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Abstract
The transportation sector is the biggest greenhouse gas emission source and accounts for
approximately 22% of the global carbon dioxide (CO2) emission. The ongoing global warming
caused by CO2 emissions has led to increased efforts to reduce these emissions. Studies from
many parts of the world have identified railway as the most environmental friendly
transportation mode why there is a significant incentive to expand the infrastructure of railway.
There is, however, limited research regarding emissions and energy-efficiency tools applicable in
the construction of the railway system. Therefore this report investigates which opportunities
exist for decision makers to influence and to take actions that will reduce CO2 emissions during
construction of a railway system. Furthermore it suggests methods for how CO2 savings and the
related economic benefits and costs can be estimated. A case study on the Austrian railway
company Österreischiche Bundesbahn (ÖBB) is conducted in order to investigate how and to
what extent these suggestions can be implemented. The results reveal that carbon accounting,
applying wooden material over concrete and steel, and exporting excavated material on rail
instead of road are all actions that can be taken to reduce emissions.

Sammanfattning
Transportsektorn är den största orsaken till växthusgasutsläpp och står för cirka 22% av det
globala utsläppet av koldioxid. Den globala växthuseffekten och temperaturhöjningen som
uppstått i spåret av dessa utsläpp har lett till ökade ansträngningar för att minska utsläppen.
Många studier lyfter fram järnvägsbunden trafik som det mest miljövänliga transportsättet, och
därför finns ett ökat incitament att bygga ut järnvägsbunden infrastruktur. Få studier undersöker
dock vilka utsläpp järnvägstransport orsakar under själva byggnadsfasen och vilka hjälpmedel
och verktyg som kan användas för att minska dessa. I denna rapport undersöks vilka möjligheter
det finns för beslutsfattare att påverka utsläppen under utbyggnation av järnväg. I rapporten
presenteras också konkreta åtgärder som kan leda till minskade utsläpp. Dessutom diskuteras
kostnadsaspekterna relaterade till minskning av koldioxidutsläpp. En fallstudie på österrikiska
Österreischiche Bundesbahn (ÖBB) har gjorts för att undersöka hur och i vilken utsträckning de
olika koldioxidbesparande metoderna kan implementeras. Resultaten visar att kartlägga
koldioxidutsläpp, använda trä i större utsträckning för att minska användandet av stål och betong,
och transportera utgrävt material på järnväg istället för med lastbil är alla effektiva åtgärder för
att minska utsläppen.
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1 Introduction
1.1 Background
The industrialization has led to a significant increase in resource and energy consumption, which
in turn has led to an increase of greenhouse gas (GHG) emissions in the air (Schetter et al.,
2009). Carbon dioxide (CO2) represents 95% of the GHG-emissions (Morita et al., 2011) and
still today, the CO2 content in the atmosphere is increasing with an increasing rate. So does the
global temperature on earth (Laestadius, 2013). The majority of today’s climate scientists are
convinced that the increased emissions of carbon dioxide into the air are closely related to the
increased average air temperature on earth (Schetter et al., 2009). Figure 1 and Figure 2 illustrate
the increased amount of CO2 emissions in the air during the last century, and the anomalies in
the temperature for the period of 2004-2013 compared to the temperature during 1951-1980,
respectively (Laestadius, 2013). The climate change already has a serious and widespread impact
on the nature, the economy and our health (EEA, 2014). Therefore, it is important that actions
are taken to reduce the CO2 emissions and stabilize the temperature on earth (IPCC, 2014).

Figure 1- Concentration of GHG

Figure 2- Anomaly in temperature vs 1951 – 1980.

Many global efforts have been taken to reduce the emissions and stabilize the greenhouse gas
concentration in the atmosphere. Under the Kyoto Protocol, which entered into force in 2005,
many industrialized countries agreed to limit their emissions of greenhouse gases (UNFCCC,
2014). European Union has set up a binding legislation, which aims to ensure that the European
Union meets the target to reduce the greenhouse gas emissions from 1990 levels with 20% by
2020 (EU, 2014). These legislations make it important for companies to set up actions and goals
on how they should reduce their carbon footprint (EU, 2014).
The transport sector is the biggest greenhouse gas emission source (Leichtfried, 2014) and is
responsible for 22% of the global CO2 emissions (Schwarzer, Treber, 2013). The emissions
emitted during operation from different transportation modes however vary significantly (Morita
et al., 2011). As Figure 3 below illustrates, motor vehicles are the main air pollutant source,
while rail transportation emits relatively little carbon dioxide.
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Figure 3 - CO2 emissions during operation for different transport modes

The environmental advantages with rail indicate that a switch from transportation on the roads to
transportation on railway is a natural step in reducing the CO2 emissions of the transportation
sector (ÖBB, 2014). Calculations on the proposed Europabanan, a high-speed rail track which, if
accepted, will be completed in Sweden by 2025, show that the estimated shift from truck, air and
road to rail travel associated with the expansion will lead to a reduction of 550 000 tons of CO2equivalents1 per year (Åkerman, 2011).
The CO2 saving potential, together with the increased demand on city infrastructure and
connections among cities will lead to an expansion of existing railway systems (Walker et al.,
2014). However, even though considered an environmental friendly transportation mode during
operation, little consideration is often given to the environmental load during the construction of
the railway (Morita et al., 2011). The construction sector is a major contributor to greenhouse
gas emissions, and stands for 33% of the world’s resource and energy consumption (Zhan et al.,
2013). Not considering the energy use and other environmental impacts throughout the whole
life cycle of transport infrastructure may lead to a suboptimal transport planning decisions from
an environmental point of view. Therefore, a better knowledge of the energy use during
construction for transport infrastructure is required (Miliutenko et al., 2012).

1.2 Purpose
The overall aim with this study is to address the need for a life cycle perspective in the railway
sector. As previous section states, even though emissions are caused in all phases of a railway
construction – planning, design, construction, operation, maintenance and disposal – it is often
only the operation phase that is being emphasized when evaluating the environmental load.
There is thus a better need for knowledge of the environmental load in the other phases.
Therefore, the main purpose of this study is to increase the decision makers’ awareness of CO2
emitting activities in the construction phase. The intention is to contribute with increased
awareness of what decisions can be taken in the planning phase, and which actions can be taken
during construction phase in order to decrease the total amount of CO2 emissions from railway
construction.

1

A quantity describing, for a given mixture of greenhouse gases, which amount of CO2 would
have the same global warming potential.
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1.3 Research question
The research question which this study aims to address is formulated as follows:
What decision factors during the planning phase of a railway construction influence CO2
emission during the expansion of an existing railway?
In order to answer the question, the problem has been divided into smaller categories:




What CO2-emitting activities in railway construction does previous literature identify, and which
tools and actions are suggested to reduce them?
Which materials support a reduction of CO2 emissions?
How can the management of excavated material help reduce CO2 emissions?

In order to give a perspective of the economic influence of CO2 reduction, the following question
will be answered integrated with the rest of the work:
What are the economic benefits and costs of reducing CO2 emissions during the construction
phase in an expansion of the railway?

1.4 Thesis outline
In order to answer the research question and accomplish the purpose with this study, a literature
review was first conducted. The literature review focuses on identifying the severest CO2
emitting activities during railway construction, and actions and tools that have been shown
successful in reducing CO2 emissions. The literature review also emphasises the impact the
choice of material has on CO2 emissions by summarizing the existing knowledge and experience
in the area. Studies published in relevant journals has been reviewed and the findings are
summarized.
In order to further identify actions that can help reduce CO2 emissions, and examine how a
railway company works with these challenges in reality, an empirical study has been conducted.
The case study was conducted at Österreichischen Bundesbahnen (ÖBB) in Vienna through a
two month internship in the project group Neu- und Ausbau Projektleitung Wien Süd/Lainzer
Tunnel. Detailed documentations, the so called Umweltverträglichkeitserklärungen (UVE)
(which could be translated into "environmental explanation and compatibility") yielded as the
base of the studies. The UVE is an assessment of the environmental, social and economic aspects
a proposed project will have. The purpose is to ensure that decision makers consider the
environmental impacts when deciding whether or not to proceed with a project. They are
conducted by ÖBB in corporation with specialized companies and then presented to the
government. The government then perform a review of the UVE, which is called an
Umweltverträglichkeitsprüfungsgesetz (UVP-G), where they decide if the project has taken
enough consideration to the environment to be allowed to proceed. The UVP-G has been in force
since 1993 and is an implementation of EU’s guideline for the Environmental Impact
Assessment (EIA) (Umweltbundesamt, 2014). For private and public projects, being considered
to have significant effects on the environment, it is mandatory to do an EIA. Long distance
railway lines fall into this category (EU, 2014).
Furthermore, pre-construction-planning documentation, studies conducted by environmental
experts at ÖBB and various reports for decision support provided by ÖBB have been reviewed in
order to access the required information. Also, observations of the daily work during the
planning phase, study visits to construction sites, interviews with project members and experts in
various fields have help address the purpose and answer the research question.
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1.5 Limitation
Railway construction has numerous impacts on the environment. Because of an interest in the
role of air pollution on climate change, and since CO2 represents 95% of the emitted greenhouse
gases (Morita et al., 2011) the project has limited environmental load to only include CO2
emissions. This excludes the following impacts railway construction has on the environment,
which also has to be carefully evaluated for UVP-G:









Noise protection
Electromagnetic fields
Human medicine
Agriculture and land
Forestry and wildlife
Fish- and water ecology
Natural heritage for animal and plants
The natural scenery of the landscape

Evaluating the emissions from a life cycle perspective would require looking at the CO2
emissions in all phases of the railway’s life: planning, design, construction, operation,
maintenance and disposal. This study will however only focus on the planning, design and
construction phase.
The empirical case study will be limited to projects at Österreichische Bundesbahnen in Austria.
The time for the case study will be 2 months, 23th March till 23th May 2014.

1.6 Used Vocabulary
Carbon dioxide (CO2)
CO2-equivalent

The most abundant greenhouse gas.
A quantity describing, for a given mixture of
greenhouse gases, which amount of CO2 would have
the same global warming potential.
Environmental Impact Assessment
Assessment of the environmental, social and economic
(EIA)
aspects a proposed project will have with the purpose
is to ensure that decision makers consider the
environmental impacts.
Greenhouse gas (GHG )
Gases that contribute to the increased temperature on
earth.
Life Cycle Assessment (LCA)
The idea to assess the potential environmental impact
and resource consumption throughout a project’s or
product’s whole life cycle.
UmweltverträglichkeitsprüfungsAn assessment of the environmental impact a proposed
erklärung (UVE)
project will have, conducted by the company/authority
executing the project.
Umweltverträglichkeitsprüfungsgesetz A review of the UVE conducted by the government in
(UVP-G)
order to decide if a proposed project has taken enough
consideration to the environment to be allowed to
proceed. The Austrian implementation of EU’s
guidelines for the EIA.
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2 Literature review
2.1 The Life Cycle Assessment tool
The literature reviewed for this project is agreed on, that the most common and effective tool for
reducing CO2 emissions during construction projects is the Life Cycle Assessment tool
(Miliutenko et al., 2012; Morita et al., 2011; Wu, Wang, 2013; Han et al., 2012). Using this tool
can help designers and construction professionals making environmentally-conscious decisions
during the building design and construction phase of construction projects (Orabi et al., 2012).
The LCA-tool is used to assess the potential environmental impact and resource consumption
throughout a project’s or product’s life. The idea is to evaluate the environmental impact of all
stages of the product’s or project’s life cycle, from raw material acquisition through production,
operation and disposal. Doing this makes it possible to analyse the environmental impact of
different phases in the project’s or product’s life cycles, and also identify activities in the
different phases that contribute to the environmental load. It is not until an understanding of
which factors cause environmental damage and make the largest contribution to energy demand
and global warming potential in respectively phase, that actions can be taken to reduce the
environmental impact.
LCA is used in various construction projects; buildings, transport infrastructure and has also
been proven applicable in railway construction (Wu, Wang, 2013). Numerous studies have been
made on which impact the operation phase of infrastructure has on the environment. Recently
however, an increased emphasis has been put on the construction phase, resulting in LCA
models evaluating the environmental performance in the construction phase of construction
projects. The use of the model is then expected to help in the selection of a construction method
that can minimize the environmental load (Morita et al., 2011; Han et al., 2012). Including
carbon accounting in the decision-making process, different designs can result and influence
decision making (Walker et al., 2014). In the following section two studies which have focused
on the construction phase, and limited the environmental load to CO2 reduction will be
presented.
2.1.1 CO2 emitting activities during construction
The factors that will have the main impact on the CO2 emissions during the construction phase
are related to material and equipment. In a study of a new railway in Tokyo, Morita (2011)
identified the three main activities that will emit CO2 during construction as (1) Emissions from
resources (2) Emissions from transportation of resources and (3) Emissions from construction
work. A concept proposed by Japan Society of Civil Engineers called Basic Unit was used. The
Basic Unit of CO2 is the “quantity of CO2 emission from the unit quantity of the material or
work” (p.454). Multiplying the Basic Unit with the quantity of consumed material or work gives
the emitted quantity of CO2. Table 1 shows how the CO2 emissions for respectively category can
be calculated.

Emission source

Resources
Transportation of
resources
Construction work

Morita's Basic Unit Approach
Calculation
The consumption (collection and refinement) is
calculated by multiplying the quantity of resources
needed and its basic unit of CO2 emissions
CO2 emissions from fuel consumption during
transportation
CO2 emissions from the fuel of the machines

Table 1 – Morita’s Basic Unit Approach
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This approaches help quantify the CO2 emission from the use of the different materials and
equipment inputted in the construction phase. Applying this method on different designs and
construction methods, the one with the least CO2 emissions can be identified.

2.2 Reduction of CO2 emissions through actions during construction
Previous section identified the main contributors to CO2 emissions and suggested LCA to be an
efficient tool for revealing the most environmental friendly design- and construction procedures.
Even though there is some potential to reduce CO2 in the planning phase, Walker (2014)
proposes that the biggest potential to reduce CO2 exists in the construction phase. In the
construction stage, CO2 reduction options include energy efficiency on-site, machinery choice
and waste reduction.
Optimizing construction equipment and vehicle use play a significant role in reducing emissions
from construction sites and the associated transports. Emissions from construction equipment
could be reduced through reduced idling time, assessing idle restriction regulations and
operational strategies (Lewis et al., 2012). Also, choosing the right machinery for the task and
avoiding inefficiently oversized machines, servicing equipment correctly and organizing
efficiency training for those who drive mobile equipment are useful tools (Ko, 2010). The earth
type in which the work is performed have also shown to have an impact on CO2 emissions from
the excavation machines. In a case study for a bulldozer performing a bulk excavation activity,
observations indicate that excavation activities executed in clay result in substantially more fuel
combustion than excavations in sand, gravel, loam and common earth. This suggests that,
wherever possible, excavation activities should be performed in clay (Lewis, Hajji, 2012).
Applying different logistic principles for associated transportations could help to improve
efficiency and reduce CO2 emissions from vehicles. Increasing the utilization rate of vehicle by
increasing the average load carried by on each vehicle, reducing the amount of materials moved
and increase driving efficiency through driver behavior and speed limits could help reduce
vehicle movement and reduce emissions. Furthermore, a storage, handling and providing
material to the construction site, can promote the efficient flow of materials by ensuring
departing delivery vehicles are fully loaded, maximizing the reuse and recycling of materials,
checking quality of goods arriving, thus avoiding the need for re-ordering and redelivery (Ko,
2010).
Reducing fuel use would naturally lead to cost savings. In a study conducted on behalf of the
Strategic Forum for Construction and the Carbon Trust (2010), the annual carbon savings from
proposed actions, costs for implementing and cost savings in fuel based on 2008 prices and
typical fuel mix were estimated. It was concluded that training 65% of operators, achieving a
10% improvements in fuel use would save 84 000 tons of CO2. While the costs for the training
would be 100 000 pund, the fuel savings per year would be 19 million pund (Ko, 2010).
Since there are many opportunities to reduce carbon emissions on the construction site, the
contractor (the construction firm executing the construction) plays a key role when it comes to
CO2 reducing actions. The railway company would thus be able to influence emissions emitted
on the construction site by choosing an environmentally conscious construction firm. However,
due to the lack of economic incentives, little consideration is often taken to the CO2 performance
of the construction firm. The choice is often very focused on costs, and in the tendering
procedure, where any contractor can take part, it is often the firm that can perform the work for
the lowest cost which wins the bid (Ariaratnam et al., 2013). This conundrum could however be
solved by an approach developed by ProRail, presented in the following section.
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2.3 Reduction of CO2 emissions through economic actions
The conundrum that little consideration is taken to the environmental performance in the choice
of construction firm could be solved through an approach evaluated by the Dutch railway agency
ProRail. As a part of the company’s CO2 reduction program, the company wanted to encourage
its suppliers to do the same (Duren, 2009). They developed a CO2 performance ladder which
would benefit CO2-consious firms in the tendering procedure. A high position on the ladder
gives an economic benefit in the tendering procedure, and can help contractors with a high CO2awareness win bids over cheaper alternatives. The more conscious and consistently the
contractor works on CO2 reduction, the higher the contractor climbs the CO2 ladder. Many
aspects are included and weighted against each other when giving out the certificate level for the
ladder, for example business car and air travel, outsourced emissions, paper- and electricity use,
waste disposal etc. This approach has been in use since December 2009, but has already shown
remarkable effects and has resulted in an increased awareness in the industry (Dorée et al.,
2011).

Company

Bid

A
B

$100
$103

ProRail's CO2 Performance Ladder
CO2 awareness
Award advantage (%) Fictious bid
certificate level
3
4
$96
4
7
$95,79

Contract
award
No
$103

Table 2 – ProRail’s CO2 Performance Ladder

Table 3 above demonstrates how ProRail’s CO2 performance ladder helps CO2 conscious
construction firms win tendering procedures. Company B has a higher bid than company A.
However, thanks to a high level on the CO2-performance ladder, the fictitious bid of B is lower
and B thus wins the bid. Choosing company B thus leads to a reduced CO2 footprint for ProRail,
but they will on the other hand pay a higher price than would they have chosen company A. In
the fictitious case, the award advantage system results in 3% higher costs for Rail Cargo. Even
though real tender results have shown a much lower “extra cost”, experience from real tenders
confirms that, in the short run, Pro Rail pays a higher price than the market-price. In the contrary,
in the long run, this approach might lead to reduced costs. CO2 consciousness is often cost
effective for the construction company, and only because a company has a high certificate, it
does not have to offer higher bids (Duren, 2009). Optimizing utilization of equipment, material
and resources to reduce CO2 emissions often goes hand in hand with reduced construction cost
and duration of construction projects (Ahn et al., 2013).

2.4 Reduction of CO2 emissions through the choice of material
As proposed earlier, evaluating the material choice in the planning phase could potentially
reduce the carbon footprint of a construction project (Walker et al., 2014). There are many
emissions related to the processing activities of the raw materials used in construction projects.
With intelligent planning and the right choice of material, the environmental impact from the
construction sector can be reduced (Suttner, 2014). Once the structural designer understands the
carbon impacts of available materials, he or she can implement carbon-reduction strategies
(Webster et al., 2011).
This section aims to provide knowledge on how the choice of material in railway construction
can help reduce the CO2 emissions from the project. We first need to understand which materials
used in railway construction emit a lot of carbon dioxide, and which substitutes exist. Then case
studies from the literature will be reviewed. In section 3.7 the findings of how ÖBB works with
material substitution will be presented.
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2.4.1 Material characteristics
Raw materials that consume a lot of CO2 emissions
Concrete and steel are widely used in infrastructure construction and a great deal of CO2 is
emitted during production of these materials (Shi et al., 2012). Converting iron into steel is very
energy intense and, because of its reliance on carbon-based fuels, one of the largest industrial
sources of CO2 emissions (Carpenter, 2012). The manufacturing of cement also contributes
significantly to the release of carbon dioxide in the air. The raw materials are heated to
temperatures of 1450ºC, causing a chemical reaction called calcination. Both the calcination
process and the combustion of the fuel required to heat the cement to the high temperature emit
carbon dioxide (Webster et al., 2011).
Thus, it is not surprising that many studies on construction projects identify concrete and steel to
have a significant environmental impact. For example, in the construction of a Spanish railway
bridge located in the city centre of Viktoria-Gasteiz, the required amount of concrete and steel
production was 64% of the environmental impact of the total material used (García San Martín,
2011).
With the demand for steel and cement in mind, Shi (2012) suggests a prolonged lifetime of
infrastructure as a useful way to avoid more raw material consumption and to mitigate CO2
emissions. Longer product lifetime could be achieved through choosing a supplier who can offer
service and maintenance of their products. This often also proves to be economically efficient
(Leichtfried, 2014). In the long run, applying technical innovations could help achieve a reduction
in raw material consumption (Shi et al., 2012).
Raw material substitute that consumes less CO2 emissions
In contrast to concrete and steel, wood is an energy efficient building material, which gives it a
competitive advantage over other materials (Wall, 2008). Using wooden products would save
CO2 emissions since the demand for other materials emitting a lot of CO2 in its production would
decrease. Thanks to the special characteristics of wood, it also has a positive impact on the CO2
concentration in the air during its lifetime. Wood holds a lot of carbon bound to it, and does not
emit more greenhouse gases than it has once sequestered. For example, a wall the size of a
square meter in solid wood saves approximately as much CO2 emissions, as the corresponding
wall made out of concrete generates. Through a life cycle perspective it has been shown that
every kilogram of used wood could lead to 1.76 kg saved CO2 emissions (Proholz, 2014).
Wooden material however have some negative characteristics, which will be revealed in the
following section.
2.4.2 Actions to reduce the input of steel and concrete
In the previous section it was suggested that a reduced input of steel and concrete, and an
increased usage of wood could lead to reduced CO2 emissions. In the following section, two
studies on how this could be implemented in railway construction will be presented. The first
study investigates the opportunity to apply wood in the track structure, and the second
investigates how the input of steel can be reduced in tunnel construction.
Application of wood in the track structure
The railway track structure can be divided into two groups: superstructure and substructure. The
visible components of the track such as rails, sleepers, rail pads, fastening systems, ballast and
sub-ballast together form the superstructure. The substructure (subgrade in the picture) consists
of the formation layer and the ground (Kaewunruen et al., 2011). Railroad sleepers serve the
function to support the rails. They help to maintain the proper distance between the rails and to
transfer the load from the rail to the ballast bed. Railroad sleepers were traditionally made out of
wood. Today however concrete and steel sleepers are widely employed (Louie, 2013).
14

Figure 4 – Railway track and its components

According to Schimmelpfennig and Halupczok (2009) the economic and environmental benefits
from wooden railroad sleepers suggest an increased and more widespread use. In a study, they
compared the material consumption and energy use for wooden, steel and concrete sleepers. The
whole life cycle of the sleepers was taken into consideration, from production of the main
material and the fastening systems, construction and laying the sleepers into place (since the
procedure is different for sleepers of different materials), operation, maintenance, demolition and
recycling. The study revealed that the wooden sleepers had the least impact on the environment
in all phases. It was also concluded that during its life span, wooden sleepers stores
approximately the same amount of carbon, as is emitted through combustion of fossil fuel
activities during its lifespan. In every wooden sleeper, ca 132 kg CO2 is stored.
Other studies however question the benefits and address some issues related to wooden sleepers.
To resist attacks from insects, which weaken and deteriorate the ties, wooden railroad sleepers
are often chemically treated with creosote (Louie, 2013). Since some of the components of
creosote are poorly degradable the substance can cause severe environmental damage. The
substance is also dangerous for our health since it contains carcinogens (KemI, 2012). In order to
avoid the use of creosote, some companies use the reversed approach to what Schimmelpfenning
and Halupczok suggest. The Swedish Transport Administration Trafikverket, who manages and
is responsible for the long-term infrastructure planning of the railway system in Sweden, started
a project in 2013 with the purpose to substitute 1500 wooden sleepers with concrete sleepers.
According to Trafikverket, concrete sleepers have less environmental impact and are more
environmental friendly since they do not include carcinogens (Bunnvik, 2013). This assumption
contradicts to two life-cycle-studies Kemiinspektionen, a central regulatory agency with the
purpose to make sure corporations take responsibility of their chemical emissions, have taken
part of. They admit that concrete and steel sleepers are an alternative to wooden sleepers, but
state that since they require more energy in production, transportation and installation, they
would cause greater environmental damage than wooden sleepers treated with carcinogenes
(KemI, 2012).
Another negative feature with wooden sleepers are that they are susceptible to damage from
harsh weather conditions and sunlight. Water from rain and snow can penetrate into the surface
of a wooden railroad sleeper. If the sleeper is then exposed to cold weather, the water will
expand when it freezes, causing cracks. They require frequent replacement, which leads to
increasing costs in materials, labour and disposal (Louie, 2013). Also, truck structures with
wooden sleepers are more vulnerable to “sun curves”, which can occur in warm weather. When
the sun heats the steel, the rails expand and the sleepers sometimes fail in keeping the proper
distance between the rails, resulting in a curve. This can causes derailment and severe delays in
the traffic, which have consequences for the society at large (SvD, 2014).
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Innovative construction of invert slabs in railway tunnel
In a study conducted by Vill (2010) it was investigated whether it would be possible to reduce
the input of steel in the construction of a railway tunnel. In tunnels, the ballast bed is omitted and
the rails are instead fastened to invert slabs which rest on the track foundation. The function of
the invert slab is to act as a shield against service water to prevent contamination of formation
water. The invert slab is often made by waterproof concrete, and thus prevents service water
from coming in contact with the formation water. Figure 5 illustrates a cross section of a tunnel
construction exposing the invert slab. Since the slab is subject to constrain such as temperature
differences, cracks can arise, and crack-limiting reinforcement is often necessary. Usually,
reinforcement steel is being used. However, in the construction of the 32.9 km long tunnel
Koralmtunnel in Austria, the project had the goal to leave out the high percentage of
reinforcement steel and construct an unreinforced slab. Thanks to the geological features of the
excavated material, it could be recycled and used as concrete aggregate to produce a special
concrete mix. The features of the invert slabs produced by the concrete mix met both the
waterproof- and crack criteria, making reinforcement steel unnecessary.

Figure 5 – Invert slab in tunnel construction

Thanks to that the invert slab of the tunnel was constructed without reinforcement steel, 95 000
tonnes of CO2 emissions from steel production were saved. This corresponds to 15 000 tonnes
CO2 equivalents, the same amount as the average yearly emitted emissions for 1400 Austrians
(Schuh, 2010). The CO2 savings is however probably greater than this, since the savings from
transport logistics (not having to transport the excavated material out of the tunnel), have not
been included. The unreinforced invert slabs led to further advantages such as cost savings and a
significantly shortened construction time, since the transport and laying of the reinforcement
steel was no longer necessary (Vill et al., 2010).

2.5 Suggestions based on previous discussions
The previous literature studies and discussion have revealed that the biggest amount of CO2
emissions during the construction phase of a railway are caused by the resources used, operation
of construction machines and vehicle movement. These could be reduced by advance planning,
specifying operational strategies and evaluating the choice of material used. It was stated in
Section 1 that a lot of CO2 savings could be done by relocating traffic from the streets to rail. It is
therefore motivated to investigate if decision makers can take advantage of this in the planning
of the construction, and to which extent this would impact CO2 emissions. For this purpose, three
different projects at Österreichische Bundesbahn (ÖBB) have been studied: Pottendorfer Linie &
Terninal Inzersdorf, Lainzer Tunnel and Wiener Bahnhof. The required information, data, and
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emission factors for the calculations have been assessed through the UVE and documentations
provided by ÖBB. Since the previous literature study also revealed that the material has been
shown to have an impact on CO2 emissions, it has also been studied how ÖBB has succeeded in
implemented wood in the construction of the stations Gramatneusiedl, Zeltweg and AttnangPucheim.
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3 Industry experience of CO2 reduction in construction
projects
3.1 Presentation of ÖBB
Österreichische Bundesbahn (ÖBB) is the national railway system of Austria and manages the
infrastructure and operates passengers and freight services. ÖBB is the biggest provider of
transportation in Austria and is considered the most environmental friendly transport solution in
the country (ÖBB, 2014). Figure 6 and Figure 7 show a comparison of CO2 emitted through
ÖBB’s railway nest and other transportation modes, published by ÖBB and Umweltbundesamt
(2013). The graphs reveal that transportation on the railroad leads to more than 20 times less
emissions. Besides the environmental benefits in terms of saved CO2 emissions, external costs
(effects from traffic stocking, resource consumption etc.) for railway transportation are estimated
to be 10 times lower than motor vehicle transportation (ÖBB, 2008).
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Figure 6- Emissions for freight transportation

Emissions for person transportation
250
212
200

176,1

150
100

g-CO2/person and km

76,4

50
14,2
0
ÖBB railway Bus (2012) Automobile
(2012)
(2011)

Aviation
(2011)

Figure 7 – Emissions for person transportation
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To be able to provide reliable, sustainable and environmental friendly transport solutions in the
future, the company continuously takes steps and makes investments in the railway (ÖBB,
2008). The projects Zweigleisiger Ausbau der Pottendorfer Linie, which includes the uprising of
Terminal Inzersdorf, Wien Hauptbahnhof and Lainzer Tunnel are three of these projects. In order
to examine the potential for decision makers to reduce CO2 emissions through construction
logistics, and specifications regarding the excavated material, the following have been studied
for each project respectively. Firstly, Pottendorfer Linie is analysed in order to get an indication
of how much CO2 is emitted during the most intensive construction phases. Then, Terminal
Inzersdorf and Lainzer Tunnel is studied in order to investigate how much CO2 emissions could
be saved exporting the excavated material on rail instead of truck. Thirdly, the construction of
Wien Hauptbahnhof, where excavated material was transported away on rail as well, will be
presented in order to give a full understanding of which logistical challenges must be considered
in the planning phase and how they can be overcomed.

3.2 The projects Pottendorfer Linie and Terminal Inzersdorf
3.2.1 Presentation of the railway line Pottendorfer Linie
The Pottendorfer Linie (illustrated in Figure 8) runs from Wien Matzleinsdorf just south of
Vienna, to Wiener Neustadt. The increased settlement in the southern part of Vienna has put a
strain on the Pottendorfer Linie, and in order to offer an environmental friendly way of
transportation to the increased number of people moving in to southern part of Vienna, ÖBB is
expanding the Pottendorfer Linie from one to two tracks (ÖBB, 2009a).

Figure 8 – Map illustrating the Pottendorfer Linie and Terminal Inzersdorf

The expansion has been divided into two parts:
1. Hennersdorf: km 7.6 – Münchendorf: km 20.8 and
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2. Münchendorf: km 20.8 – Wampersdorf: km 30.5.
The construction activities of part one are divided into 7 construction sections, with 14
construction phases illustrated in the table and figure below. The construction time is estimated
to 57 months (ÖBB, 2009b).
Construction sections Pottendorfer Linie
Section
Name
Distance (km)
1
S1 bis Hennersdorf: Pottendorfer Linie
7.6 - 9.1
2
Bf. Hennersdorf: Pottendorfer Linie
9.1 - 10.4
Strecke Hennersdorf - Achau: Pottendorfer
3
Linie
10.4 - 12.1
4
Aspangbahn: Aspangbahn
14.4 - 16.2
5
Bf. Achau: Pottendorfer Linie
12.1 - 14.4
Strecke Achau - Münchendorf: Pottendorfer
6
Linie
14.4 - 18.1
7
Bf. Münchendorf: Pottendorfer Linie
18.1 - 20.76
Table 3 – Construction sections of the Pottendorfer Linie
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Figure 9 – Construction phases of the Pottendorfer Linie
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Figure 10 – Map of the 7 construction sections of the Pottendorfer Linie

3.2.2 Emission sources during construction
In accordance with the literature, the major CO2 emissions during the construction of the
Pottendorfer Linie will be caused by operation of construction machines (excavators, bulldozers
etc.) and the use of construction vehicles required for transportation of demolition-waste and
excavated material (ÖBB, 2009a).
3.2.3 Estimation of the CO2 emissions on the construction site
The emissions from construction machines and operations have been calculated for the two most
intensive construction sections, defined as the ones having the greatest impact on the nearby
neighbourhood. That means that in addition to the amount of emissions, the distance to the
nearby residence is taken into account (Ellinger, 2014). Since the construction machines will
operate on the axis, and the construction streets lie in the immediate adjacent to the railway, the
source of the emissions will arise along the new railway axis.
The amount of trucks and construction machines required for the construction in respectively
phase has been estimated by the company Snizek+Partner GmbH. These tables can be found in
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the attachments. Based on these estimations, the company Laboratorium für Umweltanalytik
GesmbH calculated the emissions arising from the truck rides and construction machines.
However, the CO2 emissions were not presented in the UVE (only CO, HC, NOx, PM 10) and
therefore complementary calculations have been made. These calculations are based on the
following assumptions:
 The average workday is 10 hours a day. One construction month is 20 days.
 10% for unknown and 10% for unconsidered use of machines have been added.
 Emissions from construction machines were based on limitations for the highest allowed
emission for respectively equipment (MOT-V gültige Grenzwerte für Emissionen aus
Vergrennungsmotoren für mobile Maschinen und Geräte).
 The average load of the machines were taken from Datenbank des BUWAL, which is
based on earlier observations.
 The emission factors of the rail-construction-machines were provided by ÖBB.
 The average distance for the trucks were assumed to be half the distance of respectively
construction section. In order to include the idling time and the fact that the trucks have
to make small movements and many stops during the load and unload of the material,
100m was added to each distance.
 The trucks were classified as heavy vehicles (Schwere Nutzfahrzeuge der
Fahrzeugschicht LZ/SZ <28 – 40 ton). The amount of emissions for the truck was taken
from Handbuch der Emissionsfaktoren des Straßenverkehrs in Österreich, Version 2.1
(2004). Since the emissions from an idling truck and a truck in movement vary
significantly, two different emission factors were used. For the loading and unloading of
the trucks the so called Stop & Go (S&G) emission factor was used, and for the real
movement the so called Innerorts Nebenstraße 1 (IONS1) emission factor was used
(ÖBB, 2009c).
Furthermore, the following data regarding the relation between carbon and diesel was provided
by Laboratorium für Umweltanalytik GesmbH:
Diesel characteristics
12g C + 32gO2 = 44 g CO2
Carbon in diesel (%)
86
Diesel density (kg/l)
0.832
CO2 (kg/l)
2.62
Table 4 – Diesel characteristics

The result is presented in the following tables:
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Emissions from trucks
Time
Mode Truck Transports Length
Construction phase 4-6,
Section 5 (km 12,114,4), Bf. Achau
Phase 4

Phase 5

Phase 6

Months

CO2

km/truck kg
S&G

15,771

IONS1

15,771

S&G

18,716

IONS1

18,716

S&G

19,025

IONS1

19,025

4

4

4

Sum

0.1

2,861

1.15 24,168
0.1

3,395

1.15 28,680
0.1

3,451

1.15 29,154
91,708

Table 5 – Total emissions from trucks in construction phase 5

Emissions from construction machines
Diesel
CO2
Construction phase 4-6,
Section 5 (km 12,1-14,4), l
kg
Bf. Achau
Phase 4
1,048,405
Phase 5
1,165,596
Phase 6
1,061,570
Sum

2,750,567
3,058,027
2,785,107
8,593,701

Table 6 – Total emissions from construction machines in construction phase 5

Total emissions in Construction section 5
Kg CO2
Trucks
Construction
machines
Sum

91,708
8,593,701
8,685,409

Table 7 – Total emissions in construction section 5

3.2.4 Logistical actions that help reduce emissions
The biggest waste materials are predicted to be excavated residues and crushed rock and gravel.
The waste can be reduced and optimized through specifications set up in the planning phase for
waste-demolition-management. In the following section some of the waste management
activities specified in the UVE are described.
The aroused waste will be carefully sorted in specified groups. As much as possible of the
material will be reused during construction. Only the excess material or material unable for use
will be transported away. For example, excavated material can be used for building noise
protection. The material that will be transported away will be collected in containers, which will
be placed in such a way so that they are easily accessed for the company that will take care of the
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material and execute the removal and transportation of the waste. The roads that will be used for
transportation of waste will be held clean to ease the accessibility. Furthermore, all the
company’s employees will before the construction starts, be introduced to the waste management
and sorting procedure. In this way it is assured that during the demolition phase, no unnecessary
materials will be wasted (ÖBB, 2009d).
3.2.5 Comparison of transportation mode for excavated material at the terminal
Terminal Inzersdorf
Removing waste from the construction site on rail instead of road could be an opportunity to
reduce truck transportation during construction. This was considered in the construction of
Terminal Inzersdorf, which is erected in connection to the Pottendorfer Linie. It is located north
of Pottendorfer Linie (see Figure 8) and will be built simultaneously as the expansion of the
Pottendorfer Linie in order to create a terminal for good traffic. Figure 11 show how it looked in
April 2014 and Figure 12 illustration how it will look when it is finished.

Figure 11 – Terminal Inzersdorf April 2014

Figure 12 – Plan of future Terminal Inzersdorf

During the construction process, it is estimated that 590 000m3 excavated earth material has to
be transported away. It would be possible to transport the material by either rail or truck. As a
decision support, Leeb (2013) conducted a comparison of the economic and environmental
impact of the two alternatives. In the following section it will be illustrated how much CO2
emissions could be reduced if the excavated material could be transported on rail.
For the transportation on rail, Rail Cargo Fans-Seitenkippern could be used. The loading,
reloading and transportation of excavated material with Rail Cargo Fans-Seitenkippern are
illustrated in Figure 13.

Figure 13 – Transportation of excavated material with Rail Cargo Fans-Seitenkippern

Given the capacity of the train and making an assumption of how many trains could departure
per day, it was calculated how much of the material could be transported away on rail in the
specified time frame. It was then compared how many trucks would be required for carrying
away the same amount of material during the same time. Finally, based on emission factors
provided by Umweltbundesamt 2011, the emission from respectively transportation mode was
calculated.
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The specified time for the exportation of material was set to 53 weeks. For the transportation on
rail, it was assumed that 3 departures would be possible per day. A diesel locomotive with 14
waggons and a total capacity of 560m3 or 1008 ton (assuming the density of the material is 1.8
t/m3) could be used. This would make it possible to transport away 1680m3 or 3024 ton per day.
In 53 weeks, it would thus be possible to transport away 445 000 m3 or 801 360 ton on rail. This
means, not all, but a significant amount of the arising material could be transported away on rail.
For the transportation of road it was assumed that trucks with the capacity of 8 tons could be
used. In order to succeed with travelling away 445 000 m3 with trucks, 378 truck trips to the
disposal site per day would be required.
The transportation to the place of deposal was assumed to be somewhat shorter for the trucks,
20 km, than for the rail, 50 km. The emission factors were based on data published by
Umweltbundesamtes (UBA) for the year 2011. Table 11 illustrate the emission factors for
respective transportation mode and the calculations (Leeb, 2013).
Daily emissions for respectively transportation mode
Diesel train with 14
wagons
Truck
Weight/transport (t)
1,008
8
Total distance (km)
150
7560
CO2 Emission factor (g/tkm)
10,5
98,1
Total CO2 Emissions (t)
1,587,600
5,933,088
Ratio
1.00
3.7
Table 8 – Table illustrating the daily emissions for respectively transportation mode

The calculations show that transporting the excavated material on rail would lead to almost 75%
less CO2 emissions, despite the more than 2 times longer distance. However, this alternative
would lead to higher costs. Therefore, the choice was taken that the transportation of excavated
material will be conducted with trucks (Deixler, 2014).

3.3 The railway tunnel Lainzer Tunnel
Unlike Terminal Inzersdorf, the construction of the 12.8 km long Lainzer Tunnel used rail to
transport excavated material. The construction started in 1999 and was finished in 2012. Since
Lainzer Tunnel is located close to the inner city construction vehicles would have a significant
burden of the streets. Rules set up by the UVP in an attempt to reduce the traffic of construction
vehicles had to be met (Deixler, 2014). It was demanded that, as far as it was economic and
technically possible, more than 50% of the excavated material would be transported away from
the construction site on rail instead for trucks (ÖBB, 2010b).
During the construction, 4 454 152 m3 excavated material was transported away in total. In
accordance with the specifications, 54% was transported on rail and 46% with truck (Lainzer
Tunnel, 2010a). For the rail transportation, a train with 15 containers was used. The containers
had a capacity of 58 ton each (ÖBB, 2007). The trucks had an average capacity of 8.87 ton. For
every departure with train, 40 km per route and truck was saved (ÖBB, 2010a). The UBA’s
emission factors for 2011 have been used (the same emission factors as for Terminal Inzersdorf).
Given the facts above and assuming that the density of the excavated material is 1.8 ton/m3 we
can calculate how much CO2 was emitted from the train and truck. We can also calculate
emissions from a second scenario, with 100% utilization of trucks in order to see how much
emissions were saved. The result revealed in Table 12 show that the shift from road to rail
reduced the CO2 emissions by 50%.
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CO2 reduction with railway, Lainzer Tunnel
Scenario 1
53,95% Rail
Total amount of excavated material
(m3)
Density excavated material (ton/m3)
Total amount of excavated material
(ton)
Distance/trip (km)
Emission factor (g/tkm)
Total emissions (g)
Scenario total
Ratio

46,05% Lorry

Scenario 2
Scenario
100% Lorry

2,403,072
1.80

2,051,080
1.80

4,454,152
1.80

4,325,529.60
40
10.5
1,816.72

3,691,944.00
40
98.1
14,487.19
16,303.91
1

8017473.60
40
98.1
31,460.57
31,460.57
1.93

Table 9 – CO2 saved in the construction of Lainzer Tunnel

3.4 The railway station Wien Hauptbahnhof
3.4.1 Presentation of Wien Hauptbahnhof
With the goal to reduce truck transportation, it was mandatory to transport excavated material on
rail in the construction of Wien Hauptbahnhof. The construction of the Wien Hauptbahnhof
started in 2007 and is planned to be finished in the end of 2015. The purpose of the new Wien
Hauptbahnhof is to transform the old stations Südbahnhof and Ostbahnhof into one station, a hub
which will link railways together and allows trains travelling along the east-west and noth-south
axis to passage in the other direction (ÖBB, 2007).

Figure 14 – Wien Südbahnhof an Ostbahnhof in 2007
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Figure 15 – Wien Hauptbahnhof in 2014 with its characteristic roof

3.4.2 Material management
In order to get a better knowledge of which logistical aspects need to be taken into consideration,
the management and the procedure of the loading and reloading of the excavated material have
been studied. The material would mainly consist of demolished material from buildings (mainly
concrete), material from the old track construction (rail, sleepers and fastenings) and earth
material as a result of boring (mainly topsoil and gravel). A logistic plan for the management of
excavated material and demolition waste was set up. A part of the material could be reused,
leading to a reduction of transportation since the material does neither have to be transported
away from the construction site, nor is a delivery of material required. For example, the gravel
could be reused for dust and noise protection.
For the management of the great volumes of material, three areas in the construction site was
established. The figure below illustrates the construction site and the stocking areas. In the
eastern part of the construction site, Island B and C were erected. These were planned to yield as
a place where materials that would later be reused could be processed and stored. For example,
recycled concrete and the processing of gravel were stored here. Island A, erected in the southern
part of the construction site, would yield as a storage for excavated earth material that had to be
transported away. Island A was therefore erected in close connection to the loading track to
ensure a smooth loading and transportation of the material onto the rail. More detailed maps can
be found in the attachments.

Figure 16 – Map over Wien Hauptbahnhof illustrating the stocking areas.

In the planning process, it was also specified how the export would proceed if an incident would
occur (for example derailment) making it impossible to transport material on rail. The excavation
work would be slowed down, so that the originally planned capacity could be used as long as
possible. If an insufficient capacity of material stockings would arise, another area for stored
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material would be established, big enough for the construction to proceed as usual for 7 days
without having to export any material. If a transport of the material then finally will be necessary
due to lack of capacity, the excess material would be transported away by truck.
For the purpose of the transportation of excavated material from the construction site, the
availability of a loading track was ensured. The different steps of the loading procedure were as
follows:
1. Materials were transported with truck on one of the two loading streets, which had been
erected along the loading track.
2. A turnaround at the end of the stocking area made it possible for the trucks to turn around
and use the heaped ramp to climb one of the material embankments, where the trucks
then reloaded the material.
3. If the material had not been compressed enough during the truck travel, it would be
further compressed with bulldozers.
4. The loading of the material into the wagons would be carried out by shovel excavator. It
would operate from one of the loading streets.
5. The excavator would load the material onto a conveyor belt, from which the material
would be distributed into the different wagons.

Figure 17 – The loading area illustrated from above and profile
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Figure 18 – Picture of construction site in 2010 with the loading track

Wiener Hauptbahnhofahnhof used the experience from Lainzer Tunnel when calculating how
much material could be transported away with train. As stated in section 3.3 a train with 15
containers, each with a capacity of 58 tons per container can be used. In the case of Wiener
Hauptbahnhof, it was assumed that 6 trains per day could be loaded and departure with material.
The average weight of the excavated material was (in contrast to Lainzer Tunnel and
Pottendorfer Linie) assumed to be 1.9 to/m3. The amount of material that could be transported
away in 24 hours would therefore be ca 2750m3. To take some margin, the logistic studies
assume a capacity of 2400 m3. In the attached documents, a graph of the amount transported
away during the different phases can be studied. It is seen that the full potential of the
transportation was planned to be used almost through the year 2010 (ÖBB, 2007).

3.5 Summary of the results of previous sections
The studies of the previous examined projects suggest that an export for excavated material to
the deposit on rail has a positive impact on CO2 emissions, and that it is logistically possible to
organize if carefully planning and specifying the procedure in advance. Both Lainzer Tunnel and
Wien Hauptbahnhof have reduced their CO2 emissions by 50% and 75% respectively, by
transporting excavated material on rail instead of road. Terminal Inzersdorf would also have
reduced their CO2 emissions had they chosen rail as transportation mode for this purpose (Leeb
2013). However, due to economic reasons, it was chosen to transport it away with tuck.
Furthermore, the study of the Pottendorfer Linie contributes to the vast literature that already
exists on how the carbon footprint of construction machines and construction vehicles can be
calculated. The assumptions made and emissions factors used could lead as guideline for other
projects.
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3.6 Economic, ecological and social benefits of railway expansion
The previous described expansion projects are all part of ÖBB’s goal to expand the railway nest.
The expansions will result in economic, ecological and social benefits for the whole nation.
Austria has a central position in Europe and its railway nest is part of the Baltic-Adriatic-Axis,
connecting the Baltic Sea with the Adriatic Sea. It is one of the most important transversals in
Europe, and an expansion of the axis into an efficient, continuous rail connection opens up an
enormous developmental potential for passenger and freight transportation, and will provide
sustainable economic stimuli for Austria. By networking economic regions, which have
historically been separated, the trade and service flow within the EU will be intensified. In a
study it was analysed what economic, ecological and social impact an investment on ÖBB’s
behalf in the BAA would have on both ÖBB and Austria at large. The scope of the investment
included the Pottendorfer Linie (presented in Section 3.2) and five other of ÖBB’s expansion
projects (not presented in this paper). The projects had a total investment of 8.46 billion Euro.
Estimating the economic effects, it is important to
separate the interests of ÖBB and the nation at large.
For the microeconomic perspective (ÖBB), the
investment in the BAA produce a negative
microeconomic net benefit. This is because the costs
of construction exceed the net income from operating
the infrastructure (the difference in maintenance costs
and revenues due to infrastructure usage). For the
nation at large, the BAA investment will result in a
positive macroeconomic benefit. The positive net
benefits both during the construction phase and the
operation phase is much thanks to the fact that an
improvement in traffic infrastructure will lead to a
reduction in transport costs, thus stimulating trade
between regions (or entire economies). Markets will
be expanded for a company, which lead to a stronger
specialization and causes an increase in regional productivity. Intensification of trade between
regions also increases the transfer of technology and knowledge, which raises the competitive
ability in turn. In the end, consumers benefit from a greater diversity of products.
Figure 19 – Picture of Baltic-Adriatic Axis

The ecological benefits that were estimated to occur are a result of the shift effect from traffic
being relocated from the streets to the rail, leading to less CO2 emissions. The social benefits
were estimated as mainly an effect of increased traffic safety and less accident follow up costs.
Results of the cost-benefit analysis for expansion of the rail of the BAA
Present value in
million Euro
(2010 prices)
Microeconomic Costs of construction
-603461
Net income from operating the infrastructure
-174470
Value change construction phase
National
9492000
Value change operation phase
5500000
Ecological
Climate effects and pollution
49049
Social
Accident follow-on costs
594363
Macroeconomic net benefit
15460941
National benefit-cost ration
2.56
Table 10 – Cost-benefit analysis of BAA
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The cost-benefit analysis of the investment in the BAA shows a positive macroeconomic costbenefit ratio of 2.56. Expanding the railway is beneficial in a macroeconomic point of view. In
the microeconomic point of view however, the costs of construction exceeds the net income from
operating the infrastructure and has a negative influence on the economy of the railway firm
(ÖBB, 2011).

3.7 Application of wooden construction at ÖBB
In chapter 2.4 it was emphasized that designers and decision makers could impact the carbon
footprint of a construction project by substituting steel and cement with wood. In this section it is
firstly presented which rules and standards regarding materials exist at ÖBB, and then an
application of wooden construction will be presented.
3.7.1 Application of wooden construction at ÖBB
In contrast to the literature, the construction material chosen for the track structure is often
standardized and mainly consists of concrete. However, there is some opportunity for flexibility
and to impact the choice of material in the construction of station buildings and platform roofs.
As part of ÖBB’s sustainability program, a pilot project on wooden construction in the station
building was conducted at Gramatneusiedl. Furthermore, at the station Attnang-Puchheim wood
was used in the roof along the platform. A pre-study on Gramatneusiedl and experience from the
construction of Attnang-Puchheim reveal some of the benefits that were assumed respectively
actually achieved.
At Gramatneusiedl, built 2012, wood material was successfully implemented in the stair
construction of the pedestrian bridge-passages over the railway. The decision to use wood
instead of steel and cement was based on statements from expert and calculations. Firstly, wood
has a high bending and pressure characteristics at small weights, and a high toleration against
aggressive substances. Recent research in Germany has shown that wood constructions, if
getting the right treatment, are likely to have a life span of 80 years. In contrast, a utilization life
span of more than 50 years is very seldom reached for steel due to the serious risk of corrosion.
Secondly, applying wood in the construction would lead to significant economic benefits. The
usage of wood material instead of steel was estimated to result in 20% lower material- and
construction costs. A study conducted by DGfH (Deutschen Gesellschaft für Holzforschung)
also suggests that maintenance costs would be saved. They concluded that the yearly reduction
of maintenance costs would be reduced with 1.0-1.3% compared to steel and concrete bridges
(Gramatneusiedl, 2013). Pictures from the construction and the new stations are illustrated in
Figure 20.

Figure 20 – Gramatneusiedl and the wooden stair construction

Apart from the above described benefits revealed by the decision support, the decision to use
wood was shown to have a positive impact during the construction. The low weight of the wood
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in comparison to other material resulted in less costs and environmental impact during
transportation, and shorter lifting- and construction time. Wooden parts unlike other materials
are often pre-constructed in modules, which further shortens construction time. In the case of
Gramatneusiedl, the whole station building was put in place in 3 nights (Helminger, 2014).
The module benefit were also achieved in the construction of the platform roof at AttnachPuchheim. Pictures from the construction in 2012 can be seen in Figure 21.

Figure 21 – Wooden roof along the platform in Attnang-Puchheim
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4 Results and discussion
This study shows that there are many opportunities for decision-makers to take actions that will
result in reduced CO2 emissions during the expansion of a railway system. In this section the
findings are discussed in the following order: (1) CO2 emitting activities in railway construction
identified in previous literature, and tools and actions suggested to reduce the emissions on site,
(2) materials supporting a reduction of CO2 emissions, (3) transportation of excavated material in
helping to reduce CO2 emissions, and (4) costs and benefits related to CO2 savings.

4.1 Carbon accounting and CO2 reducing actions on site
In order to facilitate low carbon options through a railway construction project, it is critical to
engage in carbon accounting activities already in the planning phase. The purpose is to calculate
the carbon footprint of different construction alternatives through the project’s life cycle. The
frequently used tool is therefore often referred to as the Life Cycle Assessment tool. When the
CO2 contribution from different projects is revealed, the results will help decision makers to
choose the most environmental friendly alternative.
In the construction stage, CO2 reduction options include energy efficiency on-site, machinery
choice and waste reduction. Optimizing construction equipment and vehicle use can be achieved
through the following actions:
 Reduced idling time through idle restriction regulations and operational strategies
 Choosing the right machinery for the right task (for example avoiding inefficiently
oversized machines)
 Servicing equipment correctly
 Organizing efficiency training for employees who drive mobile equipment
 Taking consideration to the earthtype where the railway route will be built. Excavation
activity in clay result in more fuel combustion than excavations in sand, gravel, loam and
common earth, and should therefore be avoided if possible.
 Applying logistic principles for associated transportations
 Increasing the vehicle utilization rate by increasing the average load carried by on each
vehicle
 Reducing the amount of materials moved
 Raise a storage with the purpose to handle and providing material to the construction site
 Maximizing the reuse and recycling of materials
In accordance with the literature, the case study at ÖBB confirms that the greatest sources to CO2
emissions are vehicle movements and construction work. This study further shows that
construction machines contributes to a greater extend to the total emissions than vehicle
movement. The calculations on total CO2 emissions emitted in the adjacent to the new railway
axis during construction of the first section of the Pottendorfer Linie, presented in chapter 3.2.3,
show that the emissions from construction machinery is estimated to be nearly 100 times more
than emissions from vehicle movement. In the case of the Pottendorfer Linie, it is therefore
suggested that actions to reduce emissions on construction work is prioritized. The calculations
have however only been applied on one construction project, and it is therefore not through fully
evaluated if this result can yield as a general assumption. Emissions from vehicle movement are
dependent on many factors, for example the amount of material moved and the distance to place
of disposal. The emissions can therefore vary a lot between different projects. On the other hand,
this study presents the calculation procedure, emission factors, and assumptions required to
calculate the total emissions, and the procedure can be applied in other expansion projects.
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It is also revealed that the emission factors from the same truck vary significantly depending on
speed, movement and road quality. The emission factors for the loading and unloading of trucks,
which requires discontinuous driving with a lot of stops, is nearly twice as high as when driving
at a continuous speed. This suggests that actions should be taken to make it easier for track
drives to avoid unnecessary kilometres and keep a continuous speed. This can be achieved with
the following actions:
 Distribute and make sure information signs are clearly visible, pointing out the planned
routs
 Increase driving efficiency through driver behavior
 Investing in modern vehicles
 Implementing new technology such as regulation systems and communication systems
with external traffic. Busses for example can communicate with traffic lights, and a speed
is proposed in order to avoid unnecessary braking and stopping for red lights.
Since there are many opportunities to reduce carbon emissions on the construction site, the
contractor (the construction firm executing the construction) plays a key role when it comes to
CO2 reducing actions. The railway company is able to influence emissions emitted on the
construction site by choosing an environmentally conscious construction firm. Implementing a
similar system as ProRail’s CO2 Performance Ladder would help railway firms influence and
reduce emissions on the construction site.

4.2 Material choice
The choice of which material to use in construction has an impact on the total emissions from a
construction project. Once the structural designer understands the carbon impacts of available
materials, he or she can implement carbon-reduction strategies. This study reveals that steel and
concrete have a significant impact on the CO2 load since the production of steel and concrete is
very energy intense and requires a great amount of fossil fuels. Wood on the other hand has
positive characteristics, which gives it a competitive advantage from an environmental
perspective:
 Wood binds a lot of carbon during its lifetime.
 It is lighter, and therefore transportations of the materials emit less CO2.
 Can often be pre-constructed in modules.
This study detected three areas where material choice can be investigated; railway sleepers in the
track structure, invert slabs in tunnels, and station buildings and roofs along the platform. While
eliminating steel in the invert slab in tunnel construction, and substituting concrete with wood in
station buildings and roof structures resulted in reduced CO2 emissions, decreased costs, and
shortened construction time, the case of the railway sleepers is more contradictive. While
previous studies advocate wooden sleepers, the industry states the opposite and applies the
reversed approach. It can be concluded that there is either a lack of knowledge in the industry, or
the existing research in the area is contradictive.

4.3 Management of excavated material
The case study at ÖBB reveals that CO2 emissions can be saved by exporting excavated material
on rail instead of road. Taking advantage of this approach, two construction projects at ÖBB;
Lainzer Tunnel and Wien Hauptbahnhof, reduced CO2 emissions from vehicle movement by
50% and 75% respectively. Even though CO2 emissions can be saved with this approach,
construction projects, for example the construction of Terminal Inzersdorf, dismiss this approach
due to economic reasons. This suggests that the Environmental Impact Assessment (EIA) plays
an important role when it comes to avoiding sub-optimized decisions from an environmental
perspective. As the case of Terminal Inzersdorf at ÖBB reveals, the alternative to transport
excavated material on rail instead of road was dismissed since it would be more expensive. In the
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case of Wiener Bahnhof and Lainzer Tunnel on the other hand, the economics did not have the
same impact since the UVP, the Austrian equivalent to EIA, claimed that the excavated material
should be transported on rail.
Even though the case study at ÖBB shows that transporting excavated material on rail instead of
road is logistically possible and significantly reduces CO2 emissions, there are some
shortcomings with the calculations presented in this paper and they should primarily be taken as
an estimation of how much CO2 emissions could be saved. It has not been estimated how the
loading and reloading of the various transportation modes affect the total emissions, since no
consideration is taken to emissions arising during loading and reloading. Furthermore, the
distance to the deposit site has a big impact on the result and should be adjusted for each case. It
is also not fully evaluated which impact the departure of the loaded trains have on the existing
traffic on the rail. It can also be discussed if assumptions and used emission factors are accurate.
For example, the emission factors presented in Morita’s study (Figure 4) and the emission factors
published by ÖBB and Umweltbundesamtes (Figure 7 and 8) vary.

4.4 Costs and benefits
Reduced CO2 emissions often go hand in hand with reduced construction cost and duration of
construction projects. Economic benefits that previous studies and construction projects at ÖBB
have experienced are:
 Fuel cost savings through investing in efficiency training
 20% lower material and construction costs applying wood instead of steel in the
construction of the new station building
 1.0-1.3% lower maintenance costs for wood over steel
 Reduced costs and shortened construction time eliminating reinforcement steel in the
invert slabs
Nevertheless, taking CO2 in consideration is not always beneficial, which both the case of
Terminal Inzersdorf and Pro Rail’s CO2 Performance Ladder reveal. Helping carbon conscious
construction companies win tendering procedures through a fictive bid based on their
environmental performance, in the short run leads to lower carbon emissions but a higher price
than the market price for the construction firm. The increased costs associated with this method
are maybe one of the reasons why ÖBB’s Material Liste, a similar system, has not yet been put
in force. Implementing this standard would be a perfect possibility for ÖBB to add another
action to the program to reduce the company’s carbon footprint.
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5 Conclusion and future work
An efficient and sustainable railway infrastructure is vital in today’s society. It plays an
economic and ecological important role, networking economic regions and providing the most
environmental friendly transportation mode for passengers and freight service. It is therefore
important that railway companies continue the work of expanding the railway nest. However, it
must also be assured that the expansion and construction of the new nest is executed in a
sustainable way.
The research question of this study was:
What decision factors during the planning phase of a railway construction influence CO2
emission during the expansion of an existing railway?
 What CO2-emitting activities in railway construction does previous literature identify,
and which tools and actions are suggested to reduce them?
 Which materials support a reduction of CO2 emissions?
 How can the management of excavated material help reduce CO2 emissions?
What are the economic benefits and costs of reducing CO2 emissions during the construction
phase in an expansion of the railway?
There are many opportunities for decision-makers to reduce CO2 emissions during expansion of
the railway. To conclude, this research show that using carbon-accounting in the planning-phase
of railway construction, substituting steel and cement with wooden material and exporting
excavated material on rail instead of road have all been shown to be effective tools to reduce
CO2 emissions from railway construction. Considering carbon emissions often goes hand in hand
with economic benefits and reduced construction time.
It is notable that the case study for this project was made in Austria, a developed country with
one of the world’s highest taxes, a well developed infrastructure system with one of the highest
number of kilometre travelled on rail per person. The case study at ÖBB reveals that the
company is already taking great consideration to the environmental impact through the UVE.
The results and suggestions on how decision makers can decrease emissions are firstly applicable
on developed countries that already apply EU standards for the Environmental Impact
Assessment and want to make further progress on the area. Undeveloped countries should as a
first step implement an EIA.
In order to provide decision makers with further knowledge on the subject, future research could
be performed in all of the sub-areas to this research question. Firstly, the method could be
modified to have a more practical approach. This research was mainly based on literature studies
and the UVE, which means the results and calculations are based on theoretical assumptions
rather than practical experience. Since the study identifies carbon accounting and operational
strategies on site as efficient tools to reduce emissions, a life cycle assessment and practical
observations of the daily work during construction could be a successful method in further
studies with the purpose to reveal potential CO2 saving sources.
Secondly, further research could be made regarding the environmental impact of wooden and
concrete sleepers. The term “environmental damage” must be clearly defined so that the damage
of CO2 emissions and creoseote can be differentiated. With regard to the risk of cracks and sun
curves, it would also be of interest to investigate if the material choice of the sleepers should be
adjusted to the climate where the project is being executed.
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Thirdly, regarding the estimation of CO2 savings during exportation of excavated material, it
could be investigated how the loading and reloading of the different transportation modes affect
the result. As new technology becomes available and more widely in use, for example vehicle
that can travel both on the street and rail, it could be investigated to which extent they could be
applied and which effect they would have. Also, it is of relevance to closer examine how daily
departures with exported material affect existing traffic on the track, and if there are enough
capacity for a single railway track such as Pottendorfer Linie to use this approach. For the
Pottendorfer Linie, it would also be interesting to compare the estimated emissions from a
construction phase presented in this paper with the actual emissions from construction work once
the construction is finished (suggested collecting data on operation time for from construction
firm), in order to see how accurate the assumptions and estimates of the UVE are.
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7 Attachments
Attachment 1:

Table over the diesel combustion for the construction machines required
for the expansion of the Pottendorfer Linie.

Attachment 2:

Table over the required amounts of truck in construction phase 4 of the
Pottendorfer Linie.

Attachment 3:

Map of the construction site of Wiener Hauptbahnhof.

Attachment 4:

Table of the amount of excavated material transported away from Wiener
Hauptbahnhof during the different construction months.
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