea transports demand their goods to be handled in terminals for a
modal shift, this implies higher costs in the short- to medium distance interval, where the
economy is no longer beneficial (Reis 2016). The choice of transport mode is instead selected
upon the type and size of the goods type, the frequency of the shipments and within the time
frame of the shipment (Rodrigue, Comtois & Slack 2015; Meixell & Norbis 2008). Reis (2014)
also points out these variables as important decisive factors, but mentions safety and
flexibility as additional services, i.e. availability of vehicles to adapt to market demand.
Furthermore, Janic (2007) and Lu Li & Jian (2018) complement these factors with distance and
reliability as main drivers. The respective quality factors and the different transport modes is
presented in the table 3.3 below.

Transport Quality Road Rail Sea
Frequency High Low Low

Lead time Essential Secondary Secondary
Distance <300 km >300 km >300 km
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Table 3.3. Comparative characteristics of transport modes
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3.6 Commonly transported goods types on IWT

To understand what type of goods that is suitable for IWT, statistics of the most commonly
transported goods types on IWT are examined. This information is provided by Vanerhamn
and Eurostat (2018) and is visualized in the figure 3.4 below.

Vidnerhamn (2018)

= Wood products
= Products of agriculture
_39% = Petroleum
Ores
= Other
u Stone, clay and glass
= Metals
= Chemicals

= Salt

= Coal and coke

Eurostat (2018)

= Metal ores

= Coke and refined petroleum products

= Products of agriculture
Chemicals, rubber and plastics

= Coal and petroleum

m Unidentifiable goods

= Basic metals and; fabricated metal
products

= Other

= Secondary raw material and wastes

= Food products, beverages and tobacco

Figure 3.4. Distribution of goods types handled in Vdnerhamn and EU according to Eurostat (2018)

3.6.1 Bulk goods

Dry and liquid bulk goods is considered as the main goods for transportation of IWT. Typical
characteristics for this type of commodities are the possibility to transport large volumes per
shipment (i.e. consignment size) which require less focus on the transport lead time.
Wiegmans & Konings (2016) mentions six types of goods types (ore, coal, chemical-,
petroleum products, sand and gravel) that are suitable for IWT transport due to their specific
characteristics. These goods flows are typically transported in large consignment sizes to
lower operating costs (i.e. economies of scale), over long distances (except for sand and
gravel) and between seaports or industry plants.
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2.6.2 Containerization

Containerization enables an increased operational efficiency which enhancing the
performance over the transport. This loading unit provides smooth shifts between transport
modes, since it is able to hold the cargo through the whole transport chain (Neise 2018).
Wiegmans, Witte, Spit (2015) discuss the importance of inland ports and their ability to
support container handling in their terminals in order to increase hinterland competitiveness
of larger ports. Inland port terminals are then needed to provide efficient intermodal
connections with the objective to mitigate the congestion and container handling in larger
ports, which also have a positive effect on the reliability factor. Wiegmans & Witte (2017)
presents factors for evaluating the performance of an inland port terminal, which are divided
into internal and external factors. The internal factors are influenced by the infrastructure
and level of operational equipment (e.g. capacity or operational related), and where external
factors comprehends the level of coordination and integration of processes between actors
involved in the transport chain (Wiegmans & Witte,2017; Caris et al., 2014). Neise (2018)
further explains the growth in containerization as a major reason for the increasing volumes
in global trade. Consequently, all types of goods are preferably used in container transport
nowadays (e.g. and reduced transport costs are possible to achieve.

In the report written by WSP, a visualisation of a SWOT-analysis was presented. This in order
to highlight different aspects affecting an establishment of container transportation with IWT
on lake Vanern and Géta Alv river. A visualisation of the presented SWOT-analysis can be
found in figure 3.5 below.

Strengths

Weaknesses

- Strategic location, close to export- and import
goods

- Good connecting infrastructure

- Terminal functions in ports

- Acceptable frequency available

- Cost calculations makes container shipping
viable

- Collaboration between shipping companies is
possible

Opportunities

- Capacity contraints in land infrastructure

- Direct transportation to large European ports
- Effects of the sulphur directive

- Renovation of bigger locks

- Political subsidies for the transfer of traffic
from land to waterways

- Underutilized capacity and sustainable
transport mode

- Fragmented logistics market in control of
forwarders

- Demands change in transportation setup from
the industry

- Demands long-term availability of goods
volumes

- Limited volumes results in limited economies
of scale

- Long lead times for containers on IWT

- Empty container positioning

Threats

- Swedish IWT framework differs from European
framework

- Aggravating control of IWT framework from
authorities results in uncertain rules for IWT

- Trend towards consolidation of goods to bigger
ports

- Trend towards bigger feeder vessels (can also
be an opportunity)
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Figure 3.5. SWOT-analysis of container transportation on lake Vénern. (Adapted from: WSP, 2015)

3.7 External costs of IWT

When comparing the sustainability of the different transport modes from a broader
perspective, the external costs generated is useful to assess. Caris et al. (2014) discusses the
external costs of IWT and mean that the most important categories are climate change, air
pollution, noise, accidents and congestion. Additionally, up- and downstream activities may
account for a significant share of pre-combustion processes related to fuel consumption.

In general, IWT is performing well from an external cost perspective, but there are certain
areas where the results are not as good and areas where it is lagging behind in the
development (Caris et al., 2014). Looking at the positive aspects of IWT, the external noise
and accidents are negligible. Environmental costs are very much related to energy efficiency
where IWT clearly outperforms both road and rail in bulk cargo and container transports. CO2
emissions are better than for road transports, but SO2, PM and NOX are worse. The
sustainability advantage of IWT is under pressure as the development of the other modes is
at a more rapid pace. However, IWT can sustain its advantage with additional efforts, where
e.g. the external cost calculator for the Marco Polo project takes several alternative fuel
technologies into account which shows a wide range of possible environmental
performances, depending on which technology used, type of ship and its freight capacity
(Brons and Christidis, 2013). Table 3.4 displays which externalities that each transport mode
is generating.

Externality

Air pollution X X X
Noise pollution X X
Climate change X X X
Accidents X X
Congestion X X

Table 3.4. Transport modes and their external effects. (Constructed from Caris et al., 2014)

3.8 Barriers and key issues for IWT in Sweden

Rogerson & Santén (2018) describe the main barriers and key issues for IWT, specifically for
the Swedish setting. These can be grouped into four main categories: regulatory, financial,
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service quality and market characteristics. What specific externality these categories account
for is summarized in table 3.5 below.
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Externality

Regulatory Uncertainty in regulations, piloting and fairway fees, agreements with dockers/stevedores for transhipments,
investments in infrastructure of other modes, regulations for competing transport modes

Financial Competitiveness with other transport modes - large trucks and developed railway system, Pre/post haulage costs,
additional handling costs, port charges, fairway dues, piloting fees, Fee structures of other transport modes,
Uncertainty in costs makes it hard to perform calculations, Investment costs and financial risk in new projects,
Lack of qualified personnel

Service quality Key criteria: cost, lead time, reliability, transport quality, Long lead times vs. Road transportation, especially
transhipments, Crane availability, Frequency, Reliability - prioritization of transhipments in ports, Resistance to
change transport mode

Market Volumes of goods required, Competition from other modes - price competition is hard due to differing fee

characteristics structures, Conditions of waterways - requirements for vessels, water levels and bridge heights, bridge
prioritization, Vessels adapted to waterways and weather conditions - specialized vessels result in limitations,
Business models - financially successful for containers, Environmental concerns - other transport modes
developing faster

Table 3.5. Barriers and key issues for IWT in Sweden. (Adapted from Rogerson & Santén, 2018)

3.9 Models for evaluating goods flow potential

Meers & Macharais (2015) describe different tools that can be used when evaluating the
potential modal shift of a region. Such macro-tools are useful in preparatory phases when
scanning a region for modal shift potential and most suitable goods flows. They summarize
different models developed for this purpose and describe which determinants used in those
models. This gives a hint of which factors to consider when evaluating potential modal shifts

in a region. An overview of these determinants is given in the table 3.6 below.

Time Transport Transport Goods’ Transport Accessibility
component | volume (] X 14147 characterist | distance
ics

Rusch (2001) X X X X X X
Blauwens et al. X X X X X X X
(2006)
Jordans et al. X X X X X
(2006)
Flodén (2007) X X X X X X X X
Tsomboulas et al. X X X X X X X
(2007)
Bottani and Rizzi X X X X X
(20007)
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Macharis et al. X X X X X
(2010)

Meers & Macharis X X X X X
(2015)

Figure 3.6. Overview of determinants for modal shift included in previous studies. (Adapted from Meers and Macharis, 2015).

3.10 Intermodal transportation

In 2007, the European Commission took action against road transportation by creating
transport policies which promote greener modes of transport, e.g. utilization of inland
waterways. The solution was to enlighten actors regarding intermodal transports with respect
to the advantages that could be gained (Macharis 2011).

Intermodal freight transports are described by Crainic & Kim (2007) as goods transportation
between origin and final destination, that utilize at least two different transport modes in a
consecutive transport (road, rail & sea) without changing carrier type. Lowe (2005) describe
that the objective is to reduce road transportation, and instead shift towards more
environmentally friendly transport modes. Lowe (2005) further explain the idea is to benefit
from the different characteristics each mode possesses in different transport solutions. Rail-
and sea transportation are more profitable and environmentally in cases of longer transit
time, but where road transportation is dominant due to the flexibility and ability to
complement other modes where no railway or waterway exist.

At the same time, the company need to remain competitive through providing time and cost-
efficient transport solutions without interfering with the sustainability factor (Lowe, 2005).
Recently, transport companies have shifted their focus from sub-optimizing their transports
(i.e. cost-efficient) and instead looking beyond their own interest and integrate other actors
in the transport chain. In this way, all actors could gain knowledge and benefit from other
competencies to develop processes together (Bhattacharya et al. 2014). Intermodal
transports are today seen as a prerequisite in handling goods movements from door-to-door,
which indicate the importance of integration and commitment from the actors. Jacobsson,
Arnds & Stefansson (2017) agree with this trend, and presents an identified area in the
intersection between the actors. Since the intermodal transport chain is considered as a
complex operation with often several actors, solid processes need to be in order. The crucial
activity to reconsider are transhipments, which need to be supported by processes to
enhance efficiency and cost. To handle congestions, the unloading/loading activities need to
be govern and planned in collaboration, generating a better flow and accessibility to terminals
for other modes.

The implementation of standardized container flows made it possible to perform cost and

time efficient transhipments, and are a vital component for promoting intermodal shifts. For
example, the higher cost of transhipment (in relation to road) to barge transports on inland
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waterway are recaptured, especially in larger distances, since barges are able to take
advantage of economies of scale and lower the haulage costs (Macharis 2014).

Barge transports on inland waterways can provide safer transports of hazardous goods due
to their unutilized capacity. Barge transports are constrained by their substantial need of
infrastructure, which indicates that supplier and/or customers preferably need to be located
nearby inland waterway ports. This limit the modal choice options in the pre- and post-
haulage (Mommens & Macharis 2014).

From a socio-economic perspective, the reduced amount of road transports will lead to lower
noise levels as well as reduced congestions in and around ports areas since the emissions of
fossil fuels are transferred to less energy consuming vehicles, such as rail or sea. The issue
with port congestion could be mitigated, hence the importance of assessing all transport
modes available (Lowe 2005).

According to the literature, the key beneficial outcomes of intermodal transport are:
e reduced emissions of fossil fuels
e |owered noise and energy consumption
e alleviation of the imbalances in the transport infrastructure
® increased safety of hazardous goods

3.11 Hinterland transportation

The continuing growth of container transports are affecting the performance in ports due to
increasing volumes to handle. The globalisation creates a higher demand for worldwide
transports, which puts challenges on the ports to comprehend with this actuality. As a
consequence, port congestion is identified as a major issue, since it especially has impact on
the scheduled activities that are performed in the port (Visser, Konings, Pielage & Wiegmans
2007).

The increasing containerisation at the ports creates pressure to increase the capacity in order
to raise the productivity, but this alternative demand heavy investments and requires space,
which often is limited in urban areas (Roso, Woxenius & Lumsden 2009). Since ports often are
located in connection to larger cities, precautions and regulations for the environment needs
to be followed. Alternative solutions emerge in order to enhance the competitiveness of
ports, where Visser et al. (2007) advocate hinterland transports as an enabler to reduce the
congestion in especially the ports, as well in the whole transport infrastructure.

The hinterland accessibility is defined as the ability for the port to reach the inland markets,
i.e. offer integrated connections to provide an effective and reliable supply chain (Franc &
Horst 2010). To integrate the port with intermodal activities and in turn create efficient and
coordinated actions, the key success factor lies within the level of commitment from the
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involved actors. In this way, ports are able to govern and cope with delays and the inherent
deviation that exist in the sea transportations. Zweers, Bhulai & Van Der Mei (2018) mention
barges as the main transport mode for hinterland container transport, because the
characteristics offered (e.g. less emissions and lower costs) are most suitable in comparison
to rail and truck.

4. Goods flow mapping

This chapter will present the secondary data, visualised with maps, tables and diagrams. The
chapter is further divided into sub-chapters that will focus on the specific counties included
in the study: Vistra Gétaland, Varmland and Orebro and also how they interact with each
other. In each section, visualisations and data are presented in order to highlight significant
information. No data selections (filtering) has been made, which means that all information
available is presented. The last section in this chapter will investigate the potential in respect
to suitable IWT goods identified in order to have sufficient data to provide an answer to the
first research question.

The first sub-chapter provides a holistic view and is intended as an introductory chapter. The
data is presented on an aggregated level and highlights significant shares of the volume. A
division between domestic flows and import/export flows has been made. For the domestic
flows, origins and destinations together with the goods types with respective commodities
are presented. For the import- and export flows, the industry is also included.

The following sub-chapters present each of the counties in more detail and are instead
divided into sections describing inbound- and outbound flows separately. Here, more
variables are included: origins and destinations, goods types and commodities, business
types/industries and transport modes and goods carriers are presented.

The data of the commodities are set as a subgroup to the goods types, e.g. roundwood is a
product from agriculture, forestry and fishing

4.1 Introduction - Total goods flows

The total volume of transported goods in the secondary data is summarized to 128 million
tonnes, see figure 4.1. Dividing all the goods flows on three categories based on direction
shows the following distribution: Domestic (58%) represent the goods flows that stay within
the Swedish borders, either with destinations in one of the three counties (inbound), or
origins in one of the three counties (outbound). Import flows (23%) represent the inbound
flow with origins outside Sweden with destinations in the three counties. Lastly, the export
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flow (19%) represents the outbound flow with destinations to foreign countries, with origins
in one of the three counties.

Total goods flows

37 870 337
36 003 977
29 790 907
I 24 473 462
Import Inbound domestic Oubound domestic Export
Figure 4.1. Total goods volume divided between the flows
27543 003
25924900
22054 328
20268 243
7314878
6114976 6634711 oo a1
2654359
1818844 1550 860
. H 00 -
Vistra Gotaland Virmland Orebro

mmport  ®Inbound - domestic  ® Outbound - domestic ~ m Export

Figure 4.2. Bar chart of inbound- and outbound goods flow in respective county

Looking further into each county, significant differences exist in where the volume is
allocated. Vastra Goétaland represent large share of the volume, followed by Varmland and
Orebro. The data is divided between each of the counties and the respective volumes of
inbound and outbound goods flows are shown in figure 4.2 above.
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4.2 Domestic goods flows - Inbound

This section presents the goods flows with destinations in one of the counties. It identifies
where goods are received for consumption or storage and represents the inbound flow for
domestic shipments. The total inbound domestic goods flow for this data selection is
summarized to 36 million tonnes and figure 4.3 below shows the counties respective share of
the inbound volume.

Receiving counties of domestic goods

18,43% 20,32%
= VARMLAND
= VASTRA
GOTALAND
= OREBRO

Figure 4.3. Distribution of inbound goods flow between selected counties

The map visualization in figure 4.4 below illustrates the domestic inbound goods flow in the
regions. The bar charts included provide information regarding top 10 receiving and sending
municipalities based on total weight.

@ VARMLAND @ VASTRA GOTALAND @ OREBRO Top 10 sending
municipalities (tonnes)

Lnlleha'mme.' GOTEBORG s 5,902,950
SKOVDE M 1,477,165
e ey LYSEKIL mmmmm 1,248,094
KARLSTAD N 838,411
HALMSTAD mmm 755,023
TORSBY W 709,209
HELSINGBORG W 693,800

Uppsala LINDESBERG WM 645,636

Q
© * ASKERSUND

Visterds 122
(0]

— LIDKOPING N 615,954
&o Stockholm

Q Top 10 receiving

municipalities (tonnes)
GOTEBORG I 5,663,039

GRUMS NN 2,365,983
LINDESBERG W 1,641,203

Hamar?*

Oslo
"
Jrammen

sberg

B

Nykoping

Linkoping

emrak
SKOVDE mmm 1,378,885

OREBRO [N 1,253,232

Visby LIDKOPING [ 1,199,755

BORAS W 1,104,391
. KARLSTAD [ 1,058,304
borg - ~

Vaxjo HAMMARO B 909,622
ASKERSUND [ 900,954

Figure 4.4. Map visualisation of municipalities with inbound domestic goods flow

41



Clustered areas of consuming entities appear around larger cities and to highlight the top 3
receiving municipalities, the following is revealed. The largest share of the goods received in
Gothenburg are transported from locations within the county, especially from Gothenburg
(45%) and Lysekil (13%). The construction industry is transporting the largest share of the
volume transported to Gothenburg, followed by the wholesale- and the manufacturing of
metal goods industry.

In Grums, almost 56% of the received volume originates from municipalities within the same
county, i.e. Varmland, except from the largest contributor - Hallefors which is located in
Orebro. The industry in Grums are within the wood and paper industry and is mostly receiving
commodities from the goods type products from agriculture, forestry and fishing.

The industry with largest volume in Lindesberg are within wood and paper (85%) and
manufacturing of metal goods, machinery and transport (7%). The goods are sourced mainly
from Orebro (37%) and surrounding counties such as Vastmanland, Gavleborg, Sédermanland
and Dalarna transported by road (93%) and rail (7%).

4.2.1 Goods types and commodities

This section presents the goods types and commodities with destinations in the selected
counties. The visualisation of the goods types in figure 4.5 includes all inbound domestic data,
whereas figure 4.6 only shows the top 10 commodities, representing approximately 76% of
the total goods volume in the counties. The following sections will provide information of the
goods types and commodities with the largest shares.

Receiving goods types

0,91%

® Products from agriculture, forestry and fishing
3,95% 2,27% \ 0,01% m Soils, stones and building materials
m Solid and liquid fuels ind. tar
4,76% M Food, beverages and tobacco

= Wood and products of wood and cork

= Paper and pulp
= Metals and metal products excluding machinery and equipment

m High-value goods

= Unknown

= Chemical products (not consumer goods, eg pharmaceuticals)
= Ore and other products from extraction (not soil, stone, gravel

andsand and peat)
M Crude oil, natural gas and coal

Figure 4.5. Allocation of consumed goods types in the selected counties

The largest volume is found in the goods type products from agriculture, forestry and fishing
where the destinations are found primarily in Varmland (41%). The commodity with the
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largest volume is roundwood, where 83% are consumed in Grums (wood and paper industry)
with connections to Orebro and Dalarna.

A majority of the inbound volume is supplied by road transportation and the largest industries
are wood and paper (67%), agriculture, forestry and fishing (13%) and manufacturing of
consumer goods (11%). Most of the businesses within the wood and paper industry are
located in Varmland and Orebro. The biggest volumes within the agriculture, forestry and
fishing industry have destinations in Vastra Gétaland and Orebro where the main contributor
of this is Torsby in Varmland. The manufacturing of consumer goods industry is located in
Vastra Gotaland, with large volumes transported to Lidkdping, Falkoping and Skévde, Gotene
and Boras.

Soils, stones and building materials are transported by road transportation, with destinations
in Vastra Gotaland (91%). This goods type is provided by the construction industry with
commodities such as soils, stones, gravel and sand, other building materials (not metal and
wood) and cement, lime and plaster.

The goods type solid and liquid fuels incl. tar is either transported by road (56%) or sea (44%).
Almost all volume consists of the commodity liquid refined petroleum products, with
destinations in Gothenburg and Lysekil.

Top 10 receiving commodities

Roundwood I 9 500 860
Soils, stones, gravel and sand INEEEEGEGGGGNGNGNGGE S 096 729
Liquid refined petroleum products IEEEEE—————_ 3 691 605

Other building materials (not metal and wood) IS 1 588 518

Other foods and tobacco products I 1 582 217

Sawed, planed wood products IS 1474 131
Iron and steel N 1 255 689
Cement, lime and plaster N 1 249 956
Paper, cardboard N 1 141 342

Dairy products, drinks and ice cream M 957 563

Figure 4.6. Top 10 commodities consumed in the selected counties

The commodity roundwood represents 26% of the inbound volume (see figure 4.6), where
destinations within Varmland corresponds to half of this volume, most of the volume is
transported in Grums due to the typical business type.

Looking into the commodity soils, stones, gravel and sand, where all transports are done by
road carried as solid bulk goods (85%) or in large freight containers (13%). Vastra Gotaland
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stands for almost 95% of the consumed volume, especially in Gothenburg (59%), Skovde
(14%) and Lerum (8%).

The commodity other building materials (not metal and wood) are supporting the
construction industry with the largest volumes. These transports are performed by road,
where half of the volume is palletized goods. 89% of this volume is received in Vastra
Gotaland, mainly in Gothenburg and Boras. These goods flows have origins in Vastra Gétaland
(60%) or from the southern part of Sweden, Halland (18%) and Skane (7%).

4.3 Domestic goods flows - Outbound

This section presents the goods flows with origins in one of the counties. It identifies where
goods are produced and represents the outbound flow for domestic shipments. The
outbound goods flow in this data selection is summarized to approximately 37.9 million
tonnes. The figure 4.7 below presents the allocation between the selected counties.

Sending counties of domestic goods

16,15%

= VARMLAND
» VASTRA GOTALAND
s OREBRO

Table 4.7. Distribution of inbound goods flow between selected counties

The map visualization below in figure 4.8 illustrates the domestic outbound goods flow from
the regions. The bar charts included provide information regarding top 10 sending and
receiving municipalities based on total weight. They correspond respectively for 52% and 42
% of the total shares.
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Top 10 sending municipalities

GOTEBORG 8052831
LYSEKIL meammmssm———— 2 358 161
SKOVDE s 1 838 303

OREBRO e 1313223
: LDKOPING mmmmm 984 650
Vasteras KARLSTAD mmmmm 981 403
UDDEVALLA mmmm 891 265
LINDESBERG mmmm 863 986
TORSBY mmmm 851923
ASKERSUND = 816 007

Uppsala
v
Stockholm

Nykoping
Top 10 receiving municipalities

GOTEBORG 6273211
GRUMS s 2 108 473

VARBERG s 1816 322
SKOVDE memmm 975 753
UDKOPING wmmmm 898 946
BORAS mmmm 848224
NORRKOPING mmmm 749 561
LINDESBERG mmmm 721932

Visby

TORSBY mmmm 710227

Halmstad (alr -
" L HAMMARD = 682 067

Figure 4.8. Map visualisation of municipalities with outbound domestic goods flow

Outbound shipments from one of the counties are sent to 290 destinations in Sweden, mainly
to municipalities within Vastra Gétaland (40%), Varmland (16%) and Orebro (10%). From
Gothenburg, 21% of the outbound volume can be found. For example, liquid refined
petroleum products are distributed by sea where Lysekil, Karlshamn, Helsingborg, Stockholm
and Norrkoping are receiving most of the volume. A large share of road transportation is also
identified for the outbound goods flows from Gothenburg.

Goods flows with origins in Lysekil is almost solely represented by liquid and refined petroleum
products (95%). These goods flows are transported with either sea (95%) or road (5%). This
could be explained, due to the characteristics, that liquid bulk goods are compatible with sea
transportation since it is able to absorb large volumes. The destinations of this commodity
are spread out between ports in Sweden, receiving the goods and further distribute it as
domestic flows. The remaining share is distributed by road to access nearby municipalities in
Vastra Gotaland (89%), since this mode offers higher accessibility for these distances.

The goods flows originating from Skdvde are either carried as solid bulk goods (54%), in large
freight containers (31%) or as palletized (10%). Vastra Goétaland is the county where most of
the volume are transported to (73%), with largest share allocated in Skovde, Lidkoping,
Falképing and Gothenburg.

4.3.1 Goods types and commodities produced in the regions

This section further presents what goods types and commodities that are produced in the
counties and transported as domestic outbound flows. The visualisation of the goods types in
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figure 4.9 includes all outbound domestic data, while figure 4.10 presenting top 10
commodities represent 80% of the total volume.
Sending goods types

B Products from agriculture, forestry and fishing

B Soils, stones and building materials

® Solid and liquid fuels incl. tar

¥ Food, beverages and tobacco

B Wood and products of wood and cork

B High-value goods

B Paper and pulp

B Metals and metal products exduding machinery and
equipment

¥ Unknown
Chemical products (not consumer goods, eg
pharmaceuticals)

B Ore and other products from extraction (not soil, stone,
gravel and sand and peat)

Figure 4.9. Allocation of produced goods types in the selected counties

Products from agriculture, forestry and fishing represent the largest produced volume, where
largest share are identified in Torsby, Hallefors, Hagfors and Arvika. Notable to mention, there
exist 77 sites in total, and 49 are located in Vastra Gotaland which also accounts for largest
share (46%). Rail transportation with origins from Hallefors, Falkoping and Uddevalla of the
commodity roundwood corresponds to 8% of this goods type where the top destinations are
Varberg and Grumes.

Top 10 sending commodities

Roundwood INEEEENNNNNNNNNNNNNNS——— 11 164 907
Liquid refined petroleum products GGG 6 203 792
Soils, stones, gravel and sand I 4 963 020
Other building materials (not metal and wood) N 1673503
Other foods and tobacco products HEE 1 492 892
Cement, lime and plaster N 1278 844
Sawed, planed wood products B 1072329
Grain N 994104
Other W 846302
Wood chips, wood / saw waste, eg chips,... Il 786 320

Figure 4.10. Top 10 commodities produced in the selected counties

Roundwood is either transported by road (91%) or rail (9%). Varmland is the largest receiver
of this commodity (40%) with large shares in Torsby, Hagfors, Arvika and Filipstad. The wood
and paper industries, consuming mostly of this commodity are located in Grums, Varberg,
Torsby and Hammaroé.
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Liquid refined petroleum products only origins from Vastra Gotaland (96%) and Varmland
(4%). Sea transportation represents 71%, whilst road transportation is the remaining 29%.
The largest flows are transported from Gothenburg (49%), Lysekil (44%) and Karlstad (4%) and
the largest receiving municipalities are Goteborg (25%), Norrkdping (7%), Lysekil, Karlshamn
and Gavle with (6% each).

The majority of the volume of soils, stones, gravel and sand is produced in Vastra Gotaland.
especially in Gothenburg (62%), Skévde (15%), Moélndal and Alingsas (7% each). Almost all of
volume is transport with road as transport mode, with origins in Vastra Gotaland. Up to 93%
of the volume is transported to municipalities within the county (Gothenburg, 60% and
Skovde, 14%) and the remaining volume is spread out to all of the other counties.
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4.4 Import flows

This section presents the import goods flows with destinations in one of the counties. It
identifies where goods are received for consumption or storage and represents the inbound
flow for import shipments. The total weight in this data selection is summarized to almost
29.8 million tonnes and the top five contributors account for approximately 75%. Russia,
Norway and Denmark account for the largest shares, followed by Great Britain and the
Netherlands. The commodities with large consumed volume are crude oil and liquid refined
petroleum products, which together stands for 84% of the volume. In figure 4.11, the
distribution of imported goods volume to the selected counties is shown.

Receiving counties of imported goods

m VASTRA GOTALAND
= VARMLAND

= OREBRO

Figure 4.11. Distribution of the imported volume to the receiving counties

The map visualization below in figure 4.12 illustrates the import inbound goods flow to the
regions. The bar charts included provide information regarding top 5 import markets and
commodities based on total weight.
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Figure 4.12. Destinations in each region of imported based on their goods flow
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The 10 largest receiving municipalities stands for 95% of the total imported volume and the
respective shares are shown in the figure 4.13. Significant volumes are allocated to
Gothenburg and Lysekil since the ports located here function as main gateways to ocean
traffic. This is explained by the data, since it shows that up to 86% of the imported data are
transported on the sea to the Swedish market.

Top 10 receiving municipalities of imported goods

GOTeBORG NN 13 620 434

LysexiL I 10 120 707
STENUNGSUND [ 2 314 655

GRUMS [l 1016093

KARLSTAD 1 316503
ARIANG | 183410

LINDESBERG | 164 119

HAMMARO | 153985

UDDEVALLA | 152901

SKOVDE | 146831

Table 4.13. Top ten municipalities based on import

Russia is the main import market for crude oil and liquid refined petroleum products, with a
large share of the total volume with destinations in Lysekil (86%), Gothenburg (9%) and
Stenungsund (5%).

80% of the imported goods from Norway is transported by sea with destinations in
Gothenburg (77%), Lysekil (21%) and Stenungsund (2%). The remaining 12% are transported
by rail, to industries within wood and paper and agriculture, forestry and fishing with
destinations in Grums and Lindesberg. The commodities received consist of roundwood and
wood chips, wood / saw waste, e.g. chips, pellets.

The goods from Denmark are imported with sea (96%) and road (4%) transportation. Goods
transported by sea are equal to the flows from Russia and Norway, i.e. liquid bulk goods.
Except from these, a smaller share of the commodity chemical and mineral (natural) fertilizers
and salt are imported to Stenungsund. Looking further in the commodities transported on
road, identified destinations of the commodity iron and steel are located in Karlstad and Nora.
To Svenljunga and Vargarda, goods are imported on road to support businesses in
manufacturing of consumer goods and wholesale.
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4.4.1 Industries

Figure 4.14 shows from which industry the goods flows originate from, where mining and
guarrying and manufacturing of consumer goods stand for significant shares. In Lysekil, two
of the world’s largest petroleum companies Preem and ST1 refineries are located which
explains these large volumes from the mining and quarrying sector. From the manufacturing
of consumer goods, 86% are received in Vistra Gotaland, Orebro (11%) and Varmland (4%)
with origins in Germany, the Netherlands and Denmark. The largest imported volumes in the
wood and paper industry are consumed in Varmland (89%), i.e. Grums, Karlstad and
Hammaro6 with goods flows originating mainly from Norway and Lithuania.

Exporting industries of goods

Mining and quarrying IS 18 188 060
Manufacturing of consumer goods I 7 654 932
Wood and paper industry = 1552 874
Manufacturing of metal goods, machinery... mm 1392 324
Agriculture, forestry and fishing 1 262 479
Drug and chemical industry 1 260 117
Wholesale 1 186917
Retail 1 164 754
Construction industry | 98 336
Other 127824
Private/Households | 1957
Private and public service | 333

Figure 4.14. Allocation of the existing business types of the importing actors
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4.5 Export flow

This section presents the export goods flows with origins in one of the counties. It identifies
where goods are produced and represents the goods flow for export shipments. The total
exported volume from this data selection is summarized to approximately 24.5 million tonnes
and the top five export markets (53%) are listed in figure 4.16. The top five commodities are
also listed, notable is that the commodity liquid refined petroleum products stands for the
majority of the volume (63%). Sea transportation absorbs largest volumes (65%) followed by
road (16%), road/sea (14%) and road/rail (5%). The distribution of exported volume between
the counties are shown in figure 4.15, where Vastra Gotaland stands for the largest share.

Sending counties of exported flow

m VASTRA GOTALAND
= VARMLAND

» OREBRO

Figure 4.15. Weight distribution of the sending counties

Top 5 export markets
Great Britain  INEEEEEGEGG— 3 607 739
Norway N 2 970 946
Denmark N 2 281870

Uppsala
Netherfands NN 2 159 487
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Liquid refined petroleum... I 15 504 883

Paper, cardboard W 2140108

o Chemials, chemical products,... 1 1019 962
Vaxjo
Means of transport.. | 920 171
Sawed, planed wood products | 821033

Figure 4.16. Map visualisation of municipalities in selected counties exporting goods

In the figure 4.16, visualisation of all of the 76 exporting municipalities are shown, where
larger volumes are located at the west coast in Vastra Gotaland, more specific in Géteborg
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(36%), Lysekil (30%) and Stenungsund (5%). The top 10 exporting municipalities are presented
in the figure 4.17 below, which accounts for 83% of the total exported volume, with mostly
of the volume exported from the ports. This could be explained since the export data is
designed in the same way as the import data, where goods are distributed to the major ports
identified in Vdastra Gotaland and then further distributed as export flow.

To Great Britain large volumes are exported. These flows are mostly liquid refined petroleum
products (87%), but also paper, cardboard, dairy products, drinks and ice cream, sawed,
planed wood products and chemicals, chemical products, artificial fibers, rubber and plastic
products are commonly exported commodities. Export flows to Norway is transported by sea
(55%) or road (44%). Sea transportation originates from Gothenburg (96%) and Lysekil (4%),
carrying the commodity liquid refined petroleum products.

The Scandinavian countries, Norway, Denmark and Finland together stands for 45% of the
exported volume from Gothenburg, where sea transportation stands for 86%. All goods flows
from Lysekil consist of the commodity liquid refined petroleum products and are transported
to Great Britain (29%), the Netherlands (13%), Spain (8%) and Ireland (7%). From
Stenungsund, the commodity chemicals, chemical products, artificial fibers, rubber and plastic
products (54%) are majority of the volume, together with liquid refined petroleum products
(41%).

Top 10 sending municipalities exporting goods

GOTEBORG I s 713 296

LYSEKIL I 7 311 007
STENUNGSUND [N 1 294 406

GRUMS [ 798 206

LINDESBERG [l 501437

UDDEVALLA [l 399949

HAMMARO [ 380489

ASKERSUND [ 345064
TORSBY M 334902

SUNNE N 275772

Table 4.17. Top 10 exporting municipalities

4.5.1 Industries

Figure 4.18 below presents the allocation between the different industries that are exporting
to foreign countries. Liquid refined petroleum products stand for all volume within the
wholesale business. Great Britain, the Netherlands, Norway and Denmark are main export
markets of this volume. The business type other, which is hard to define, export 82% of the
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volume from Vastra Gotaland. Varmland is largest exporter in wood and paper industry with
63% of the volume, Orebro 23% and Vistra Gétaland 14%. The goods produced are exported
with larger volumes to China, Germany, Norway and Italy of the commodities paper,
cardboard (65%), pulp (13%), roundwood (10%), sawed, planed wood products (9%) and
chemicals, chemical products, artificial fibers, rubber and plastic products (2%).

Exporting business types

Wholeszle s 15 087 967
Other = 4 657 850
Wood and paperindustry mmm 1573 959
Manufacturing of metal goods,... mm 1 070 927
Construction industry m 715 303
Mining and quarrying ® 433 012
Manufacturing of consumer goods 1 352 580
Drug and chemical industry m 337 148
Retail 1211228
Private/Households 129 102
Agriculture, forestry and fishing 12813
Private and publicservice 11573

Figure 4.18. Business types exporting goods

4.6 Vastra Gotaland goods flows

The total goods flows in Vastra Gotaland county account for the largest share of the data
analysed. They are summarized all together to 95.8 million tonnes, divided between
directions, as illustrated in the figure 4.19 below. The goods flows are evenly distributed
between consumption (Inbound goods flow) and production (outbound goods flow), i.e. a
balance in the flow exists.

Vastra Gotaland goods flows

27,543,003
25,924,900

22,054,328
20,268,243

Import Inbound domestic Oubound domestic Export

Figure 4.19. The total goods volume in Vdstra Gétaland divided per flows
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4.6.1 Inbound goods flow

The inbound goods flow, i.e. import and domestic, are approximately 49.6 million tonnes,
almost only transported by sea (52%) and road (41%). Industries consuming larger volumes
are within the mining and quarrying (38%), manufacturing of consumer goods (20%) and
construction (15%), wholesale and retail (6% each). The countries where the largest volumes
are imported from are Russia, Norway and Denmark.

Top 15 receiving municipalities

Top 20 sending municipalities of / A g
. ° SeAotst
domestic goods L4 / % ) )
‘ j .0 GOTEBORG messss— 2 284 523
. 3 LYSEKIL s 10 558 179
GOTEBORG EEE— S 717 120 Y v ° STENUNGSUND mm 2492 679
SKOVDE NN 1348 315 ° SKOVDE m 1525716
- P 29
LYSEKIL N 1223815 v 4 ° UDKOPING W 1227 1
° Al A AR BORAS = 1213882
HALMSTAD W 711185 . ° ° . UDDEVALLA 966544
HELSINGBORG BN 557229 ° ©° FALKOPING ¥ 816 920
MOUNDAL
UOKOPING W 526 355 -, ° . s [
° L] In LERUM | 522559
KUNGALV I 422450 L : ° .‘ _“ AuNGsAS 1 510735
° ~N.
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VgV -
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‘ °® ® o ° KUNGALV | 403 0S1
UDDEVAUA W 339019 ° { ° Py a TROULHATTAN | 354964
o 521" Wnge =
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ASKERSUND W 335127 ® °
o 4 ¢ L4 ° X
S ——
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JONKOPING .
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Figure 4.20. Destinations of inbound goods flow within Vdstra Gétaland

Figure 4.20 presents the destinations of the inbound flows to Vastra Gotaland. Gothenburg
and Lysekil represents the largest receiving municipalities with 47% of the total volume for
this data selection.

The top 15 receiving municipalities accounts for nearly 90% of the total inbound goods
volume. Looking further where the domestic flows originates from, Gothenburg is the main
provider followed by Skévde, Lysekil, Halmstad and Helsingborg.

The sending municipalities are transporting over 22 million tonnes as domestic goods flow,
where large volumes originates from are representing counties such Vastra Gotaland (64%),
Halland (7%), Sk&ne (5%), Jonkdping (4%) and Orebro (3.5%). The data includes 275 different
origins (within Sweden) of goods flow to Vastra Gotaland.

To Vastra Gotaland, large flows of the goods types soils, stones, gravel and sand (33%), liquid
refined petroleum products (19%) and roundwood (7%) can be found. These goods are mainly
transported as liquid or solid bulk goods or in large freight containers.

Vastra Gotaland county are importing 27.5 million tonnes in total. The top 10 import markets

are listed in the figure 4.20, and stands for 90% of the total import. The largest imported
volumes are mainly representing the commodities crude oil (65%) and liquid and refined
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petroleum products (26%). Except from these highly volume consuming commodities, means
of transport (equipment), chemicals, chemical products, artificial fibers, rubber and plastic
products and iron and steel are represented. These goods are often transported as palletized
goods where consuming industries such as manufacturing of metal goods, machinery and
transport and drug and chemical industry are identified.

4.6.1.1 Industries

The largest volumes of inbound flows originates from the mining and quarrying industry and
the manufacturing of consumer goods industry, see figure 4.21. The import flow accounts for
95% of the total volume with destinations to either the port in Lysekil (52%) or in Gothenburg
(46%). Russia, Norway, Denmark and Nigeria are main contributors with a share around 83%.

The goods originating from the construction industry are only from Sweden where road
transports are used for 99% of the volume where goods types are soils, stones, gravel and
sand, other building materials (not metal and wood), cement, lime and plaster and iron and
steel.

Business types

Mining and quarrying I 19,020,078
Manufacturing of consumergoods IEEEEE———— @ 9 846,932
Construction industry I ——— 7,199,232
Wholesale mmm—— 3,293,711
Retail mmm——m 3,123,212
Manufacturing of metal goods,... mmmmm 2 456,115
Wood and paper industry i 2,429,399
Agriculture, forestry and fishing = 874,425
Private and publicservice = 677,487
Drug and chemical industry ® 327,977
Private/Households 1 227,251
Other 1 121,511

Figure 4.21. Distribution between the business types where inbound goods flow originates from

4.6.1.2 Goods types and commodities

The biggest volumes of goods transported to Vastra Gotaland is crude oil which is transported
as import flows with sea transport to the ports in Gothenburg and Lysekil as explained
previously. Goods flows of solid and liquid fuels, incl tar. (see figure 4.22) are 70% imported
and 25% of the volumes have origins in either Gothenburg or Lysekil, which should account
for last mile distribution to the final destination of the goods from the ports. Regarding soils,
stones and building materials, 99,5% is domestic transportation with origins in Sweden, where
approximately 40% is sent within Gothenburg. Food, beverages and tobacco is 90% domestic
flows and 10% import with origins in a wide spread of countries. High value goods have an
even share of import/domestic transportation where significant shares origins from
Gothenburg and Olofstrom. Gothenburg is also the destination for 62% of the volumes in this
goods type. Wood products and products of wood and cork includes 70% sawed, planed wood
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products with 98% of the origins in Sweden. The distribution of the top 10 received
commodities can be seen in figure 4.23 below, which stands for 84% of the inbound goods

flow.

Goods types

3.10%_ 2.18%

3.16%
4.49%

= Crude oil, natural gas and coal

= Solid and liquid fuels incl. tar

= Soils, stones and building materials
Products from agriculture, forestry and

fishing
= Food, beverages and tobacco

= High-value goods
= Wood and products of wood and cork
= Metals and metal products excluding

machinery and equipment
= Paper and pulp

Figure 4.22. Distribution of inbound goods types

Top 10 commodities

CRUDEOIL

Liquid refined petroleum products

Soils, stones, gravel and sand

Means of transport (equipment)

Other building materials (not metal and wood)
Roundwood

Iron and steel

Other foods and tobacco products

Sawed, planed wood products

Cement, ime and plaster

I 17,993,755
IS 10,097,959
4,857,109

= 1,498,453

B 1,414,843
mm 1,320,114
. 1,213,440
1,210,262
. 1,113,205
H 904,328

Figure 4.23. Top 10 commodities inbound goods flow

4.6.1.3 Transport modes and carrier types

Sea transportation accounts for 54% of the goods flows with Vastra Gotaland as destination,
see figure 4.24 where almost everything is imported liquid bulk goods.. The domestic sea
transport are mainly between the ports of Lysekil and Gothenburg, and in small parts from

Pitea, Karlshamn and Stenungssund.

Transport mode
2.65% 1.54%

H Sea

® Road

= Road/Sea
Rail
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Figure 4.24. Weight distribution of the transport modes used

Half of the volume that are transported on road are flows consisting of the commaodities soils,
stones, gravel and sand (24%), liquid refined petroleum products (7%), other building
materials (not metal and wood) (7%), roundwood (6%) and other foods and tobacco products
(6%). Road is clearly the dominant transport mode in the domestic flows and the import flows
are mainly transported by sea. Below, the carrier types used for the transports are presented
in figure 4.25.

Carrier type

5.00% 3.21%

m Liquid bulk goods
u Solid bulk goods
= Palletized
Large freight containers

m Other cargo types

Figure 4.26. Carrier types carrying the inbound goods flow
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4.6.2 Outbound goods flow

From the Vastra Gotaland county, almost 26 million tonnes are produced and transported as
domestic goods flow. The export flows are summarized to approximately 20 million tonnes
which together equals nearly to 46 million tonnes as the outbound goods flow from this
county. The export flows are collected in the same way as the import data, where the ports
in Gothenburg (43%), Lysekil (26%) and Stenungsund (6%) are main contributors to this
volume. The industries producing the largest volumes that are transported as domestic goods
flows are within construction industry (29%), wholesale (21%), wood and paper industry
(17%) and retail (11%).
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Figure 4.27. Origins of outbound goods flow from Vistra Gétaland

The map visualisation in figure 4.27 provide an understanding of where the goods originates
from and where the destinations of the larger volumes are located, a. A clustered area of
businesses is located within the Gothenburg area and in the beginning of the river Géta Alv.
The top 15 sending municipalities listed in the figure above stands for 85% of the total
outbound goods flow, volume producing industries are found within the construction-,
wholesale- and retail industry.

The top 20 receiving municipalities of the domestic goods volume with origin in Vastra
Gotaland are listed in the figure 4.27. Together they account for nearly 65% of the volume.
Sea transportation accounts for 50% of this share with where 48% represents export flows
and the remaining 52% are transported as domestic flow, containing liquid refined petroleum
products. This commodity is distributed to 15 of 21 counties within Sweden, where almost all
volume originates from Lysekil (62%) and Gothenburg (37%).

The top 10 export markets accounts for nearly 80% of the total exported volume. The large
volumes (i.e. 77%) are identified as the commaodity liquid and refined petroleum products with
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origins in especially Gothenburg and Lysekil. Looking beyond at the remaining 23% of the
volume, the goods types are more evenly distributed, with larger shares of high-valued goods,
chemical products (not consumer goods, e.g. pharmaceuticals), paper and pulp, metals and
metal products excluding machinery and equipment and soils, stones and building materials.
The export goods have destinations in 106 different countries.

4.6.2.1 Industries

In the Vastra Gotaland county, wholesale stands for the largest of the outbound goods volume
(44%), see figure 4.28. This industry is transporting their largest volumes (i.e. 94%) of the
commodity liquid refined petroleum products, where nearly 75% are exported to countries
such Great Britain, Netherlands, Norway, Denmark and Finland. The origins of this commodity
are from the ports in Lysekil and Gothenburg.

Business types sending goods

Wholesale I 20 542 752
Construction industry IEEEEG_—— 8 180 823
Wood and paperindustry I 4 600 136
Retail W 3 069 287
Other MmN 2 604 301
Manufacturing of consumergoods mm 2373179
Manufacturing of metal goods,... Il 1548 131
Agriculture, forestry and fishing Bl 1117685
Mining and quarrying M 686 668
Private and public service B 591 460
Drug and chemical industry N 529 493
Private/Households 1 349 229

Figure 4.28. Weight distribution of the existing business type (i.e. producing industries)

The construction industry is only exporting nearly 9% of their volume, with high shares in
Norway and Denmark. The rest are distributed as domestic flows, where 80% of the volume
originates from Gothenburg (48%), Skovde (17%), followed by Uddevalla, MéIndal and Vara
with smaller shares. The destinations of the domestic flows are distributed to all the counties
within Sweden, with around 80% located in Vastra Gotaland. The commodities soils, stones,
gravel and sand, other building materials (not metal and wood) and cement lime and plaster
accounts for 90% of the domestic volume. These are almost completely transported on the
road as solid bulk goods, palletized goods or with a large freight container.

The volumes for the wood and paper industry are within the commodities roundwood (81%),
paper, cardboard (8%) and sawed, planed wood products (5%). Only 5% of the volumes are
exported, mainly to Norway, Germany and Denmark. In the domestic flows, rail accounts for
transporting 12% of the volume with destinations in Varberg, Grums and Karlshamn. Rail are
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almost completely transporting the commodity roundwood on carrier type solid bulk goods
with origins in Falkdping and Uddevalla.

4.6.2.2 Goods type and commaodities

Almost half of the goods volume concerning the goods type solid and liquid fuels incl. tar and
particularly the commodity liquid refined petroleum products. Beside this commodity, which
are highlighted earlier, soils, stones and building materials together with products from
agriculture, forestry and fishing are notable to mention due to their relatively large volumes
(see figure 4.29).

Goods types
2.39% P

2.45%

2.94%_
4.53%
4.65%

Figure 4.29. Distribution of the produced goods types

m Solid and liquid fuels incl. tar

= Soils, stones and building materials

® Products from agriculture, forestry and
fishing
Food, beverages and tobacco

= High-value goods

m Chemical products (not consumer
goods, eg pharmaceuticals)

m Paper and pulp

m Wood and products of wood and cork

The commodities within the goods type soils, stones and building materials are identified as
volume consuming in the construction industry, where almost 80% of the destinations in the
domestic goods flow are located in Vastra Gotaland. The transport mode used are almost
completely by road, mainly on the carrier type palletized. This goods type includes the
commodities that could be seen in figure 4.30, soils, stones, gravel and sand together with
other building materials (not metal and wood) and cement, lime and plaster. The top 10
commodities accounts for 85% of the outbound goods volume.

Top 10 commodities

Liquid refined petroleum products G 21,433,422
Soils, stones, graveland sand I 5,042,400
Roundwood N 4,485,971
Other building materials (not metal and wood) N 1,838,725
Chemicals, chemical products, artificial fibers, rubber and... Il 1,357,406
Cement, imeand plaster m 1,256,263
Other mm 1,079,712
Means of transport (equipment) mE 1,015,517
Other foods and tobacco products B 1,001,232
Grain W 927,784

Figure 4.30. Top 10 commodities with largest produced volume

Products from agriculture, forestry and fishing are representing the commaodities roundwood,
grain, unprocessed milk and other forest raw materials than round wood. Large volumes
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originate from Falkdping, Lidkdping, Uddevalla and Vara, then transported by road (89%) or
rail (8%) to destinations in such Varberg, Lidkdping, Boras and Grums. The industries located
in these destinations are mostly within the wood and paper industry, in manufacturing of
consumer goods or in agriculture, forestry and shipping.

4.6.2.3 Transport modes and carrier types

The figure 4.31 below shows the distribution of the total volume between the transport
modes used in the flows. Road and sea are clearly the main alternative for transporting goods
from this county, where road transports are used within the construction-, wood and paper-
and retail industry whereas sea are mainly from the wholesale industry.

Transport mode

4.50% 1.40%

m Road

H Sea

®m Road/Sea
Rail

Figure 4.31. Distribution of the transport modes in outbound goods flow

For domestic goods flows, road is the main transport mode. The goods are transported on the
carrier types solid or liquid bulk goods or as palletized. Large volumes are produced in
Gothenburg, Lysekil, Skovde and Lidkdping where liquid refined petroleum products, soils,
stones, gravel and sand together with roundwood account for the largest volumes.

In the export flow, sea is the dominant transport mode due to their ability to transport large
goods volumes of the liquid bulk goods within the wholesale industry as mentioned earlier.

Looking into the typical carrier type used in the goods flows are presented in figure 4.32.
Larger volumes are carried as liquid or solid bulk goods, where liquid bulk goods are more

common as export flow and solid bulk goods are majority in the domestic flow.

The goods carried as palletized are mostly represented by food, beverages and tobacco, soils,
stones and building materials and high-value goods.
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2 60% Carrier type

4.85%

m Liquid bulk goods
= Solid bulk goods
Palletized
Large freight containers
u Other cargo types

Figure 4.32. Distribution of the carrier type with largest transport volume

4.7 Varmland goods flows

Total goods flow in the region of Varmland are summarized to approximately 17.9 million
tonnes. In the figure 4.33, the domestic transports are dominant in this region where both
import and export volumes are relatively small. This is explained by the heavy volumes of
wood and paper industry where raw materials are sourced locally and transported with trucks
to the production facilities, often located within the county.

Varmland goods flows

7,314,878

6,114,976
2,654,359
1,818,844 l

Import Inbound domestic Oubound domestic Export

Figure 4.33. Distribution of the inbound and outbound goods flows in Vdrmland

4.7.1 Inbound goods flow

Total inbound goods flows contains both import and domestic transports and are estimated
to approximately 9.2 million tonnes. The wood and paper industry (i.e. 72%) are the most
volume consuming business type which is significant for the entire county, where Grums,
Hammaro, Karlstad and Torsby are consuming the most of this volume.
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Figure 4.34. Map visualisation of the destinations of inbound goods flows in Vdrmland

Notable is that the top three receivers, which accounts for 64% of the volume (i.e. Grums,
Karlstad and Hammard) are located in the same area, in the northwest corner of lake Vanern,
see figure 4.34. Common imported goods types to these destinations are products from
agriculture, forestry and fishing and paper and pulp within the wood and paper industry.

The top 20 sending municipalities above accounts for approximately 5.2 million tonnes, which
are equivalent to 71% of the total inbound flow to Varmland county. Top seven municipalities
are the main contributors to the inbound goods flow, and all are located in the same county.
The data reveals that 60% of the volume origins from locations within Varmland, Vastra
Gotaland and Orebro accounts for respectively 15% and 5% each. There exist 257 different
locations in Sweden where goods consumed in Varmland originates from, mainly from
Varmland (60%) and Vastra Gotaland (15%).

The top 10 import markets accounts for almost 97% of the total volume, equivalent to 1,76
million tonnes. The import flows originates from 38 different countries. The larger volumes
from Norway are transported by either rail or road as transport mode, with final destinations
to Grums, Arjang and Hammaré. The imported commodities are roundwood or chemicals,
chemical products, artificial fibers, rubber and plastic products.

The imported goods flows from Great Britain are using intermodal transport with the

combination road and sea. Karlstad are the main destination of this flow, consisting of the
commodity paper, cardboard which are transported as palletized goods.
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4.7.1.1 Industries

Varmland are synonymous with wood and paper industry where most of the volume is
concentrated (see figure 4.35), due to their geography with large areas of forestry. The largest
volumes are consumed in Grums, Hammard, Karlstad and Torsby. The deforestation are
mainly performed in the north part of the county, in Arvika, Hagfors, Torsby and Sunne.

From Torsby, Arjang and Kil goods flows from the Agriculture, forestry and fishing industry
are transported. This industry entirely use road as transport mode, with the carrier type solid
bulks goods consisting of the commodities roundwood and chemicals, chemical products,
artificial fibers, rubber and plastic products.

Commodities such as liquid refined petroleum products and other foods and tobacco products
represents the retail industry. The largest share of the volumes within retail originates from
Varmland (33%), Vastra Gotaland (25%) and Stockholm (20%). The goods are transported by
road as liquid bulk goods with large volumes consumed in Karlstad and Kristinehamn.

Business types

Wood and paper industry a..-_—-_—_S_—S—_—_—_—_— 6,602,399
Agriculture, forestry and fishing === 604,395
Retail mmm 529,425
Manufacturing of metal goods,... m 358,062
Construction industry m 278,729
Private and publicservice ®m 233,374
Manufacturing of consumer goods m 227,672
Wholesale n 155,096
Mining and quarrying 169,424
Other 28,217
Drug and chemical industry = 27,742
Private/Households 19,187

Figure 4.35. Distribution of the business types of inbound goods flow

4.7.1.2 Goods type and commodities

Figure 4.36 presents the distribution between the different goods types consumed in
Varmland. Largest shares allocated are products from agriculture, forestry and fishing (67%)
together with wood and products of wood and cork (6%) and paper and pulp (6%). The top 10
commodities stand for 91%, see figure 4.37. Commodities representing the goods type
agriculture, forestry and fishing are roundwood, other forest raw materials than roundwood
and grain, with destinations mainly in Grums.

The commodities wood chips, wood / saw waste, e.g. chips, pellets and sawed, planed wood
products are consumed in Karlstad and Grums, and road is the only transport mode for these
goods, i.e. wood and products of wood and cork. Nearly 55% of the goods type paper and
pulp is imported volumes, allocated to paper, cardboard and pulp.
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The commodity liquid refined petroleum products is mostly consumed in Karlstad and
Kristinehamn. The data reveals that Karlstad, together with Gothenburg, Nacka and Lysekil is
supplying this market, and that there exist a form of storage of this commodity in the ports.

Goods types

= Products from agriculture, forestry and fishing

= Wood and products of wood and cork
= Paper and pulp
Soils, stones and building materials
= Food, beverages and tobacco
= Solid and liquid fuels incl. tar

m Chemical products (not consumer goods, eg
pharmaceuticals)

= Metals and metal products excluding machinery and
equipment

6.09%
Figure 4.36. Distribution of the goods types transported to Védrmland
Top 10 commodities
Roundwood I 5,976,621
Paper, cardboard [ 393,370
Liquid refined petroleum products [l 358,110
Chemicals, chemical products, artificial fibers, rubber and... Il 337,897
Wood chips, wood / saw waste, eg chips, pellets El 275,563
Sawed, planed wood products Il 269,504
Cement, lime and plaster [ 230,989
Ironand steel W 204,087

Other foods and tobacco products W 171,481

Dairy products, drinks and ice cream B 111,886

Figure 4.37. Top 10 commodities sent to Vdrmland

4.7.1.3 Transport modes and carrier types

Road transportation is the dominant mode of transport within Varmland, see figure 4.38. This
is due to the geography and the existing infrastructure that are suitable for especially road
and rail transport. Road transport are providing goods flows especially in the domestic flows,
from Varmland (61%) and Vastra Gotaland (14%) or in the importing flows, mainly from
Norway. The transported goods consist of roundwood, liquid refined petroleum products and
chemicals, chemical products, artificial fibers, rubber and plastic products. A large share of the
volume transported by road is performed within the county. These goods are mainly using
solid bulk goods, other cargo types or palletized as carrier type.

Rail are used to a large extent to transport roundwood to Grums and Karlstad. The goods
volumes are mainly originating from Hallefors, Falkdping and Borlange in the domestic flow
and Norway in the importing goods flows.
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Sea transportation is represented by 90% of imported goods. From Latvia, imports flows
consist of the commodity roundwood. From the ports in Vastra Gotaland (i.e. Gothenburg and
Lysekil), 10% of the total inbound volume of the commodity liquid refined petroleum products
is shipped from here. The remaining volume of 90% is transported by road transportation,
with liquid bulk goods as carrier type.

Transport mode

4.88% ﬁ3.78%

®m Road

m Rail

m Sea
Road/Sea

Figure 4.38. Distribution of the transport modes used

4.70% Carrier type

2.08%
\ m Solid bulk goods

m Other cargo types
u Palletized

Liquid bulk goods
m Other mobile units

m Large freight containers

Figure 4.39. Distribution of the different carrier types
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4.7.2 Outbound goods flow

The total outbound domestic goods flows accounts for around 8.75 million tonnes, where
Karlstad and Grums together stands for the largest shares (30%). The goods flow is divided
between outbound domestic and export with respectively 6.1 million tonnes and 2.65 million
tonnes each.

Top 20 receiving municipalities in
Virmland
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Figure 4.40. Map visualisation of where goods originates from in Vdrmland

The production of goods in this region are more evenly distributed between the
municipalities, see figure 4.40. More than half of the volume produced are allocated to the
goods type products from agriculture, forestry and fishing (52%).

Looking at the destinations of where the domestic goods flow from Varmland are consumed,
large volumes are located in Varmland (50%), Orebro (9%), Vastra Gétaland (8%) and Dalarna
(3%). A detailed overview of the receiving municipalities is visualised in the figure 4.40, where
the top 20 destinations accounts for 59% of the total outbound volume.

The top 10 export markets accounts for 73% of the total exported goods flow from the region.
Paper and pulp together with wood and products from wood and cork corresponds to the
goods types that are in majority of the export flows (i.e. accounts for 80%). The goods are
transported in large freight containers or as palletized goods, mainly used with the transport
modes road or road and sea in combination. Swedish goods are exported to destinations
within 83 countries.

4.7.2.1 Industries

Despite from the wood and paper industry (61%), which are significant for this county, the
remaining volumes are divided between agriculture, forestry and fishing (6%), retail (4%) and
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manufacturing of metal goods, machinery and transport (4%) and public and private services
(3%), see figure 4.41.

The deforestation within the wood and paper industry is performed in all parts of the county,
but larger volumes are identified in the northern parts of Varmland, in Sunne, Torsby, Arvika
and Hagfors. Close to 15% of this volume are exported, mainly to China, the rest are
transported to Grums, Hammard and Torsby where the largest production facilities are
located.

The industry defined as other only sends goods as export flows, more precisely the
commodities paper, cardboard and sawed, planed wood products. These goods are
transported by road or in combination with sea, with destinations in Norway, Italy and
Germany. The commonly used carrier types are palletized or large freight container.

Business types

Wood and paper industry ma———— 5 323,686
Other — 1 428,940
Agriculture, forestry and fishing mmm 548,814
Retaill mm 372,774
Manufacturing of metal goods,... mm 328,092
Private and publicservice m 242,488
Manufacturing of consumer goods m 168,889
Construction industry m 165,698
Wholesale ® 147,490
Private/Households 26,246
Mining and quarrying 15,530
Drug and chemical industry 688

Figure 4.41. The industries and their produced volume

4.7.2.2 Goods types and commodities

Due to the specific characteristics of this county, the top three goods types relating to the
wood and paper industry stands for the largest volume (85%), see figure 4.42. These goods
types are not assigned as export flow, 70% of the consumption are instead performed within
Sweden, where over 50% of the volume remains in Varmland. Notable to mention, nearly 70%
of the volume are both produced and consumed within Varmland. The goods flow are
provided by road as main transport mode (80%), where roundwood stands for approximately
half of the goods volume. Other identified commodities are paper, cardboard and sawed,
planed wood products. The top 10 commodities produced in Varmland stands for 91% of the
total goods flow, see figure 4.43.
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2.23%
2.44% 2.16% 1.83%
2.80%

Goods types

m Products from agriculture, forestry and
fishing

= Paper and pulp

3.21%

= Wood and products of wood and cork
Solid and liquid fuels incl. tar

u Metals and metal products excluding
machinery and equipment

= Food, beverages and tobacco

m High-value goods

m Chemical products (not consumer goods,

eg pharmaceuticals)
m Soils, stones and building materials

Figure 4.42. Distribution of the goods types produced

Top 10 commodities

Roundwood I 4,356,878
Paper, cardboard N 1,382,340
Sawed, planed wood products I 841,920

Wood chips, wood / saw waste, eg chips, pellets Il 311,217

Pulp EEE 307,371

Liquid refined petroleum products [l 275,254
Chemicals, chemical products, artificial fibers, rubber and... Il 189,127
Ironand steel W 177,855
Mears of transport (equipment) [l 152,087

Other forest raw materials than round wood W 104,995

Figure 4.43. Top 10 commodities with largest volume

4.7.2.3 Transport modes and carrier types

Road are transporting the majority of the outbound goods volume, using mostly the carrier
types solid bulk goods (72%) and palletized (11%), which is presented in the figures 4.44 and
4.45. The common destinations are within or in the surrounding counties, where 64%
corresponds to locations within Varmland. In the municipalities Torsby, Hagfors and Arvika
the largest volumes of the commodity roundwood are produced.

The intermodal transport with road and sea are only assigned to the export flow, including
goods types from paper and pulp and wood and products of wood and cork with common
destinations in Italy, Great Britain and Republic of China. The largest share of the goods are
originating from Grums and Arvika and transported in large freight containers or as palletized.
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2.61%_1.99% Transport mode

4.02% .o |

= Road

® Road/Sea

® Rail/Sea/Road
Road/Rail

® Rail

Figure 4.44. Distribution of the transport mode with largest volume

2.18% Carrier type

m Solid bulk goods

= Palletized

m Large freight containers
Other cargo types

m Liquid bulk goods

m Other mobile units

m Mobile self-propelled units

Figure 4.45. Distribution of the carrier types loading the goods volume

4.8 Orebro goods flows

The total goods volume in Orebro county stands for the smallest share of the selected

counties in this report, approximately summarized to 14.5 million tonnes. In Orebro, most of

the volume are either transported as domestic inbound or outbound flows in comparison to

the foreign trade flows, which accounts for smaller shares, this is visualised in figure 4.46.
Varmland goods flows

6,634,771
5,830,461

1,550,860
429,060 .
|
Import Inbound domestic Oubound domestic Export

Figure 4.46. Distribution of inbound and outbound goods flows
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4.8.1 Inbound goods flow

The inbound goods flow consist of both the import and inbound domestic transports with a
total volume to nearly 7.1 million tonnes. Similarities exist in the goods flow between
Varmland, with specific characteristics identified within the wood and paper industry (51%)
where the typical transport mode is road transports (91%).

Top 20 sending municipalities

UNDESBERG 560 458

OREBRO 389 160

ASKERSUND s 279 613
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Solarus WENN 20 370
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Figure 4.47. Map visualisation of the destinations of inbound goods flow in Orebro

In Orebro county there exist fewer destinations due to the relatively smaller area in
combination with less producing and consuming actors, i.e. 12 municipalities in total. A
clustered area with large share of the volume are identified in Orebro, Lindesberg, Askersund
and Karlskoga as visualised in figure 4.47.

Figure 4.47 illustrates the top 20 municipalities of where most of the volumes transported to
Orebro county originates from. These origins account for 52% of the total volume and are
mainly located in other domestic municipalities or within the county, which are equivalent to
the remaining goods flows as well.

The imported goods flows are mainly from European countries as can be seen in the figure
4.47, which stands for 83% of the exported volume. From Germany, large volumes are
transported with road and sea, i.e. intermodal transport, with destinations in the top four
municipalities as presented in the figure 4.47. The goods volume is mainly representing the
commodities iron and steel and means of transport (equipment).

4.8.1.1 Business type

For the inbound flows to Orebro county, the industries sending the goods are presented in
figure 4.48 below. Goods flows are originating from surrounding counties, with majority of
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the volume produced in Orebro or from the southern parts of Sweden, i.e. Gothenburg,
Halland and Skane.

Business types

Wood and paperindustry me.-——————ssssssssssss—— 3,625,596
Manufacturing of consumer goods = 618,654
Retail m=mssm 593,750
Agriculture, forestry and fishing === 567,927
Manufacturing of metal goods,... s 432,236
Wholesale mmm 355772
Construction industry mmsm 348,328
Private and public service mm 233,221
Mining and quarrying ™ 135,631
Drug and chemical industry = 117,415
Private/Households 1 26,222
Other 9,079

Figure 4.48. Business types of inbound goods flow

Within the manufacturing of consumer goods, the flows are mostly represented by the goods
types, food, beverages and tobacco and high-value goods. The largest shares are imported
from Germany and Estonia. Largest share of the volume within retail consist of the goods
types food, beverages and tobacco and solid and liquid fuels incl. tar. Notable to mention are
that these goods flows originates from locations within Sweden, where Varmland stands for
a share of 18%.

The wood and paper industry is supplying businesses located in Lindesberg, Askersund,
Karlskoga and Laxa. The transports are almost only performed by the modes road (95%) and
with rail (4%). The large volumes consumed are dedicated to the commodities such as
roundwood, pulp and paper, cardboard.

4.8.1.2 Goods type and commodities

Road transportation is providing goods flows of products from agriculture, forestry and fishing
with destinations almost entirely in Lindesberg, transported as solid bulk goods.
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Goods types
2.77%

3.95%
|

m Products from agriculture, forestry and
fishing
= Food, beverages and tobacco

4.60%

5.68% = Paper and pulp

Soils, stones and building materials
B Wood and products of wood and cork
= High-value goods

= Metals and metal products excluding

machinery and equipment
m Solid and liquid fuels indl. tar

7.31%

m Chemical products (not consumer goods,
eg pharmaceuticals)

Figure 4.49. Distribution of goods types received

Looking into food, beverages and tobacco, consumed volumes are identified in Orebro,
Kumla, Hallsberg and Karlskoga. These domestic goods flow includes the commodities other
foods and tobacco products and dairy products, drinks and ice cream. Close to 4% of the
inbound goods volume are assigned as import, with large shares originating from Finland,
France and Germany. The commodities included in the import flows with largest share are
within meat, meat products, raw hides and skins and other foods and tobacco products. The
top 10 commodities in figure 4.50 accounts for 79% of the total goods volume.

Top 10 commodities

Roundwood I 3,435,886

Other foods and tobacco products I 329,005
Pulp N 311,095
Liquid refined petroleum products [l 269,502

Wood chips, wood / saw waste, eg chips, pellets 238,640
Ironand steel I 226,744

Paper, cardboard [ 205,038

Chemicals, chemical products, artificial fibers, rubber and... lll 195,866
Soils, stones, gravel andsand Il 195,670

Dairy products, drinks and ice cream EE 158,245

Figure 4.50. Top 10 commodities received (consumed volume)

4.8.1.3 Transport mode and carrier type

As seen in figure 4.51, road as transport mode stands for the largest share of the volume.
Commodities such roundwood and soils, stones, gravel and sand are transported as solid bulk
goods (see figure 4.52), with origins completely in Sweden.

Looking further into the goods transported by rail, this flow consist of large volumes related

to industries operating within wood and paper (41%) and manufacturing of consumer goods
(26%). The industries are located in Orebro (42%) and Lindesberg (41%), with largest volume
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allocated to origins in Varberg and as import goods flow (i.e. Germ
Netherlands)

0.46% Transport mode

2.57%_

= Road = Rail

= Road/Sea Rail/Sea

Figure 4.51. Distribution of the transport modes

Carrier type

4.73%

6.33%_ m Solid bulk goods

7.51% .

u Palletized
u Other cargo types

Liquid bulk goods

Figure 4.52. Distribution of the different carrier types

4.8.2 Outbound goods flow

any, Norway and the

u Large freight containers

The total produced goods volume in Orebro county are approximately 7.4 million tonnes,

where exported volume accounts for around 21%. The largest volu

mes are produced in

Orebro (19%) Lindesberg (18%) and Askersund (16%) and operating in industries within wood
and paper (46%), wholesale (9%) and manufacturing of consumer goods (9%).
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Leyvise
OREBRO I | 502 020

UNDESBERG G 1 365 423 {

Top 20 receiving municipalities

ASKERSUND I 1161071 Mugkfors Hm&ﬂm . UNDESBERG  IE— 608 601
HAUEFORS I 867 831 J & LAXA — 363 956
- I
UAXA I 507 470 *Filipstad GULLSPANG 316947
KUMA . 419723 | ) GRUMS e 284 888
" e ! @ BORLANGE 278 323
HALSBERG W 356 350 | Lin €rg OREBRO  me— 275 613
UUSNARSBERG NI 318583 /-Forshaga A x’b;i-m KARLSKOGA S 249 953
OCEGERFORS NN 262613 ] * ASKERSUND s 242 738
NORA [ 185 564 e oA~ NORRKOPING mummmmmm 207 830
LEKEBERG | 135717 Karlstad Arboga HAUEFORS w203 380
B KarlSkoga. | GOTEBORG  mmm—
Top 10 export markets °9 2 e
p 1 S KUMLA w172 364
Germany I 314 954 Degerfors f UPPSALA mmmmm 123 415
Great Britain NN 156 859 Eg AVESTA mmmm 117248
Finland I 142 283 ; Ksmla HAUSBERG mEEN 112 486
Bela A
rus I 124404 o ’ “ SKINNSKATTEBE... w110 290
PL — 7z
110 427 ) @ STOCKHOLM mmmm 95 663
Norway EEEEE 106 081 A ~
SODERHAMN mmm 80 427
Denmark EEEE 86 308
Q KARLSTAD mmm 71496
Netherlands EEEN 78 635 /
! } KOPING W 61167
Italy W 77961 3
France WEEN 72433

Figure 4.53. Map visualisation of the origins where goods are produced
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In the figure 4.53, a visualisation over the 12 different locations where goods are produced
within the county. The production are more evenly distributed in this county with larger
volumes of the commodities roundwood and other ore than iron ore.

The goods that are produced in Orebro county are further transported as either domestic or
export goods flows. The domestic goods are transported to 288 different locations within the
Swedish borders, the top 20 receiving municipalities stands for 72% of the total domestic
volume (56% of total outbound flows). The commodities with large volumes, consumed by
the top 20 receiving municipalities are roundwood (54%), other foods and tobacco products
(8%), other ore than iron ore (6%) and pulp (5%).

The top 10 export markets stands for 82% of the exported volume, where most of the volume
origins from Lindesberg and Askersund. Exported goods have destinations in 53 different
countries.

From Lindesberg, the goods types paper and pulp and ore and other products from extraction
(not soil, stone, gravel and sand and peat), with main destinations in Poland, Denmark and
Germany. In Askersund, mining and quarrying are main industry which exports to countries
such as Germany, Finland and Belarus.

4.8.2.1 Business type

In the figure 4.54, the distribution of the producing business type in Orebro county are
visualised. Close to 60% of the volume within the wood and paper industry are produced in
Lindesberg, Hallefors and Laxa. From Hallefors and Lindesberg, large volumes of goods are
transported by rail to Grums and Borlange (i.e. domestic flows). The export flow by rail consist
of destinations mainly in Denmark and Germany. Laxa are completely transporting domestic
goods by road, where half of the volume are consumed in Laxa, Karlskoga, Gislaved and
Alvkarleby.

Within the retail business, all the goods flows are transported by road as transport mode. The
goods type identified with the largest shares of the volume are food, beverages and tobacco
(40%) and high-value goods (34%). Orebro accounts for the largest produced volume,
accompanied with Kumla and Ljusnarsberg with smaller shares. The recipients are located in
Orebro, Vastra Gotaland and Stockholm county.

Goods within manufacturing of consumer goods industry originates especially from Orebro

and Askersund, where the distribution of the volume are spread out on several municipalities,
with destinations within Ostergétland, Orebro, Vistra Gétaland and Stockholm county.
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Business types

Wood and paperindustry e -————ssssssss 3,621,418
Retail m———m 582 174
Manufacturing of consumer goods mmmmm 552,704
Agriculture, forestry and fishing m=ssm 508,290
Wholesale mmm 344,658
Construction industry m=m 340,887
Private and public service mm 233,152
Manufacturing of metal goods,... mm 225,252
Mining and quarrying = 132,328
Drug and chemical industry 1 60,733
Private/Households 1 26,222
Other 6,953

Figure 4.54. Distribution of the producing industries

4.8.2.2 Goods type and commodities

The top 10 commodities stands for 81% of the total produced volume within the county, see
figure 4.56. These commodities represent the goods types products from agriculture, forestry
and fishing, and smaller shares of the volume are divided between paper and pulp and food,
beverages and tobacco, which are presented in figure 4.55

Goods types

= Products from agriculture, forestry and fishing

4.04%

= Paper and pulp

= Food, beverages and tobacco
Ore and other products from extraction (not
soil, stone, gravel and sand and peat)

= Wood and products of wood and cork

= Metals and metal products excluding
machinery and equipment

m High-value goods

m Soils, stones and building materials

Figure 4.55. Distribution of the produced goods types

Looking into the domestic flows, a large share of the transported volumes are within wood
and paper industry, where roundwood are produced in largest volumes. In comparison with
the export flow, which instead consist of large producing volumes divided between the
commodities paper, cardboard, other ore than iron ore, iron and steel and dairy products,
drinks and ice cream.
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Top 10 commodities

Roundwood I 3,398,762
Other foods and tobacco products [ 321,406
Pulp N 311,095
Liquid refined petroleum products Il 269,502
Wood chips, wood / saw waste, eg chips, pellets I 223,336
Soils, stones, gravel andsand [l 195,670
Paper, cardboard [l 190,058
Dairy products, drinks and ice cream [l 157,337
Other forest raw materials than round wood Il 144,404

Chemicals, chemical products, artificial fibers, rubber and.. Il 132,185

Figure 4.56. Top 10 commodities produced with largest volume

4.8.2.3 Transport mode and carrier type

The dominant transport mode in the outbound flows are road, with 92% of the volume
transported as domestic flows, which could be seen in figure 4.57. The municipalities with the
largest transported volumes in the domestic flows are Orebro, Askersund and Lindesberg.
These goods flow are transported as solid bulk goods and palletized goods, with largest
recipients in the counties Orebro (42%), Vastra Gotaland (14%), Ostergdtland (7%) and
Vastmanland (6%).

The large share of the export flows are transported as palletized or other cargo types. The
majority of the palletized goods types are paper and pulp and metals and metal products
excluding machinery and equipment. Looking into the commodities for other goods types,
iron and steel and pulp are identified as the commodities accounting for the largest volume.

Rail transports are providing goods flows between Hallefors and Lindesberg to Grums and
Borlange. From Lindesberg, paper and cardboard are exporting large volumes to Denmark,
Germany, Italy and the Netherlands, total exported volume stands for 27% of the volume with
rail as transport mode. In the figure 4.58, the distribution of total volume between the
different carrier types, solid bulk goods are transporting large volumes of roundwood and
palletized goods are evenly distributed between other food and tobacco products, paper,
cardboard and sawed, planed wood products. Both these commodities currently using road
as transport mode.
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3.59%

= Road

® Rail
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Figure 4.57. Distribution of the transport modes share of the volume

Carrier type

2.60% m Solid bulk goods
4.97%

gl

m Palletized

m Other cargo types

Large freight

containers
m Other mobile

units

Figure 4.58. Distribution of the carrier types transporting goods

4.9 County summaries

The following sections will present summaries for the respective counties. Here, data from
the counties is compiled with the intend to highlight the most significant factors that are
synonymous for respective county are mentioned. This in order for the reader to grasp the
most important content of the large amount of data presented.

4.9.1 Vastra Gotaland county

Vastra Gotaland is the biggest contributor to volumes in this study, both for inbound- and
outbound flows. It is the biggest county by size with Gothenburg city as the second biggest
city in Sweden, meaning that many industries and companies are located here. The proximity
to one of Scandinavia's largest ports is one of the reasons for this being a strategic location
for industries to have production facilities in.

A large share of the import flows are shipped to Gothenburg and Lysekil because of the ports
located here. The same applies for outbound flows where the largest shares are sent from
here. As the goods flow mapping show, significant shares of the volume can be identified for
the mining and quarrying-, manufacturing of consumer goods-, wood and paper-, and the
construction industry which relates to the commodities transported to this area. “Crude oil”,
“liquid refined petroleum products”, “soils, stones gravel and sand” and “roundwood”
account for large shares in the same way as the industries.
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Looking at the transport modes carrying the goods, a majority is transported by sea which are
shipped from the ports. Road transportation also accounts for a large share, where the
interviewed goods owners have explained that goods are transported by road to terminals
and warehouses for value-adding activities, stuffing of containers and transhipment for
further transportation. Rail transportation is also used in the same way but for much smaller
volumes. Gothenburg is also identified as the biggest contributor for the domestic flows which
implies that it constitutes a node where these terminals and warehouses most often are
located.

4.9.2 Varmland county

Varmland is synonymous with the wood and paper industry where all of the top contributors
in the different factors are related to this industry. Significant shares of destinations can be
found in municipalities where companies have their production facilities. Looking at the
commodities transported, roundwood clearly constitutes the largest share. This because of
the deforestation taking place within the county where companies source the raw materials,
in this case roundwood, locally. The roundwood that originates from the county is transported
by road due to the available infrastructure where there is no other viable option.

Both Karlstad and Kristinehamn have ports connecting to lake Vanern where goods are
transported. The interviewed goods owners explained that the goods transported on lake
Vanern are solely export flows with destinations such as Great Britain, which also is confirmed
by the shipping company. Reasons for not using IWT for domestic transportation are mostly
answered by the respondents with economical and suitability reasons. Road transports are
favourable in several dimensions, hence the large share of road transportation identified.

4.9.3 Orebro county

Orebro act as the smallest county investigated in this report, both by volume and size (12
municipalities). There exists a balance within the domestic flows to and from the county, but
looking at the foreign trade, import flows are significant lower than the exported volume from
this county.

The destinations of the inbound volume stretch from Laxa in south to Héllefors in north (101
km), which implies that the actors/industries are located in and around urban populated
municipalities within a relatively small area in the county. Outbound goods flows also
represent wood and paper industry, where the origins is mainly located in Orebro, Lindesberg
and Askersund.

The typical commodity, transported as domestic goods is roundwood, except from this, the

volume is distributed evenly with goods types such as other foods and tobacco products, pulp
and liquid refined petroleum products to mention some of them. The railway system
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connecting goods flows from the deforestation in Hallefors and Lindesberg, to destinations to
Grums and Borldange. Otherwise, only road transportation is utilized in all the remaining goods
flows. The export flows consist of the commodities, paper, cardboard, other ore thaniron ore,
iron and steel and dairy products, drinks and ice cream.

4.10 Goods flow mapping for IWT suitable goods

This section intends to describe the specific characteristics in the goods flows generated from
each of the selected counties, with respect to IWT feasibility. By identifying and thoroughly
analyse these goods flows, the potentials could be summarized in order to present the
inbound and outbound flows between the three counties. The findings in this section will be
used to answer the first research question.

4.10.1 Translation of goods volumes into number of shipments

In order to present the potential of this goods flows, it needs to be translated into number of
transports. By looking at each of the six flows, an average road transportation weight could
be determined. The data reveals that the average weight per shipment for road
transportation with this data selection is approximately 30 tonnes. This also corresponds to
the approximation made for a presentation regarding “Citylogistik med pram” made for
Vanertinget 2019, where 300.000 tonnes yearly would replace 10.000 road transports —
equivalent to 30 tonnes per shipment. This is used as a benchmark to quantify the potential
for IWT.

4.10.2 IWT suitable goods

By matching the statistics of the distribution between commodities handled in the ports of
Vanern and the main type of goods transported on IWT presented by Eurostat (2018) with
the commodity codes included in the secondary data, 26 different commodities were
identified. This selection of commodities is then further examined to understand how goods
with fitting characteristics for IWT is transported in the area around the focus area. This is
intended to provide insight and answers to research question 1 from an IWT perspective.

The following commodities were identified, see table 4.1. This data selection provides 75% of
the total goods volume, where distribution is 53% domestic flows and 47% import/export
flows. These are further examined for the respective counties in different directions in order
to better understand the flows.

. Glass and glassware, porcelain and ceramic . Processed rubber and
products e  Grain plastic products

° Other forest raw
° Solid refined petroleum products . Roundwood materials than round wood
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° Solid refined petroleum
° Liquid refined petroleum products . Crude oil products

° Meat, meat products, raw
° Soils, stones, gravel and sand . Peat hides and skins

° Chemical and mineral (natural) fertilizers

and salt . Potato . Other wood products

° Coal products, e.g. coke,
° Sawed, planed wood products . Iron ore coke briquettes

® Chemicals and chemical products
P ° Other ore than . Wood chips, wood / saw

iron ore waste, e.g chips, pellets

° Dairy products, drinks
° Non-ferrous metals and their products . Iron and steel and ice cream

° Prepared sustainability-treated fish and
prepared fishery products . Other foods and tobacco products

Table 4.1. Identified commodities suitable for INT

4.10.3 Inbound- and outbound flows to the counties

To compare the flows of these commodities with origins in the counties, Vastra Gotaland,
Viarmland and Orebro are set as senders in the data selection. This provides the allocation
Vistra Gotaland (66%), Viarmland (18%) and Orebro (16%) with a total volume of
approximately 31 million tonnes. This represents the total outbound flows of the selected
commodities from the counties with destinations in all of Sweden. When the counties instead
are set as receivers, flows with destinations in the counties are summarized to 28 million
tonnes where the allocation then becomes Vastra Gotaland (57%), Varmland (23%) and
Orebro (20%). This represents the total inbound flows of the selected commodities with
origins in all of Sweden.

4.10.4 Flows between the counties

By looking at how these commodities are transported between the counties, see figure 4.59,
the following is identified. Disregarding the flows to other Swedish counties and only looking
at the flows between the three counties provides a total volume of approximately 20.5 million
tonnes. This data selection shows that 87% of the shipments with origins in Vastra Gétaland
have destinations within the county, 7% are shipped to Virmland, and 6% to Orebro. In
Virmland, 84% stays within the county, 10% have destinations in Orebro and 6% in Véstra
Gotaland. Orebro sends 63% of the volume within the county, 23% to Vistra Gétaland and
14% to Varmland. The tonnage is presented in figure 4.59. The respective shares are further
examined in the following sections. As domestic transportation within the counties means
that the route never crosses the IWT area, these volumes are not investigated as a potential
for an increased usage of IWT. A prerequisite for potential to be identified, is that current
goods flows must have a route crossing, or travelling along the waterways.
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Figure 4.59. Visualisation of the goods flows between the counties

4.10.4.1 Vastra Gotaland = Varmland (904.000 tonnes)

This goods flow represents approximately 30.100 shipments carried out by road
transportation yearly. 80 shipments carried by of rail transportation is also identified here.

70% of the flow consists of roundwood, carried by 20.800 shipments where all of the 80 rail
transports identified is transported from Falkdping to Grums. The road transports originate
from the west side of the lake, stretching from Munkedal to Bengtsfors, supplying mainly
Grums, Karlstad, Arjang and Saffle. Looking beyond the roundwood, into the remaining 30%,
liquid refined petroleum products represent the largest share (103.000 tonnes). This flow
originates from Gothenburg and Uddevalla and consist of 3.400 road shipments, with 75%
of the destinations located in Karlstad, Kristinehamn and Grums. Arvika is also identified as a
common destination (8%). Other foods and tobacco products (64.000 tonnes) is transported
from Kungalv, Gothenburg and Partille with 2.100 road shipments, where half of the volume
is transported to Karlstad and Kristinehamn. These three commodities represent 87% of the
flow whereas the remaining 13% are spread out into smaller shares of different
commodities.

4.10.4.2 Vistra Gotaland - Orebro (721.000 tonnes)

This goods flow represents approximately 24.000 shipments carried out by road
transportation yearly. No rail transportation is identified. Again, roundwood clearly
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represents the largest volumes (73%) but the origins are instead found on the east side of
the lake. The second and third largest volumes of commodities are other foods and tobacco
products (38.500 tonnes), transported from Gétene and Gothenburg to mainly Orebro and
smaller shares to Hallsberg, and processed rubber and plastic products (37.600 tonnes)
where flows from Tranemo to Hallsberg and Orebro also are identified.

4.10.4.3 Varmland - Vastra Gotaland (364.000 tonnes)

This goods flow represents approximately 11.100 shipments carried out by road
transportation yearly. Additionally, rail transportation represents 30.000 tonnes.
Roundwood represent 42% where several flows can be identified between several origins
and destinations.

The remaining 58% consist of 73.000 tonnes sawed, planed wood products — approximately
2.400 road shipments. Amal receives half of this volume where the distance is very short
and not feasible for IWT. Between Karlstad and Gothenburg flows of this commaodity is also
identified (13.500 tonnes), representing 450 road shipments.

The third largest volume consist of grain (23.500 tonnes), equivalent to 785 road shipments.
These flows originate from Saffle, Karlstad and Kristinehamn with destinations mainly in
Lidkdping, Gotene, Uddevalla and Trollhadttan.

Grouping the commodities chemicals and chemical products, other foods and tobacco
products and iron and steel (49.000 tonnes) where 96% originates from Arvika,
Kristinehamn, Karlstad and Torsby and is transported to destinations with proximity to
ports, e.g. Gullspang, Lidkdping and Gothenburg.
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4.10.4.4 Virmland - Orebro (531.000 tonnes)

This flow has no direct potential for a modal shift to IWT, since the routes does not cross or
travel across the waterways. However, it provides information connected the first research
questions and therefore is accounted for. This goods flow represents approximately 17.700
shipments carried out by road transportation yearly. No rail transportation is identified.

Roundwood represents 60% of this, 320.000 tonnes and 10.600 shipments. 21% represents
liquid refined petroleum products transported from Karlstad. Further, the following
commodities are identified; 29.500 tonnes of pulp (6%), 19.000 tonnes of sawed, planed
wood products (4%) and 14.500 tonnes of dairy products, drinks and ice cream (3%)
transported from Varmland county to Orebro county.

4.10.4.5 Orebro - Vistra Gétaland (628.000 tonnes)

This goods flow represents approximately 20.900 shipments carried out by road
transportation yearly. No rail transportation is identified. The share of roundwood is clearly
smaller for this flow, only 9%. Instead, other ore than iron ore represents the largest volumes,
251.000 tonnes transported from Askersund to Gullspang, equivalent to 8.400 shipments. The
second largest volumes are found within sawed, planed wood products (100.000 tonnes)
where 80% of the volume is transported from Karlskoga to Gothenburg. 81% of the volume
sent from Orebro is consumed in the following municipalities, Gullspang (49%), Gothenburg
(19%), Skovde (7%), Tranemo (3%) and Gotene (3%). 86% if the flow originates from
Askersund (53%), Karlskoga (16%), Laxa (9%) and Orebro (8%).

4.10.4.6 Orebro - Varmland (409.000 tonnes)

Just as for the opposite direction, i.e. Varmland = Orebro, this goods flow has no direct
potential for a modal shift to IWT. The following can be presented shortly. This goods flow
represents approximately 4.800 shipments carried out by road transportation yearly and rail
transportation is identified transporting 265.500 tonnes.

82% represents roundwood transported mainly to Grums and Karlstad, equivalent to 300.000
tonnes. Iron and steel, peat, other foods and tobacco products and wood chips, wood/saw
waste together represent 13%.

4.10.5 Goods flows summary

This section will summarize the goods flows between the counties. The visualisation in figure
4.60, intends to provide assistance for the reader to easy comprehend the specific flows that
are generated within these counties. In the table 4.2, the flows are summarized, based on the
data selection presented in the previous section. The data shown in the table includes the
specific flow, the distribution between commodities, transport mode and lastly the total
identified volume suitable for IWT.
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Looking at the table 4.2 and comparing the transport modes, road transportation stands for
around 90% of the total volume in all counties, whilst rail is only used in flow (1), (3) and (6)
in small shares.

Large volumes of goods flows carrying roundwood, which exist in most flows, especially with
origins in Vastra Gotaland (flow 1 & 2). This high volume creates imbalances in the flows,
which is mostly the case of flow (1) and (3). In the remaining flows, the volumes are more
even. The flows between (4) and (6) are connected by railway system, as seen in flow (6), but
where only road transportation is used in flow (4).

Total # of road Top receivers

tonnage shipments Commodities Top senders (=80%) (=80%)

Roundwood (70%)

Liquid refined Bengtsfors, Gothenburg,

petroleum products Falképing, Amal, Kungilv,

(11%) Dals-Ed, Firgelanda,
1. Vastra Other foods and Munkedal, Mellerud,
Gotaland -> tobacco products Tanum, Stenungsund, Ale, Grums, Karlstad,
Varmland 904 000 30 100 (7%) Uddevalla Arjing, Siffle
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2, Vastra
Gotaland ->
Orebro

3.
Varmland -
> Vastra
Gotaland

4.
Varmland -
> Orebro

5. Orebro -
> Vastra
Goétaland

6. Orebro -
> Varmland

721 000

364 000

531 000

628 000

409 000

24 000

11100

17 700

20 900

4 800

Roundwood (73%)
Other foods and
tobacco products
(5%)

Processed rubber
and plastic products
(5%)

Roundwood (42%)
Sawed, planed
wood products
(24%)

Grain (6%)
chemicals and
chemical products,
other foods and
tobacco products &
iron and steel (13%)

Roundwood (60%)
Liquid refined
petroleum products
(21%)

Pulp (6%)

Sawed, planed
wood products (4%)
Dairy products,
drinks and ice cream
(3%)

Other ore than iron
ore (40%)

Sawed, planed
wood products
(16%)

Roundwood (9%)

Roundwood (82%)
Iron and steel, peat,
other foods and
tobacco products &
wood chips, wood /
saw waste (13%)

Tranemo, Gullspang,
Karlsborg, Téreboda,
Gotene, Ulricehamn,
Mariestad, Skévde,
Falkoping, Tidaholm,
Lidkoping, Vara,
Herrljunga, Skara, Hjo

Arjang, Karlstad, Siffle,
Sunne, Torsby,
Kristinehamn,

Karlstad, Filipstad,
Storfors, Kristinehamn

Askersund, Karlskoga,
Laxa, Orebro

Hillefors, Orebro,
Karlskoga

Table 4.2. Table summarizing the goods flows between the counties

Askersund,
Karlskoga,
Hallsberg, Orebro

Bengtsfors,
Gothenburg,
Gullspang, Amal,
Boras, Lidk6ping

Karlskoga,
Hillefors, Laxa,
Orebro

Gullspang,
Gothenburg,
Skévde, Tranemo

Grums, Karlstad,
Kristinehamn
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4.11 The total transport network

The comparative analysis of the existing flows identified as suitable for IWT, is based upon
the three-layer model (Wandel et al. 1992). The intention of this model is to provide a detailed
description of the goods flows, in order to fully comprehend the complexity within the flows.
Jonsson & Mattson (2011) describes the importance of identifying how the transport system
is utilized and find synergies which determines the performance of the current system.

4.11.1 Infrastructure

Looking on how the infrastructure is currently utilized will assist the description of the current
nodes with goods flows. Lumsden (2006) advocates that by identifying the nodes of goods
flows, the whole system could be mapped in order to identify important locations (e.g. ports,
railways and roads) that enables different transport modes to connect the whole system. In
the figure 4.60 below, the connections within the railway system and the ports (i.e.
Gothenburg, Lysekil & Vanerhamn) are visualized. The road transport system is not visualized
as the spatial coverage is extensive and the visualization intends to highlight the infrastructure
of rail- and IWT transportation to promote intermodal transports.
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Figure 4.60. Map visualisation of how the infrastructure is connected

In Varmland, the physiography is synonymous with large areas of forest and sparsely located
municipalities. The railway system offers connectivity to other counties, which also is the case
within the county. The connectivity provides intermodal transports with the ports and the
road network, which indicates that there exist alternatives for road transportation.
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Looking at the design of the road infrastructure in Vastra Gétaland, which is the largest area
in the data selection with several locations of producing and consuming actors. This explains
why road transportation represents large volumes in this county due to the accessibility to
complement other modes. Looking at the railway system, there exist several connections with
rail from Gothenburg, with Vastra stambanan and Norge/Vanerbanan linking together three
Vanerhamn ports.

Orebro constitute the county with the smallest area, with similarities to Virmland, almost all
volume is concentrated to fewer municipalities in comparison to Vastra Goétaland where
volume is concentrated around Gothenburg. The railway system connects to Vanerhamn
ports in Varmland, and links together the largest municipalities within the county.

4.11.2 Transport flow

The transport flow is determined based upon what is offered by the infrastructure, i.e. the
provided capacity and their connecting nodes. As presented in the goods flow mapping, road
transportation is commonly used in all counties, especially in Vastra Gotaland and Varmland.

The wood and paper industry is synonymous with Varmland, with deforestation of
roundwood performed in the northern parts (e.g. Torsby, Arvika, Hagfors & Sunne) and
consumed in the southern parts (Grums, Karlstad & Hammard). The railway system is in this
case underutilized because of the dominance of road transportation, although there exist
connections between sending and receiving municipalities.

Sea transportation enables large volumes to be transported over long distances, which is the
actuality in Vastra Goétaland. The large imported volumes of crude oil and liquid refined
petroleum products are received in the ports of Gothenburg and Lysekil, where the existing
infrastructure facilitates intermodal shifts to road or rail in order to supply the inland markets.
The supply to Varmland use sea transportation for 15% of this volume, whilst road
transportation still stands for the remaining volume. In Orebro, the large volumes moved by
rail transports to Varmland shows that there exist connections for transhipment in the port
of Kristinehamn. However, road transportation stands for all goods flows to Vastra Gotaland.

4.11.3 Goods flow

This part identifies significant volumes and the related commodity that exist in the different
counties. By evaluating the common commodities that creates the demand for transports,
the type of transport mode most suitable within the transport market could then be easily
decided to cope with the specific context. The identified goods flows in the case is considered
to be compatible for container flows, with existing connections linking the infrastructure
together to enhance the usage of IWT which proves the potential. This highlights the
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importance of the geographical location which limits the alternatives of transport modes, and
where often road transportation is the solution.
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5. Case study - Container

This case is constructed in order to highlight the goods flow between the port of Gothenburg
to the port in Kristinehamn. The findings provided will then be analysed by comparing the
theoretical- and empirical findings to be able to answer research question 2.

5.1 Background

In 2014, when the Swedish government first implemented the NAIADES Il package for inland
waterway transport, the idea of initiating a container feeder between Port of Gothenburg and
Kristinehamn emerged. In the report done by Seadvise, three reasons in favour for this are
mentioned. Firstly, the passage is by far the longest inland waterway the exist in Sweden.
Secondly, both inbound and outbound flows exist to support a container shuttle. Lastly, the
port of Gothenburg is Scandinavia’s largest container terminal with connections to foreign
trade. Kristinehamn is a strategic location with good possibilities for a container terminal and
depot in order to handle the transhipments effectively.

The main objective with this study is to identify potential for an increased usage of IWT in
Sweden. As an IWT vessel with Vanermax is superior to the alternative transport modes in
transporting large volumes, e.g. one ship corresponds to around 130 units of road transports
or 100 cargo units of rail transports, the underutilized capacity in the fairways points at a big
potential for IWT. This case is created in order to investigate the potential for containers
transported with IWT. By analysing the secondary data and provide mappings of commodities
judged as potentially suitable for container transportation, the potential is evaluated.

5.1.1 Translation of goods volumes into number of shipments

In order to present the potential of this goods flows, the presented weights need to be
translated into number of road transports and additionally in this case, the number of
containers. However, due to the different characteristics and the available information
regarding the commaodities this could not be distinguished in the available time frame of the
project. Instead, the weights will be translated into number of road shipments as in the
previous sections to point at the potential reduction of road transportation IWT could bring
with 30 tonnes as an average weight per road transport.

5.2 Identifying suitable goods flow

In order to find the goods suitable for container transportation on inland waterways in
Sweden, the secondary data is used. As the carrier type for the transports is included, the data
selection based upon what commodities that are transported in containers has been made.
The reasoning is that since there are container flows containing these identified commodities,
the goods characteristics are then compatible with a containerisation. The tonnage presented
in the figure represent all the volume transported in containers according to the data. This
indicates how common it is for a commodity to be transported in containers. The numbers

an



presented in the following goods flow mappings represent the total volumes of the selected
commodities, i.e. carried by other carrier types than containers. Step 1 and the following step
2 together provides a framework for what is investigated in the case. Below, table 5.1
presents the identified commodities that further down will be evaluated.

Qa1



Commodity Tonnage Commodity Tonnage

Paper, cardboard 1,633,288 Gaseous (as liquid or compressed) petroleum 14,722
products

Iron and steel 928,446 Grain 12,293

Soils, stones, gravel and sand 694,717 Prepare sustainability-treated fish and prepared 8,587
fishery products

Other building materials (not metal and wood) 355,773 Meat, meat products, raw hides and skins 6,854

Sawed, planed wood products 273,632 Textiles, clothing, fur products, leather and 6,271
leather goods

Pulp 132,315 Chemical and mineral (natural) fertilizers and 4,881
salt

Glass and glassware, porcelain and ceramic products 123,619 Other wood products, e.g. wooden building 3,906
elements

Cement, lime and plaster 111,416 Grinding products, prepared animal feed, starch 3,688

Wood chips, wood / saw waste, e.g. chips, pellets 109,448 Other raw materials of plant or animal origin 2,806

Other machines and apparatus; office machines, 94,327 Coal products, e.g. coke, coke briquettes 2,279

machine parts etc.

Dairy products, drinks and ice cream 76,339 Prepared and preserved fruits, berries and 1,604
kitchen plants

Other foods and tobacco products 66,421 Peat 1,286

Processed rubber and plastic products 57,516 Pharmaceuticals and finished goods from the 968
chemical industry

Chemicals, chemical products, artificial fibers, rubber 52,866 Boilers, hardware, weapons and other metal 894
and plastic products products (not machine)

Fresh fish, fresh fish products 46,137 Means of transport (equipment) 128
Furniture and other manufactured goods 35,464 Animal and vegetable oils and fats 16
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Building metal products and pipes, pipelines, hollow 29,478 Coal and lignite 1
profiles and accessories

Non-ferrous metals and their products 28,209 Total 4933371

Table 5.1. Commodlities currently transported by container

5.3 Identifying catchment area

In order to delimit the geographical area for the case, a selection of municipalities has been
made, these are listed in table 5.2. The so-called catchment area intends to include the
municipalities with proximity to the port of Gothenburg. The same applies for the area around
Kristinehamn where a larger distance has been included. This because intermodal transports
are required to provide enough volumes in order for a container feeder to work. The selection
is made based upon the information provided from Vanerhamn regarding their catchment
area to include realistic flows. With the framework presented and delimitations in the data
selection made, the visualisations can be made. The following section presents the findings
for the case study.

Vistra Gotaland to port of Varmland to port of Orebro to port of

Gothenburg Kristinehamn Kristinehamn

Gothenburg (0) Kristinehamn (0) Munkfors (67) Degerfors (20) Lindesberg (71)
Méolndal (6) Storfors (26) Saffle (70) Karlskoga (24) Ljusnarsberg (79)
Partille (15) Karlstad (35) Sunne (80) Lekeberg (46) Ludvika (111)
Ale (21) Hammaro (38) Hagfors (83) Laxa (46) Smedjebacken (118)
Harryda (23) Forshaga (43) Torsby (111) Nora (58) Vansbro (134)
Kungalv (24) Filipstad (45) Arjang (112) Hallefors (58) Avesta (148)

Kil (50) Arvika (115) Kumla (62) Sater (148)

Grums (57) Eda (121) Hallsberg (63) Borlange (150)

Orebro (63) Hedemora (151)
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Askersund (66) Gagnef (153)

Table 5.2. Municipalities and counties included in the catchment area

5.4 Container goods flow mapping

In order to analyse the goods flows, the data of domestic flows between the Gothenburg area
and Kristinehamn area are divided between the two nodes in both directions. This in order to
be able to distinguish different characteristics of the different flows.

5.5 Domestic flows from Gothenburg area

In the Gothenburg area, approximately 194.000 tonnes are identified as potential goods flow
for IWT going north to Kristinehamn. The bar chart in figure 5.1 presents the contribution for
each of the six sending municipality in tonnes, where Kungalv and Gothenburg are main
contributors. Notable to mention is that all the domestic goods flows to Kristinehamn
currently use road as the transport mode. All the destinations in the surrounding counties are
shown (36 different locations), but the top 15 receiving municipalities are highlighted in the
figure below, which represent almost 94% of the total volume.

From Kungalv, the commodity other foods and tobacco products are mainly consumed in
Borlange and Karlstad. These goods flows come from the wholesale- and retail industry. The
goods is transported as palletized goods and this flow stands for approximately 21% of the
domestic flow to the Kristinehamn area for this data selection.

From Gothenburg, the commodities other foods and tobacco products and dairy products,
drinks and ice cream are supporting the retail business located especially in Varmland. The
receiving municipalities representing the largest volumes are Eda, Borlange and Karlstad.

Sending municipalities in Gothenburg area Top 15 receiving municipalities
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Figure 5.1. Destinations of the domestic goods flow from Gothenburg area
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The inbound data reveals that the largest consuming volumes are identified in Varmland
county, close to 62% of the identified goods volume (figure 5.2). In Varmland, the retail- and
wood and paper industry are the biggest, with highest share of the volume located in Karlstad.
Currently, all the goods flows to Varmland are transported as palletized goods or liquid bulk.
The goods flows to Varmland consist mainly of goods types within food, beverages and
tobacco (66%) and chemical products (not consumer goods, e.g. pharmaceuticals) (11%).

Ale is supplying Orebro with large volumes of the commodity chemicals, chemical products,
artificial fibers, rubber and plastic products to destinations in Lindesberg and Askersund. From
Gothenburg, the commodities other foods and tobacco products are transported to Orebro
and Hallsberg,

Surrouding counties in Kristinehamn area
- inbound goods flows in tonnes

DALARNA
= VARMLAND
= OREBRO

Figure 5.2. Allocation of receiving counties of potential goods flow

5.6 Flow maps - north going

The findings from the Gothenburg area presents two commonly produced goods types, food,
beverages and tobacco and chemical products (not consumer goods, e.g. pharmaceuticals)
(82% together). Both these goods types are mostly produced by industries within the retail-,
wood and paper-, wholesale- and manufacturing of consumer goods industry.

Top 10 commodities transported to Kristinehamn area

Other foods and tobacco products NN 92 019
Chemicals, chemical products, artificial... I 41 988
Grinding products, prepared animal feed,... llll 12 134

Dairy products, drinks and ice cream MW 4831
Processed rubber and plastic products B 4735
Iron and steel 0 3724
Means of transport (equipment) 0 3 158
Paper, cardboard 1 2726
Sawed, planed wood products | 2201

Other machines and apparatus; office...1 2084

Figure 5.3. Top 10 commodities transported to Kristinehamn area
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From the initial 35 identified commodities, 26 are found in the flow from this data selection.
Top 10 of these 26 represent 92% of the volume which is presented below in the figure 5.3.
By mapping these 10 commodities for this flow the following illustration in figure 5.4 can be

presented.
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Figure 5.4. Visualisation of goods flows representing top 10 commodities with origins in the Gothenburg area

The destinations with the highest goods flows are located in Borlange, Karlstad and Sunne.
The municipalities that are sending almost all of the total volume originates from Kungalv,
Gothenburg and Ale. Currently, all goods flows from the Gothenburg area are made by road
transportation. The thick line with destinations in Borldnge (close to Falun), corresponds to
the flows mainly from Kungalv and smaller shares of the volume with origins in Gothenburg.
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5.7 Domestic flows from Kristinehamn area

In the Kristinehamn area, the suitable goods volumes identified are approximately 524 000
tonnes. Almost 93% of the volume are transported to Gothenburg, mostly to industries within
manufacturing of metal goods, machinery and transport (43%), wood and paper industry
(32%) and wholesale (15%). The domestic flows are generally using road (61%) and in
particular rail (39%) as transport modes, where rail transportation only has Gothenburg as

destination.
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Figure 5.5. Origins of goods flows from Kristinehamn area

The figure 5.5 visualize the origins of the identified suitable container flows, the bar chart
presents the top 15 sending municipalities, where a majority of the origins are located in
either Dalarna or Orebro county. The top 15 municipalities are currently sending 95% of the
volume to the Gothenburg area, but in total there exist 39 different origins in Varmland and
Orebro, these are shown in the figure above.

Looking further into the specific commodities and their related transport mode, differences
are identified between rail and road transports. From Borlange in Dalarna county, close to
76% of the volume consist of the commodity iron and steel, which is transported by rail to
Gothenburg. Other commodities such as pulp, paper, cardboard and sawed, planed wood
products accounts for the remaining 24% of the total volume.

The goods flows using road transportation are transporting palletized goods. Other

commodities with large volumes are sawed, planed wood products and means of transport
(equipment), where most of the volumes originates from within Orebro county.
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Surrounding counties in Kristinehamn area
- Outbound goods flow in tonnes

-19 89%

DALARNA
= OREBRO
B VARMLAND

Figure 5.6. Allocation of sending counties of potential goods flow

The weight distribution where goods are produced are visualised in figure 5.6. Orebro stands
for the largest volumes, with production located in Karlskoga. In Lindesberg, flows from the
manufacturing of metal goods, machinery and transport industry can be identified. The
common destination of almost all goods volume are located in Gothenburg.

5.8 Flow maps - south going

The top 10 commodities identified as suitable goods flows corresponds to 96% of the
domestic volume transported to the Gothenburg area (figure 5.7). 24 of 35 commodities are
included in this data selection.

Top 10 commodities transported to the Gothenburg area

Iron and steel I 182 615
Sawed, planed wood products I 117 789
Paper, cardboard N 61 810
Dairy products, drinks and ice cream N 50 859
Means of transport (equipment) N 39 222
Pulp N 30930
Other foods and tobacco products BN 20 314
Meat, meat products, raw hides andskins [l 10010
Other machines and apparatus; office... ll 7 476

Non-ferrous metals and theirproducts 0 5427

Figure 5.7. Top 10 commodlities transport to Gothenburg area

Nearly 10% of the identified goods flows are already transported in containers and the data
reveals that rail (80%) is the most commonly used transport mode for transporting containers
in this direction. Most of the volume originates from Borlange (88%) and smaller shares in
Kristinehamn and Orebro, within the manufacturing of metal goods, machinery and transport
industry. Notable to mention, 92% of the goods flow from Borldnge are transported with rail
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as transport mode, which corresponds to the thick line visualised in figure 5.8. The different
transport modes providing the goods flows are presented, together with the commodities
with iron and steel representing the largest share.
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Figure 5.8. Goods flows of commodities transported by large freight container

5.9 Import/Export goods flows

To further present the goods flows, import and export flows are presented. The data selection
becomes different as the import data only regards inbound shipments to either Vastra
Gotaland, Varmland and Orebro, the imported volumes to the municipalities located in
Dalarna county cannot be accounted for.

5.9.1 Imported goods flows to Kristinehamn

This section presents the imported goods flows with destinations within the selected counties
Virmland (62%) and Orebro (38%). The volume identified as suitable container goods flows
are approximately 964 462 tonnes, mainly consumed by industries such as wood and paper
(39%) and manufacturing of metal goods, machinery and transport (37%).

In the left side of the figure 5.9, the 10 top import markets corresponds to 86% of the total
volume. Great Britain, Germany and Norway accounts for 56% of the imported goods.

From Great Britain, approximately 290.000 tonnes are transported in total, which mostly

contains the commodities paper and cardboard transported as palletized goods. From
Germany, the total import volume are 127.000 tonnes, and the top commodities are iron and
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steel and means of transport (equipment) followed by chemicals, chemical products, artificial
fibers, rubber and plastic products and a small share of paper and cardboard. Lastly, the
import volume from Norway are nearly 81.000 tonnes and are only transported by road,
mainly to Hammard in Varmland county (83%). The commodities consumed here are
chemicals, chemical products, artificial fibers, rubber and plastic products which are
transported as liquid bulk goods (i.e. the carrier type).

Top 10 import markets
- weight in tonnes

GreatBritain [ 292,373

K} v NEsinedyen - weight in tonnes

Germany | 144,733

Norway I 101,698 ‘ ; o HAMMARD [ 153,985
Mulikfors :6“‘
Denmark [l 56,797 LA unpeseers [ 126,350
o /
Finland [l 47,446 _ Q arvika [ 72,838
o "o .
% e oresro [ 61,997
ttaly [l 43,711
. '@ 0 kumia [ 37,795
Netherlands [ 38,392 ® 50;97
P = Gf:ﬁv; pecerrors [l 34,105
':f:;?': )
France [l 38,375 ° m
9. off-0 KARLSKOGA [l 29,113
° 0
Bel 36,806
chres W5 ® FupsTAD [l 22,942
United States ] 27,290 ® askersunD [ 21,083

Figure 5.9. Destination of imported goods

5.9.2 Identified potential goods flows

The top 10 receiving municipalities, i.e. where industry and other consuming sites are located
in Viarmland and Orebro corresponds to 89% of the total volume. The top 10 imported
commodities represent nearly 920.000 tonnes (95%), see figure 5.10. Currently, nearly 12%
of the imported goods are transported in large freight containers. Looking further into the
specific factors concerning container goods flow, commodities as pulp, iron and steel are
mostly consumed with origins from European countries. Palletized or liquid bulk goods are
the most common carrier type used in the imported goods flow.

The transport mode used most frequent is road or rail or as an intermodal solution in
combination with sea, where road and sea flows are more dominant. This is due to the logic
behind the data, where all the goods are first shipped to the Port in Gothenburg and then
considered as further transport defined as the domestic inbound goods flow to Varmland and
Orebro. The import data contains 28 of the 35 unique commodities.
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Top 10 commodities imported to Kristinehamn area

Paper, cardboard

Chemicals, chemical products, artificial fibers,
rubber and plastic products

Iron and steel

Means of transport (equipment)

Pulp

Other machines and apparatus; office
machines, machine parts etc

Wood chips, wood / saw waste, eg chips,
pellets

Other raw materials of plant or animal origin

Glass and glassware, porcelain and ceramic
products

Other foods and tobacco products

I 253 302
I 201 410
N 181216
N 166 048

B 36249

B 32805

M 18103
B 11415
B 9436

B 9314

Figure 5.10. Top 10 imported commodities with largest volumes
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5.10 Exported goods flow from Kristinehamn

This section further investigates the goods in the export flows from the selected counties
Varmland and Orebro. 23 of 35 commodities are included in this data selection, with a volume
of approximately 3.7 million tonnes, and more than half of this consist of paper and pulp. The
largest volumes originate from Grums, Hammard, Lindesberg and Sunne, consisting of the
commodities paper, cardboard and pulp with Germany, Republic of China and Italy as
common destinations.

Top 10 exporting
municipalities Top 10 export markets
° - weight in tonnes

Germany I 533 562

GRUMS I 797 814

UNDESBERG NN 403 824 i Republic of
Falun Chi I 367 321
ina

realy N 365171

HAMMARDO I 380 445
TORSBY NN 309911

SUNNE EEEEE 271373 Norway [N 341594

United
ARVIKA EEEEN 251935 . « Kh_:u:m I 254008
KRISTINEHAMN EEEl 160 438 [} ° Denmark I 241194
UUSNARSBERG N 141 942
° . (Y France NN 180215
HALLEFORS N 124 531 [e) 1o
° o Netherlands [N 166 658
DEGERFORS NN 123928 ‘
[ @ Belgium [ 102 254
° ° e /0
o
o
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Figure 5.11. Map visualisation of where goods originates from

5.10.1 Identified potential goods flow

The top 10 commodities exported from Virmland and Orebro corresponds to 93% of the
volume, see figure 5.12. The most common producing industries identified are wood and
paper and manufacturing of metal goods, machinery and transport.

Large freight containers and palletized are the most common carrier types (i.e. stands for
61%), with goods flow usually consisting of the commodities paper, cardboard, iron and steel,
sawed wood products, pulp and dairy products, drinks and ice cream.

The republic of China and Germany are main importers of the commodities paper, cardboard
and iron and steel. The commodity paper, cardboard originates from Hammar6 and Grums in
Varmland, and iron and steel are mainly produced in Degerfors, Hagfors and Hallefors in
Orebro.

Norway is the main importer of sawed, planed wood products and stands together with Great

Britain for more than half of the exported volume, mostly with origins in Grums, Arvika, Laxa
and Karlskoga.
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Close to all exports flows concerning the commodity pulp originates from especially Sunne
(88%) and Grums (11%). Their largest volumes are exported as palletized goods (90%) to
countries outside the EU, such as Republic of China, India, Islamic Republic of Iran and
Vietnam.

Top 10 exported commodities from the Kristinehamn
area
Paper, cardboard GGG 1 666 036
Sawed, planed wood products I 668 998
Iron and steel N 388 337
Pulp EEEEN 307 606
Means of transport (equipment) N 202 354
Chemicals, chemical products, artificial... Bl 143 184
Dairy products, drinks and ice cream [l 126 909
Other machines and apparatus; office... 1 43 673
Wood chips, wood / saw waste, eg...1 40 949
Other foods and tobacco products | 31114

Figure 5.12. Top 10 exported commodities from Kristinehamn area
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5.11 Case summary of the potential goods flows

In this concluding part, the total potential is summarized to provide a complete overview of
the current state. Firstly, the domestic flows, i.e. in-/outbound flows, are presented, with
location in the surrounding area of the ports in Gothenburg and Kristinehamn. Lastly, the
potential in the foreign flows, represented by the import and export flows is presented.

5.11.1 Gothenburg area - Kristinehamn area

Starting with the goods flow with origins in the Gothenburg area, with a potential of
approximately 200 000 tonnes, the largest volumes are transported mainly from Gothenburg
and Kungilv, which are located strategically in connection to river Géta Alv. The sections
below will highlight some of the nodes which points out the highest potential for suitable IWT
goods, which corresponds to a weight of 83 466 tonnes.

Gothenburg, Kungilv & Partille - Karlstad

Karlstad is identified as a potential receiving municipality (i.e. largest receiver in Varmland),
with existing goods flows consisting of other foods and tobacco products, which represent the
largest volumes received from this data selection. This volume is summarized to 23 347
tonnes.

Ale, MdIndal & Gothenburg - Orebro

The goods flows from Ale, MéIndal and Gothenburg to Orebro, where industries such as
manufacturing of consumer goods and retail operates, are summarized to 12 804 tonnes. The
produced commodities are other foods and tobacco products, other machines and apparatus;
office machines, machine parts etc. and sawed, planed wood products to mention some of
the largest shares.

Ale, MélIndal & Gothenburg - Lindesberg & Askersund

The goods flows between Ale and Lindesberg and Askersund are summarized to 16 221
tonnes, transporting chemicals, chemical products, artificial fibers, rubber and plastic
products.

Kungdlv & Gothenburg - Borlange

The goods flow from Kungdlv and Gothenburg to Borlange contains 31 094 tonnes of the
commodity iron and steel. This flow is suitable as containerized goods, which increases the
potential of developing intermodal freight transport processes to support the transhipments
in the terminals performed in the port. Since the produced goods in Borldange are currently
transported with by rail transportation indicates the importance of integrating intermodal
transports with connections in Kristinehamn.
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5.11.2 Kristinehamn area - Gothenburg area

This goods flows are presenting higher goods volumes suitable for containerisation and are
calculated to 549 877 tonnes. Almost all of the goods with origins in the Kristinehamn area
are received in Gothenburg (93%). Borlange represent the largest sending municipality in the
data selection. The part below will highlight some of the nodes which points out the highest
potential for suitable IWT goods, corresponds to 163 611 tonnes.

Karlskoga - Gothenburg

The large volumes sent from Karlskoga, located nearby Kristinehamn (27.5 km), are identified
as suitable for containerisation. The closeness to IWT and flows consisting of the commodity
sawed, planed wood products, make this node interesting to evaluate for modal shift, the
total volume received in Gothenburg is 80 098 tonnes.

Karlstad - Gothenburg

Karlstad are sending 20 377 tonnes of goods with either rail- or road transportation, with
Gothenburg as solely destination. sawed, planed wood products. Rail transportation stands
for 12%, with goods from wood and paper industry, i.e. sawed, planed wood products to
Gothenburg. Road transportation (88%) is transporting non-ferrous metals and peat.

Lindesberg > Gothenburg

Lindesberg, located 95 km from Kristinehamn, sending goods volume of total 63 136 tonnes
to Gothenburg. This existing flow handle the commodities means of transport (equipment),
paper, cardboard and other foods and tobacco products. Currently, these goods are
transported by rail 27% and road (73%). The connection to Kristinehamn with intermodal
transport make it possible to alleviate the use of road transportation in the area.

5.11.3 Import - Kristinehamn area

In this part, the foreign flows are further explained, and the first flow presented is the
imported goods flow. The following part will highlight a few goods flows where potential for
modal shift to IWT is feasible, this volume corresponds to 383 998 tonnes. The total potential
volume suitable for containerisation, from the import flows is 964 409 tonnes.

Great Britain > Degerfors, Lindesberg, Orebro, Kristinehamn, Hammaré & Karlstad

The import flows from Great Britain is transported intermodal, with road/rail and sea
transportation. Since these goods show ability for sea transports, it also raises potential for
IWT flows. A clustered area around Kristinehamn area is identified in this data selection, with
destinations in Degerfors, Lindesberg, Orebro, Kristinehamn, Hammaro and Karlstad. The
total imported volume to this area is 281 451. 88% of the volume is currently transported by
road and sea. Wood and paper industry is located in Karlstad and Hammard, Karlstad is
importing the commodity paper, cardboard and Hammard consuming the commodity
chemicals, chemical products, artificial fibers, rubber and plastic products. The business type
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manufacturing of metal goods, machinery and transport consuming the commodities means
of transport (equipment) and iron and steel. The location of these sites are in Karlstad,
Lindesberg and Orebro.

Notable to mention here, is that 12% of the import flows are transported by rail to Degerfors
since their accessibility to the railway with connection to the port in Kristinehamn. The
commodity consumed here is iron and steel, within the manufacturing of metal goods,
machinery and transport.

Germany - Askersund, Karlskoga, Karlstad, Orebro, Filipstad & Hagfors (Iron and steel)
The goods flows transporting the commodity iron and steel are imported from business types
manufacturing of metal goods, machinery and transport and manufacturing of consumer
goods. The goods volume are in total 58 687 tonnes.

In Askersund, where manufacturing of consumer goods are located, 25% of the volume is
consumed here.

Karlskoga, Karlstad and Orebro constitute a clustered area nearby Kristinehamn, receiving the
remaining 75% of the volumes of iron and steel, together with Filipstad and Hagfors which
are located in the northern part of Varmland.

Germany - Arvika & Lindesberg

Arvika and Lindesberg imports the commodity means of transport (equipment) from
Germany, the total volume identified is 43 860 tonnes. 64% are transported intermodal
(road/sea) to Arvika and Lindesberg, whilst road transportation accounts for 36% to Arvika.

5.11.4 Kristinehamn area - Export

The export volumes from Viarmland and Orebro are identified as the largest potential based
on volume. The total export flows generate a volume of 3 717 452 tonnes. In the following
part, some specific flows with IWT potential are further highlighted and explained in detail.
This volume represents 2 246 962 tonnes of exported goods.

Paper and pulp - Export

This goods type is origin from production in wood and paper industry, where there exist 10
sending municipalities which are located in approximately the same area, around
Kristinehamn. These are Grums, Hammard, Lindesberg, Kristinehamn, Forshaga, Saffle,
Karlstad, Orebro, Hallsberg and Karlskoga. Together they stands for 1 536 800 tonnes of the
commodity paper, cardboard. 53% of the volume in this data selection identifying large freight
container as the carrier type. This area produce and transport large volumes that would be
beneficial for IWT to intercept.

Wood and products of wood and cork - Export
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This commodity is exported from 11 different locations, with most of the volume with origin
in Varmland (83%). The transport mode is either unimodal (road) or intermodal (road and
sea), which shows clear feasibility for IWT. Torsby, Grums, Hallsberg and Arjing stands for
80% of the production of the goods type wood and products of wood and cork. The total
exported volume is 710 162 tonnes. Denmark and Norway are main importer from Grums,
whilst Torsby’s top importers are Germany, Denmark, France and Italy.

5.12 Case summary - goods flow

The data reveals that there exist suitable goods flows for containerisation, in both directions.
The identified volume is summarized in the table 5.3, where the outbound goods flows from
Kristinehamn are (flow 2 & 4) are significant larger in relation to the inbound flows . This
actuality creates a demand for repositioning of empty containers available in the
Kristinehamn area, in order to facilitate the imbalances that exist in the flows.

Total # of road

tonnage Commodities

shipments

Top senders (280%) Top receivers (280%)

Borldnge, Karlstad,

Other foods Sunne, Hammaro,
and tobacco Orebro, Filipstad,

1. Gothenburg products (52%) Lindesberg,
area -> Chemicals, Askersund,
Kristinehamn chemical Kristinehamn, Eda,
area 200 000 6 600 products (21%) Gothenburg, Kungalv Saffle

Iron and steel

(33%)

Sawed, planed

wood products

(21%)

Paper, cardboard Borldnge, Karlskoga,
2. Kristinehamn (11%) Lindesberg, Ludvika,
area -> Dairy products, Sunne, Orebro,
Gothenburg drinks and ice Karlstad,
area 550 000 11 500 cream (9%) Kristinehamn Gothenburg

Paper, cardboard

(26%)

Chemicals and

chemical products

(21%)

Iron and steel Karlstad, Hammaro,
3. Import -> (19%) Lindesberg, Arvika,
Kristinehamn Means of transport Foreign trade - (Port Orebro, Kumla,
area 964 000 26 400 (equipment) (17%) of Gothenburg) Degerfors

Grums, Lindesberg,

Paper, cardboard Hammard, Torsby,

(45%) Sunne, Arvika,

Sawed, planed Kristinehamn,
4. Kristinehamn 3717 wood products Ljusnarsberg, Foreign trade - (Port
area -> Export 000 86 300 (18%) Degerfors, Hallefors of Gothenburg)
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Iron and steel
(10%)
Pulp (8%)

Table 5.3. Identified goods flows suitable for containerisation
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6. Empirical findings from interviews

This section will present the empirical findings from the study. The source of information are
the respondents from the interviews which include goods owners, a shipping company,
people with knowledge and experience of IWT from municipalities and the region of
Varmland, Vanerhamn, and consultants’ active in the field. A total of 13 people was
interviewed from which the following has been compiled.

6.1 Current transportation from an IWT-perspective

When studying the situation of IWT in Sweden from our point of view, the underutilized
capacity in the Swedish waterways raises questions regarding why road- and rail
transportation remains dominant. During interviews with primarily goods owners, but also
with other actors in the distribution chain, their current transportation setup together with
their standpoint towards IWT has been assessed. This, in order to create understanding of
how transport buyers reason in their logistics operations and their openness to consider
changing their current transportation setup.

The attitude towards the use of IWT is positive among all of the interviewed goods owners.
An optimism towards the transportation option can be identified but it all comes down to the
suitability together with the relative advantages that can be captured by using IWT.
Geographical location is decisive when assessing the possibility to use IWT. If the receiving
facility is too far away from a port, other transport modes becomes more favourable.

6.1.1 Goods owners perspective

There are companies transporting some of their volumes using lake Vanern and Géta Alv river
for their export flows. No interviewee expressed that they use this transportation option for
domestic transportation. This is also strengthened from discussions with the shipping
company where the interviewee states that IWT is used only for export flows. Domestic
shipments are instead either sent with road transportation or to some extent rail
transportation. This also applies for export shipments where the goods are most commonly
sent down to Gothenburg for warehousing, stuffing of containers and transhipment and then
further transportation to the end destination.

The SECU-system was identified as a big contributor to the volumes from Varmland where a
customized container unit is used to transport goods from the wood and paper industry. Here,
the SECU containers are transported with rail down to Gothenburg, transhipped to RoRo-
vessels and transported to bigger ports in the Netherlands. From here, the goods are
transferred to TEU containers for the final transportation to destinations. The suitability for
IWT was discussed in relation to this flow where there are problems with stackability of the
containers. Wheels are mounted on the containers which then enables RoRo-vessels to carry
the carrier type. The SECU-system has been developed in order to optimize the flows from
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the wood and paper industry and the suitability and transferability to IWT is deemed low due
to the already made investments.

When discussing the possibility to ship goods in containers using IWT some goods owners
expressed that they have the possibility to ship their goods in containers with available
equipment, but choose not to due to both economic and suitability reasons. However, if there
would be better economic incentives, large volumes would be transferable to IWT. As the
different transport modes often have different reliability related to on time arrivals, due to
different length in lead times and with the inherent deviation, a certain imbalance between
the use of transport modes comes naturally. The goods owners expressed a certain concern
about reliability with IWT during the interviews. Also, the possibility to track and trace
shipments means that they can inform customers of delays, which in some cases mean that
a longer lead time is acceptable.

6.1.2 Shipping companies’ perspective

One of the shipping companies operating in lake Vanern explained how they work with longer
contracts of agreement with customers where the responsibility of the transportation is then
laid on the shipping company. They try to balance the flows in both directions to their best
ability. There is also a spot market with shipments of more sporadic nature, where these
customers are acquired by direct contact with goods owners or by transport agents hired by
goods owners. In this market, price is always the number one priority for the transport buyers.
In order to achieve balance in their flows, raw materials such as coal are exemplified as goods
transported on the inbound route.

The distribution between the transport modes is evidently unbalanced where IWT has a
significantly smaller share, especially for domestic transportation. Discussions regarding the
attitudes towards changing a transport setup for a goods owner indicates that there is an
inherent resistance and tradition in the industry. It demands both the behaviour of actors as
well as the context to change, whether it is increased volumes, higher frequency or other
factors and in order to make a modal shift happen towards IWT, the price must drop
drastically, according to one of the interviewees.

When discussing with the shipping company, more freely and on a more aggregated level,
questions regarding industries in general that may be more suitable for a change to IWT were
asked. The reasoning was that industries, such as the mining and petroleum industry, with
high exposure to the public opinion in environmental aspects do their best to make their
operations less polluting. As progress is made within other segments of their business, they
try to find low hanging fruit in other segments where transportation then comes naturally. If
higher demands and restrictions are being imposed on companies with a purpose to attract
more volumes to IWT, these industries may consider the option more thoroughly.



6.2 Goods owners transport quality priorities

The transport quality factors mentioned in the theoretical framework were discussed with
the goods owners in order to understand how the factors that are affecting their
transportation options and what goods owners prioritize regarding transportation.

Assessing the answers from the interviewees on the questions related to their priorities
regarding the transportation of goods, shows a range of different transport quality factors.
The majority had a customer focused answer to this and their reasoning was that happy
customers is always a priority. This means more practically that the right goods should arrive
to the customers facility at the right time.

The price is also something that is recurrent throughout the interviews, even though not
expressed as a number one priority in most cases. However, it always works as a benchmark
when goods owners’ asses their transportation options.

Also, the environmental aspect of transportation is recurrent and expressed as one of the
most important factors. With legislations and emission fees this comes naturally as a mean of
getting economy in the logistics. Answers regarding the ability to use environmental friendly
transports as a marketing tool and a part of the company’s CSR strategy was also experienced
during the interviews. This also indicates a lean towards a price priority among goods owners,
even though not expressed explicitly.

The bigger companies have dedicated departments of their logistics operations which handle
their supply chain. In these cases, all transport quality factors are assessed in their transport
setups and depending on their optimization factor, their transportation will look in a certain
way. Other plants within the same organisation may affect the transportation setup from
another facility which implies a complexity in the transportation choice. Geographical location
is one of the key aspects in this matter where a proximity to the water and an availability to
port services are decisive. The nature of the business type and goods characteristics are also
factors that affects what is prioritized and in turn how the transportation and goods flows will
look like. If the goods owner is smaller on the other hand, a stronger correlation to price
priority can be identified. This because of the third-party involvement that is more evident
with smaller businesses.

6.3 Governance of the IWT framework

As the Swedish IWT framework differs from other European countries with a more established
IWT system, questions regarding important aspects for the Swedish system was asked to the
respondents. The pilot fee system and the governance from authorities are identified as the
main differences and a big reason to the underutilized waterways in Sweden.



One of the most interesting aspects affecting IWT is the pilot fee system and how the involved
authorities govern and control the Swedish IWT framework. The questions regarding how the
fee structures and legislations works for IWT in Sweden are answered by the interviewees
with lengthy answers. There is a clear and recurrent opinion that the current system is not
working and if a balance between the traffic modes is what is expected to be achieved,
reorganisations on different aspects needs to be done. Efforts aimed at simplifying and
strengthen the competitiveness of the system has been going on for 17 years and yet the
system remains unoptimized.

There seems to be a mutual understanding between key stakeholders among actors in the
supply chain, about the fees being imposed and unnecessary. With today’s technologies,
there is no need for a piloting service on lake Vanern. The system is built up in a way where
Transportstyrelsen decides where piloting is needed and under what circumstances which
then constitutes the framework. Another authority, Sjofartsverket, then operates the piloting
and sets the price of the service. Sjofartsverket needs to finance their own business and
thereby charge fees. There is a clear dissatisfaction among the interviewed actors, especially
the shipping companies and project initiator, of how the question has been handled by
authorities with lengthy lead times for decisions to be made and changes implemented. The
goods owners have also expressed understanding of how the fee structures affects IWT
negatively. A stolidity among the authorities is undeniable.

The interviewee from the shipping company means that IWT needs to be classified as an own
transport mode in order for it to work in Sweden and thus be separated from other sea
transports. The reasoning is; since IWT is not competing with the sea transports carried out
today, as it concerns export flows, it should not be treated the same. With the aim of reducing
road and rail traffic, while increasing IWT, the benchmarks and comparisons should be made
between those three transport modes where IWT is treated separated from conventional sea
transports.

At the start of 2018, a new pricing model was introduced by Sjofartsverket. This is a result of
a government mission from June 25, 2015 where the purpose, according to Sj6fartsverket was
to ensure a balanced economy in the services provided by Sjofartsverket. This in turn is a
result from the NAIADES Il package which only was implemented partially in Sweden with less
requirements on the technical aspects of the vessels. Only taking it half-way did not result in
any incentives to change transport mode and status quo remained. Transportstyrelsen was
assigned the governmental mission to implement an IWT framework, but the mission did not
include the purpose to relieve the road- and rail network and facilitate a modal shift towards
IWT. Therefore, the current IWT framework in Sweden is constructed without any purpose to
create a balanced transport system, as expressed by one of the respondents.



In practice, the framework makes the piloting more expensive than necessary as the shipping
company can be charged for up to 10 hours when in reality it is not needed at all. It also means
that the captain of the boat never actually drives the boat in the lake, instead the person from
the piloting service is. As price is one of the most important factors when goods owners assess
transportation options, the pilot fee system complicates the situation. Comparing it to other
European systems it is clearly more complicated. The piloting service in Lake Vanern is not
needed with the technical improvements that has been made since the establishment of the
framework, and thus it constitutes a big hindrance for an increased IWT. Comparing it to how
it works in the Netherlands and Belgium, IWT is exempted from piloting and the system is
integrated with the other transport modes. Safety is often an advantage for IWT and
something that is utilized in Europe, whereas in Sweden it often constitutes a concern from
the authorities. For European actors, it is about self-preservation to avoid accidents and large
efforts are aimed at keeping the operations safe. Hazardous goods are brought up as an
example as it often is forced to be transported on IWW due to the increased safety it brings.
That in turn also constitutes an example of a potential increase in usage of IWT in Sweden
and a proof of different priorities in different countries traffic systems.

Discussions regarding how the governance and subsidies work between the different
transport modes also reveals an imbalance. For example, ports are often municipality govern
which demands investments and resources to operate and maintain them whereas the road-
and railway system is more funded by the government. The fees debited by the ports in
Vanern are also considered unbalanced. Road transportation that arrives to the ports facilities
for transhipment are free of charge while hefty fees are put on the ships docking at the ports.

6.4 Examples of potential for increased IWT

The following sections will present examples of application areas and future potential that
was discussed during the interviews. This is presented in order to show that there are
ambitions and possibilities to use IWT to a greater extent than today.

There are several initiatives that has been made with the aim to improve the competitiveness
of IWT in Sweden. During the interviews, the respondents came up with several examples of
how to increase the use of IWT. In discussions with involved persons from the county of
Varmland it was explained how the work with IWT is carried out in their organisation. Efforts
aimed at getting the industry to work against an increased usage of the waterways has been
made and government missions connected to regional development has been worked with
where the transportation is one important aspect. Varmlandsbanan is exemplified as a project
where efforts have been made in order to increase the capacity as it is an important factor
for the industries in the region. Cooperation between municipalities can also be identified
where e.g. Vdanersamarbetet has been put together to work with questions regarding
industries and IWT. Concrete examples of goods owners with potential transferable flows was
also presented during interviews. Also, the benchmark with other European countries IWT



frameworks was discussed where the example of hazardous goods transportation being
forced to be transported with IWT in other European countries.

6.4.1 Example 1 - Goods owner

In this organisation, a dedicated department handles the solutions for transportation and
logistics. The volumes are large and concerns of the capability with IWT was identified.
However, with the decision of a reconstruction of the locks in Trollhdttan, new possibilities
open up and the efficiency of IWT may improve. With the right incentives, volumes are
transferable to IWT according to the respondent. Regarding sustainability in transportation,
there are ongoing projects and efforts aimed at reducing the environmental impact of their
logistics operations, e.g. the use of biofuels for their truck transports between their facilities
and the port of Karlstad.

6.4.2 Example 2 - Goods owner

Volumes of their current business was expressed in exact numbers. Finished product flows of
125.000-140.000 tonnes yearly among approximately 1000 containers carrying 25.000 tonnes
and 40.000 tonnes transported with bulk vessels. With their geographical location close to a
port, a transfer to IWT would not mean any major changes for their operations and thus a
positive attitude towards the question was experienced. When discussing the matter in closer
detail, a scheduled container feeder was concluded to be the most important thing for the
company. If a fixed schedule of departing vessels would be established, planning could be
done in accordance to this. As large enough volumes must exist in order for a container feeder
to work, an understanding of this together with a willingness to contribute was identified.

6.4.3 Example 3 - Goods owner

The factors that could enable IWT transportation for the first leg of the transport to the port
of Gothenburg was expressed by one of the respondents. Availability of equipment for
container stuffing, availability of containers through a depot strategically located, enough
frequency and a proven concept that IWT is reliable. A strong customer orientation was
expressed and the most important transport quality factor was reliability related to on-time
arrivals, whereas price was expressed as secondary. The proven concept mentioned needs to
be presented to the decision makers as tradition is something that affects the transportation
choice strongly in the industry. Also, because it is a matter of large volumes that are
transported to Gothenburg for further oversea transportation, which puts high pressure on
the reliability.

6.4.4 Example 4 - Shipping company

An upcoming project together with a petroleum company was discussed. The project aims at
establishing transportation of goods from Lysekil to the refineries in Karlstad, through Goéta
Alv river and lake Vanern. As exact data of distances, number of trailers etc. is available it is



an interesting project since it can quantify the exact emission savings to be captured. Even
though trucks would be needed in such a setup e.g. for last mile transportation, the external
effects will decrease. In order for this to work in an efficient way, an expansion of the IWT
zones would be needed. This, in order for the IWT vessel to be able to operate on the full
route along the coast strip from Lysekil to Gothenburg where the goods would be
transported.

With all the pieces in place; the customer is ready, the volumes exist, the vessel type is set
and all the calculations are made in the preparatory phase, the only thing that stops it is the
framework and the slowness in the authorities’ decision making. Since such a decision needs
to be taken through different levels of authorities, the latest information communicated to
the initiator was that it can take up to six months for the European Commission to present a
decision for the project. This may not seem as a long period of time but during this time, the
shipping company and the project itself becomes paralyzed and nothing can be done more
than waiting for a decision.

6.4.5 Example 5 - socio-economic calculations by consultants

A discussion with a consulting company operating in the transport sector, regarding an old
project where calculations were made on an IWT case from a socio-economic perspective
(e.g. transportation costs, emissions levels and congestion effects). The case included
container feeder traffic from Gothenburg to Uddevalla to replace road transportation on the
same route. Three different scenarios were presented where the scenario of a warehouse
located in connection to the port was shown to be profitable. The other two scenarios failed
to provide a positive outcome due to transhipment costs as the warehouse was not located
in connection to the port. This strengthens the importance of geographical location when
assessing transportation options, where a proximity to port services can make big differences
on such calculations.

6.4.6 Example 6 - prerequisites and problems with container transportation using IWT

This case is created from the interview conducted with one of the shipping companies,
involved in promoting container transportation with IWT. The discussions are summarized to
what follows in the coming sections.

The biggest problem with a container feeder is that the entire economical risk is put on the
shipping company in the initial phase, which usually means one year of preparations etc.
When establishing a container feeder, large capital investments must be made, and since the
shipping companies operating in lake Vanern are rather small, they do not have the economic
resources to do this and the risk is too high. To enter the container segment, investments in
IT-systems also needs to be done, which in turn means more administrative work.



The interviewee then compared this to the Netherlands and Belgium where the IWT system
is more integrated with the transportation system, as bigger actors see the potential and work
more focused towards an increased IWT. Here, it is usually a bigger actor that controls the
container flows and charters vessels to maintain the schedule and if empty containers need
to be positioned, one way trips are bought from the spot market. In the same manner as in
Sweden, the shipping company undertakes the economic risks but as it often is a bigger actor
with established administrative resources and IT-systems in place, the investments become
relatively smaller. Additionally, the shipping company and IWT services then works under the
same rules as the road transportation and the vessels are seen as “trailers on waterways”. In
Sweden, the equivalent actor does not see the possibilities with barge traffic on inland
waterways which results in the dominance of road- and rail transportation that can be
identified today.

When discussing the prerequisites for establishing a container feeder in Sweden and
specifically which volumes that are needed to make it sustainable, it was concluded that
approximately 400 containers (20 foot) per week is needed in order to get started. With
today’s situation of IWT in Sweden, these volumes do not exist. Additionally, the ports
operating in the area needs to change business strategy where an active participation towards
an increased usage of the waterways is needed in order to support the effort made by the
initiators for such projects. The ocean shipping companies also needs to realise the benefits
of moving depots and distribution centers to smaller ports located in the hinterland of smaller
ports. This, in order to become more efficient in transhipment operations and to attract bigger
volumes.



7. Discussion

In this chapter, the previous chapters are discussed together in order to present the
conclusions for the study. Firstly, a quantitative discussion will be presented where
highlighted numbers in the report are addressed. Further, the insight and knowledge of goods
flows gathered from the goods flow mapping, the empirical understanding provided by
interviewing involved actors together with the theoretical framework, together provides the
input required to discuss different factors affecting the real potential for IWT in Sweden.

7.1 Quantitative discussion

The highlighted numbers presented further are firstly for the goods flows between the
counties surrounding lake Vanern (section 4.10) followed by the numbers from the
constructed container case (chapter 5). In order to distinguish potential for IWT and present
guantitative conclusions, different factors are discussed. Namely; the different commodities
transported in the flows, geographical locations of the destinations and origins, identified
flow imbalances and rough estimations of what the volumes represent in number of road
transports. The following sections intends to quantify the investigated flows to present a
picture of how many road transports that is represented for the presented goods volumes.

7.1.1 Flows between the counties quantified

With this data selection, 26 commodities were included, representing approximately
3.600.000 tonnes. Road transportation represent the only transport mode in most of the
directions where estimates of what the volumes of these flows generates in number of road
transports. With a rough estimate where one road shipment carries on average 30 tonnes,
the amount of shipment included is 108.600. Table 4.2 presents the numbers in detail where
at first sight, imbalances seem to occur. However, looking at the top contributors where 80%
of the volume is allocated to reveals that there are flows in both directions between the
counties with the same nodes. Gothenburg is an example of a node highly represented in the
cases where Vastra Gotaland is included. The same applies for other nodes such as Karlstad,
Kristinehamn, Karlskoga and Orebro. A common factor for these, except Orebro, is a proximity
to ports. From Orebro county, extra transhipments will be required as intermodal setups are
needed to reach access to IWT. The flows between these nodes with the selected
commodities identified as suitable for IWT generates approximately 11.300 road transports.

Significant volumes of roundwood was identified, where no potential for a modal shift to IWT
is considered realistic. The nature of the wood and paper industry, especially for sourcing of
raw material, where the products are sourced locally and transported through the assisting
road infrastructure, making no other transport choice viable. This is identified from the data
analysis and strengthened by the interview with one of the goods owners.



Looking beyond the roundwood, approximately 1.530.000 tonnes remains which is then
estimated to 51.100 road transports. Commodities within this share are for example sawed,
planed wood products, other foods and tobacco products, iron and steel, grain, peat. For these
commodities, the same logic as for roundwood cannot be distinguished, pointing at longer
distances and better feasibility for IWT.

7.1.2 Container case quantified

With this data selection, 35 commodities were included, representing approximately
5.400.000 tonnes. This is estimated to 131.000 road transports with 30 tonnes per shipment.
Additionally, approximately 1.500.000 tonnes are transported with other transport modes
where rail and maritime transportation is included. This implies that the waterways have been
used for some of the volumes where respondents from the interviews has explained that they
have export flows utilizing maritime transportation, e.g. to Great Britain.

The shares of foreign trade in this scenario are significantly larger than the domestic flows
where an imbalance between the Gothenburg area and Kristinehamn area also is identified.
The volumes of the outbound flows from the Kristinehamn area are much larger than the
inbound, meaning that there exists no balance with this data selection. Nodes located close
to ports are identified here as Gothenburg, Grums, Hommardé and Kristinehamn where goods
volumes are found. Between the nodes in the Kristinehamn area and Gothenburg, including
foreign trade flows carried by road transports is summarized to approximately 32.000 road
transports.

Additionally, from Gothenburg several flows to different destinations are identified within the
Kristinehamn area, consisting of a total of 58.000 tonnes and equivalent to approximately
1.900 road transports.

Looking at what the goods flows consist of, paper and cardboard is identified in both
directions of the foreign trade flows. The same applies for iron and steel. The domestic flows
do not show the same balance between the commodities. To the Kristinehamn area, other
foods and tobacco products together with chemicals and chemical products are found
whereas the opposite direction shows flows consisting of a larger variety of goods. Iron and
steel, sawed, planed wood products, paper and cardboard, dairy products, drinks and ice
cream represent the largest volumes in the south going direction.

7.2 The modal choice

There is undeniably potential for IWT to be used as a mean to achieve a better balance in the
transport system. Jonsson & Mattsson (2011) advocates a holistic view of the transport
system where synergies between the different components can result in higher efficiency.
One of these components are transport buyers and goods owners, where the ultimate



decision of how to transport goods is taken. During interview with goods owners, a recurrent
topic has been their reasoning for transporting goods and how IWT could be an integrated
part in their supply chains. The transport quality factors included in the theoretical framework
has been used in order to assess their prioritizations and to explain why goods are transported
in certain ways. The transport modes with relating transport quality factors are discussed in
the following sections.

Rodrigue, Comtois & Slack (2015) mean that that road transportation is the main transport
mode as it offers both connectivity and flexibility, which is strengthened for this study, both
by the goods flow mapping and the findings from the interviews. The prevailing infrastructure
facilitates the large share of road transportation used today where the connectivity and
flexibility of the transport mode constitutes major benefits in comparison to the other
alternatives. Road transportation has a wide spread of application areas and is used in various
transportation setups (Jonsson & Mattsson, 2011) which can explain the dominance of road
transportation presented in the goods flow mapping, especially for domestic transportation.

Looking at the drawbacks of road transportation, Rodrigue, Comtois & Slack (2015) conclude
the main disadvantages as the external effects generated, e.g. emissions, noise and
congestions. These effects may in turn affect the reliability of the transport, which is brought
up as the most important transport quality factor by many of the respondents. The congested
area around the port of Gothenburg affects the connectivity and flexibility of road
transportation, where IWT is a possible tool to decrease the utilization of the road network.
However, from a goods owners’ perspective where reliability often is the most important
factor, this dilemma is known but due to previous experiences with delays and abruptions for
shipments using IWT, the reliability of the transport mode becomes questioned. Geographical
location is concluded to have major impact on the potential to transfer goods to IWT, which
relates to the connectivity of the transport modes. Without suitable infrastructure and
equipment, road transportation often becomes the only reasonable transportation option.

Looking at rail transportation, the secondary data reveals that it is usually single or a few
commodities shipped in relatively high volumes. The origins and destinations are fixed to the
entities located close to the railway system, pointing at the lack of flexibility of rail
transportation, as described by Jonsson & Mattsson (2011). The respondents often describe
that road transportation is used to the largest extent, but rail transportation is used for some
of the volumes where this transportation setup is proven economically viable, which is a result
of the fuel economy achieved in the transports. The capacity constraints in the railway system
is also expressed as a hindrance for using it more.

Lindgren & Vierth (2017) describe sea transportation as able to absorb the biggest volumes
per shipments, but limited between harbours. Looking at the import volumes to the counties,
especially Vastra Gotaland, the largest volumes are transported to ports located along the



coastline (Gothenburg and Lysekil). Crude oil evidently represents the largest volumes
transported here, showing that large volumes are transported over long distances. These
goods flows are further distributed, mainly by road transportation, where example 4 from the
empirical findings presents an alternative approach for petroleum products. This shows that
commitment from actors can change a transportation setup, favouring IWT in this case. Even
though waiting for authorities to perform the administrative process, the project is ready to
launch.

Wiegmans & Konings (2015) argue that IWT is able to compete with road- and rail
transportation if the number of transhipments in the transport chain is reduced, since this
have a direct impact on the total transport cost. Again, the geographical location is here an
important factor for the potential for IWT, as Caris et al. (2014) states. Transhipments are
brought up as an important factor for goods owners when assessing their transportation
options as it has significant impact on the transportation cost. Depending on where the
facilities of the goods owners are located, the suitability for IWT in their logistics operations
differ. As one of the respondents (located in connection to a port) explained, their operational
activities are not impacted by changing from road transports to IWT, but just a matter of
planning. This demands a fixed schedule for departing IWT vessels. The available
infrastructure and equipment located in connection to their facility makes this possible and
in this case, the number of transhipment can in fact be reduced if the goods are transferred
to IWT. In the case of a goods owner being located further away from a port, transhipments
together with an increased complexity for the first mile transportation often eliminates IWT
as an option. This due to the possible positive effects being eliminated by higher costs and
additional routes.

The distribution between the transport modes is naturally unbalanced, where different
transport options are more or less competitive depending on the specific context. The fact
that road transportation holds many advantages from a goods owners’ perspective is
reflected in the goods flow mapping and as reliability is considered very important, flexibility
and connectivity in turn becomes crucial. Flodén, Barthel & Sorkina (2017) presents a model
with different layers of factors affecting a modal choice, where cost constitutes a benchmark
against which the other factors are valued. They mean that modal choice is a decision that
depends on the combined performance of a number of factors where these factors are
appointed different importance for the decision.

The cost of a transportation is not always decisive where one of the respondents meant that
“they pay for the transport quality offered”. However, a price consciousness is always present
for the transport buyer where a higher cost must be motivated by a better transport
performance. This implies, as IWT will have a hard time competing on lead time, flexibility and
accessibility, that the price must become lower. It is not a static equation with one correct
answer. Depending on cost structures (fees), service quality requirements, suitability with
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existing infrastructure and equipment etc., the transport mode is chosen. If the context
changes, the combined performance of the included factors may result in that alternative
transport modes becomes prioritized.

Tradition is also something that affects company’s transportation setup, as stated by Garberg
(2016) and by some of the interview respondents. When a goods owner has dedicated
themselves to one transport mode, there is an inherent aversion towards changing this
transportation setup. In order for goods owners to change their mind-set, a change of context
must happen, where at least one of the transport quality factors must change in order for the
combined performance to favour other transport modes, as one of the respondents meant.

Respondents expressed that tradition affects the modal choice for goods owners in general
and in particular for the wood and paper industry. In general, tradition affects all the modal
choices, where road transportation has historically been prioritized in Sweden. The small
share of IWT identified in Sweden today is believed to be a result of the “Swedish way” where
the history has decided the future path to take. Comparing it to countries where IWT is more
established and widespread a different approach has been taken where it is instead treated
as an integrated component in the system. The governance also differs where a more active
commitment towards utilizing the waterways fully can be identified from the study.

For the wood and paper industry in particular, one of the respondents meant that the industry
is rather conservative and relies on already established transportation setups. This relates to
the willingness to try new options in the form of IWT, where a stable base volume is needed
in order to get projects going. The need for a proven concept is considered big, as goods
owners seek reliable transportation setups, but in order to be able to display the transport
performance of such a transport setup, the base volume is needed. As there already exist
projects aimed at using the inland waterways for transports, these need to be promoted and
sponsored to show the industry that their reliability concern will be taken care of and their
goods will arrive to the customers on time.

As sustainability is a big part of the reason to promote IWT in Sweden, the potential can also
be highlighted from an environmental friendly perspective. During the interview with the
shipping company, also responsible for producing new IWT vessels, sustainability of the
transport mode was discussed. Brons and Christidis (2013) mean that the development of the
other transport modes is at a more rapid pace, putting IWT vessels under pressure. However,
the respondent explained that the new vessels produced are “beyond legislation”, performing
well above the requirements demanded by regulations. These vessels use LNG fuels which is
the reason for the better performance. Even though being 15-20% more expensive to
manufacture and thus also more expensive to purchase, there are industries looking beyond
the price of a vessel to be able to align their logistics operations with their sustainability goals.
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Electrification of the vessels travelling along the waterways is also possible which would
strengthen the transport modes sustainability claim even more.

The socio-economic performance can also be improved by establishing new IWT transport
solutions where the interviewed consultants explained that with the right prerequisites in
place, positive outcomes can be generated. This also points at the importance of streamlining
the supply chain to reduce the amount of transhipments and strategically place the nodes in
order for the transports to be performed effectively.

7.2 Containerization for IWT

With the understanding of containers being a high potential area for IWT in Sweden, the
“Container Case” was constructed to highlight suitable goods for containers and how they
currently are transported in the focus area. Looking into the factors affecting a container
shuttle between Gothenburg and Kristinehamn, the report written by WSP (2015) have
concluded the situation by presenting a SWOT-analysis (See figure 3.5).

The strengths are put forward as firstly a strategic location with proximity to available
volumes of import- and export flows with good connecting infrastructure. There are also
already established terminals with available port functions. These can be concluded as major
strengths and considered prerequisites for freight operations. They are also internal factors,
as Wiegmans & Witte (2017) suggest. Concluded to also constitute a prerequisite for this is a
container depot connected to the port, to facilitate empty container positioning, which have
good possibilities to be established. With the internal factors in place, there are also strengths
identified as external factors which represent the collaborations between the shipping
companies’ active in the region.

Opportunities are presented as the capacity constraints in the land infrastructure together
with the underutilized capacity in the waterways. This is exactly why IWT has large potential
to be used as a mean to achieve a more balanced transport system. As one IWT vessel carrying
containers can remove up to 130 truckloads from the road infrastructure, the opportunities
are considered large. The renovation of the locks in Trollhdttan has also been decided, where
the capacity in turn will increase, giving even more incentives for establishing this IWT
solution.

The weaknesses and threats relates to all the factors causing IWT to not be considered a truly
competitive mode of transport compared to the others as stated by Mircetic et al (2017).
These factors are also included in the barriers and key issues for IWT presented by Rogerson
& Santén (2018). There are pieces of the puzzles that need to be put in place for IWT to truly
live up to its full potential, which are highlighted in different ways throughout this thesis. A
long-term availability of goods volumes is needed in order for the initiators (see the following
section) to be able to display proven concept for the industry, hopefully to result in a change

1292



in transportation setup which is also needed from the industry. This implies the importance

of attracting goods volumes, which is considered as a main driver for the other factors to be
able to change in favour of IWT. The other threats included in the SWOT-analysis relates to
the IWT framework, and discussed in the following section.

7.3 The decision makers

IWT solutions are available and potential for an increased utilization of the Swedish
waterways is undeniable. The question of why the transport system remains unbalanced
leads to the discussion of how the framework controlling the rules and regulations affects
IWT. In order to display this, the decision-makers are grouped into three different levels
where the following model has been created (see figure 7.1):

¢

Figure 7.1. Model of the three levels of decision-makers

o Level 1: Authorities

o
o
o
o
(@)

European commission

Swedish government with politicians
Transportstyrelsen

Sjofartsverket

Other involved authorities

o Level 2: Initiators

o
o
(@)

Shipping companies (Avatar Logistics)
Municipalities with focused IWT associations
Research institutes (SSPA, authors of this thesis)

e Level 3: Goods owners

(@)

Companies generating goods flows

The authorities in the first level of decision making sets the overall rules for the transport
system. The rules and regulations for transportation is decided where missions are delegated
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to the other authorities involved, e.g. Sjofartsverket. A holistic approach where a prosperous
transport system should be the overall goal where the efforts should be aimed at achieving
balance and utilizing the infrastructure in the best possible way. The example of implementing
the NAIADES Il only partially with technical alleviations on the vessels displays insufficient
efforts at trying to increase the utilization of the waterways. From the understanding
gathered from this study, the holistic approach from the authorities is questioned by the
authors.

The second level represents the initiators. This is where the work aimed at promoting IWT is
done. A big actor in this level is Avatar Logistics, actively trying to establish logistics solutions
for IWT. This is also where the biggest optimism towards the transport mode is identified and
where the potential for IWT is trying to be captured. Such initiators play a big role in
promoting IWT and changing the rules of the game in order to be able to meet customer
demand with competitive offers.

Included here are also municipalities active in the promotion, where a self-interest for an
increased use of the port services is present as the ports located around lake Vanern and Géta
Alv river often are owned by the municipalities. Research institutes such as SSPA also
contributes with investigations and research aimed at promoting IWT, where this thesis is
included.

The third and last level of the model constitutes the goods owners. These are the ultimate
decision makers of how goods are being transported. As discussed in the beginning of this
chapter, their modal choice depends on several factors but with the right prerequisites,
decisions will be taken in different ways and alternative transport modes will probably be
used to a larger extent. The first level of decision makers needs to see the underlying levels
as an extension of their own organisation and facilitate the necessary work carried out in the
second level, which in turn can affect the third and ultimate level to make their transport
choices according to what is needed to create balance in the transport system. Just as
streamlining a supply chain, the different levels and their intersections need to be fine-tuned
to achieve a better output.

7.3.1 The pilot fee system

As accounted for in the empirical findings, the pilot fee system is affecting the economic
perspective of transportation. It is classified as a regulatory barrier for an increased IWT in
Sweden by Rogerson & Santén (2018). The situation of IWT in Sweden, and specifically on lake
Vinern and Géta Alv river, has been examined in this study where this is a hot topic among
those whose daily work revolves around IWT. The respondent from one of the shipping
companies explained that approximately half of his working time has been allocated to
process authorities with the aim of facilitating IWT in Sweden. This implies the large impact
the pilot fee system has on the potential for an increased usage of IWT.
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As this is considered to be outside of the scope of the study, that mainly focuses on the goods
flow mapping, it could be argued that this topic thus should be delimited. However, as it
would be unrealistic to discuss a future potential for IWT without addressing the pilot fee
system, it is included to the degree of where it is explained and concluded to need revision.
Further investigation of how the framework should be composed is therefore delimited.

What can be concluded without digging too deep is that if Sweden wants to accomplish
balance in the transportation system and reduce external effects of transportation, a holistic
approach must be taken where the different systems for the transport modes needs to be
integrated as one entity. Political processes are slow and the administrative processes are
ineffective, which the actors trying to establish goods flows on the waterways, are well aware
of. This results in less actors willing to take a chance to try to establish transportation setups
using IWT to any larger extent than today. There are goods flows suitable for IWT to and from
the port of Gothenburg, utilizing lake Vanern and Géta Alv river, but the rules of the game
needs to be changed in order for the transport system to become more balanced. The
respondents advocate a new classification of IWT to be able to achieve a framework imposing
equal shares of fees to IWT, rail- and road transportation.
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8. Conclusions

The purpose of this study was to identify potential for an increased usage of IWT in lake
Vinern and Géta Alv river, based on existing goods flows. To fulfil this purpose, research
guestions were formulated, which have guided the project. The first research question is
answered by the goods flow mapping, where the three counties’” inbound- and outbound
goods flows have been accounted for in chapter 4. This question addresses all goods flows on
an aggregated level, whereas the rest of the study is focused on IWT. A comparative analysis
of the goods flows between the counties is also presented in order to highlight the flows in
the area around lake Vanern and Géta Alv river, that provides understanding related to the
first research question. To provide a summarized answer to the first research question —
“What are the inbound- and outbound flows in the counties of Varmland, Vastra Goétaland
and Orebro”, figure 4.2 answers exactly this:
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Figure 4.2. Bar chart of inbound- and outbound goods flow in respective county

Research question 2a, “Which goods types are suitable?”, is answered by comparing the
statistics of the most commonly transported goods types both in Sweden and in Europe and
then matching these with the included commodities in the secondary data. 26 commodities
where identified as suitable for IWT. However, after investigation, roundwood can be
concluded as not transferable goods flows due to the geographical location and nature of the
sourcing of the raw material for the wood and paper industry. Additionally, 35 commodities
were identified as suitable for containerisation, which also provides insight on which goods
types that are suitable for IWT.

To answer research question 2b, “What potential goods flows exist in the geographical area

that could be transferable?” the goods volumes has been summarized to approximately
5.430.000 tonnes, representing 182.000 road transports. The answer to research question 2c
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“What potential is there for containerisation?”, lies within these numbers as well, where the
constructed container case intends to assist this investigation. In total 3.900.000 tonnes are
carried by road transportation in the container case, representing 131.000 road transports.
However, these answers are rough estimations due to the difficulty to identify reasonable
averages for different flows of commodities.

Research question 2d, “How do actors in the supply chain consider the use of IWT?” is
answered by chapter 6 where the interviews conducted are presented. It can be concluded
that there is a positive attitude towards IWT and with the right prerequisites and proven
concept, there exist goods flows that could utilize the waterways to a higher degree.

Question 2abcd provides the insight and knowledge needed to answer the overall research
guestions of what potential that can be identified for an increased usage of IWT in lake Vanern
and Géta Alv river. As this study has mainly focused on goods flows, since being a part of the
work package “goods flow mapping”, the main findings show that there are existing goods
flows suitable for a transfer from the road network to the inland waterways, if barriers and
key issues can be solved. The exact quantification of this cannot be presented through this
study since there are several other factors affecting the real potential.

This study concludes that there is undeniable potential for an increased usage of IWT in
Sweden, but that there needs to be structural changes made relating to the Swedish IWT
framework in order to facilitate a balanced transport system. The potential for an increase
usage of IWT in lake Vinern and Géta Alv river is hard to quantify, due to the different
contexts and different factors affecting their suitability for IWT. Reliability, flexibility,
connectivity and cost are decisive factors influencing the modal choice for goods transports
and especially the suitability for IWT.
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