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Abstract

With the rapid urbanisation of society being observed on a global scale,
urban mobility is a growing issue and it is becoming increasingly important
for cities to develop effective public transportation systems In the case of
the city of Oslo, public transportation is heavily prioritised over other trans-
portation methods, such as private cars. This thesis applies the life-cycle
assessment framework with a focus on the use phase of the life-cycle to es-
tablish the carbon footprint of buses operated in Oslo. Another aspect relates
to the evaluation of KPI data as a means of measuring policy advancement.
Furthermore, the LCA framework is used to determine the ways in which
they are useful to guide policymakers seeking to develop sustainable public
transportation. The data analysed in this thesis shows that Ruter is rapidly
reducing emissions produced by buses in their network, as well as its overall
carbon footprint. This comes as a result of its gradual phasing-out of con-
ventional diesel fuel buses, in favour of biodiesel and electric alternatives.
This thesis also covers the greenhouse gas and CO» emissions produced by
buses in Oslo. This shows the extent to which It is also clear that the global
Covid-19 pandemic of 2020-2021 has had implications on the carbon foot-
print of buses, especially in terms of ridership statistics. Furthermore, it
is theorised that the changes in commuting practices caused by Covid-19
may have long-term implications on public transportation as a whole. Over-
all, this thesis contextualises the carbon footprint of buses at the use phase,
and in doing so aims to contribute to research on this topic. Additionally,
it offers some recommendations on best practices both in terms of climate
impact reduction, as well as policy development. This thesis utilises a multi-
disciplinary approach to produce an analysis of public transportation and its

carbon footprint through several different perspectives.
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1 Introduction

As we become increasingly concerned about our changing climate and work
more and more on studying the causes of these changes, we are gaining a better
understanding of the impact we have on the planet. From this, the question as to
what tools exist to facilitate the obtention of data, and information on the carbon
footprint of our activities arises. At the root of the issue, one aspect of our society
that has a significant impact on our environment is that of transportation. Globally,
transportation represents an immense output of carbon dioxide [[10]. An important
component of transport, in general, is public transportation, which represents a cru-
cial factor in an urbanising society. Therein lies the interest in studying the carbon
footprint of public transportation. If we are to consider public transportation as an
important conductor for decarbonisation or simply as a key tool for urban develop-
ment, there is no doubt that it becomes important to understand what is the impact
on the environment both currently, and what it can become through technologi-
cal advances. This is the primary aim of this thesis, evaluating the ways in which
life-cycle assessments can be utilised as a tool for sustainable public transportation
development.

Given the broadness of transportation as a sector, this thesis focuses on the
case of buses in the city of Oslo. This is an interesting case, given the fact that
buses represent one of two means of public transportation which are not entirely
reliant on electricity, as a means of propulsion. Oslo has long had an electric tram
system, as well as an electric subway service. This means that together with fer-
ries, buses are the area that produces the most CO, in Oslo’s public transportation.
Therein lies the interest in studying the current situation as well as the future of
buses, as a public service. Furthermore, public transportation is a key component
of cities and is destined to experience tremendous changes in the near future. This
is especially relevant given the major societal changes taking place as a result of
the global coronavirus pandemic which began in early 2020, as well as technolog-

ical changes. As such, it is interesting to understand how buses operate as thing



currently are.

As we observe Western society becoming increasingly urbanised, year after
year, thus causing significant growth in urban development, which is no doubt
having significant implications on the environment. In the case of Oslo, there is
a strong political commitment to the design of infrastructure which enables the
use of sustainable modes of transportation. This is something that city authorities
are increasingly considering, as cities continue to grow, yet become increasingly
concerned with their environmental footprints. Public transportation is one such
way in which cities are seeking to reduce their carbon footprint, whilst also dis-
couraging the use of private cars. This is a strategy that has significant potential,
as a means of urban development. However, it is important for city governments
to consider the tools to use as means to identify the most optimal transport sys-
tems, whilst being aware of their carbon footprint. One such tool is a life-cyle
assessment.

The life-cycle assessment of public transportation allows for an understand-
ing of the footprint of a product, system or service, such as public transportation
as things stand. This can then be utilised to determine the impact which certain
changes can have on carbon output, based on data. This is where the interest of
conducting a LCA on public transportation stands, understanding the situation as

things are, as well as how it can evolve, based on certain changes.

1.1 Context

Transportation represents a significant portion of global carbon emissions of
which public transportation is responsible for a significant potion [[10]. Knowing
this, it is important to evaluate the ways in which existing tools and frameworks
can be utilised to develop solutions. As the global trends increasingly turn towards
improving sustainability, many countries, cities and regions are turning towards
transportation as an important component of green transitioning. The development
of efficient, complete and integrated public transportation is becoming a crucial el-

ement of urban development in the 21 century. Given the complexity of public
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transportation, which is comprised of a number of factors that require considera-
tion. Ranging from hardware, such as buses and infrastructure, to routing consid-
erations, developing transit maps that efficiently service the maximum amount of
passengers as well as ticket pricing and systems. Finally, another important aspect
is that which relates to the carbon footprint of these transportation systems. This
is something that is crucial to this thesis, as well as the case it focuses on, given
the City of Oslo’s ambitious plans to transition its transportation system into one

which is entirely carbon-neutral, and that before 2030.

1.2 The situation in Oslo

Oslo has a well developed public transportation system which is comprised
of four types of transportation; city buses, metro, tram and ferry [L1]. The tram
and metro systems have long been electrified [[12]. Consequently, the vast major-
ity of carbon emissions from public transportation in Oslo stem from the bus and
ferry systems[|11]. It is with this context in mind that Ruter AS, the public trans-
port authority responsible for Oslo Municipality and Viken County has committed
to its bus system becoming fossil-fuel free by 2020 and for carbon-neutrality by
2028[[13]. To achieve that, the City has decided to focus on its bus system, which
is collectively responsibly for around 60% of Oslo’s transportation-related CO,
emissions. To achieve that, Ruter has planned to eliminate completely the use
of fuel from non-renewable sources from 2020, as well as electrifying over 60%
of its fleet by 2028. This is an ambitious plan for a rapid transition. This thesis
aims to understand the current situation in terms of Ruter buses’ carbon footprint,
as well as understand the consequences of this transition, from a carbon footprint
perspective.

This is an area that is not extensively researched, as a component of urban
and environmental development. Whilst it is generally assumed that buses and
public transportation, in general, provide an environmentally conscious method
of transportation, there is no extensive research into the extent of their impact on

the environment [10]. The aim of this thesis is to provide additional insight as to



the carbon footprint of buses in Oslo, to better understand what it represents in
the context of urban development. Furthermore, it is interesting to see the impli-
cations of increased research in public transportation in general, especially with
a better understanding of the factors which influence carbon footprint, something

this thesis aims to research.

1.3 On Ruter AS

Ruter is an independent publically owned agency that is responsible for the
administration, planning and maintenance of public transportation in the Munic-
ipality of Oslo and the County of Viken (formerly Akershus). It was established in
2008 to develop a more coherent public transportation system in the Oslo region[|11]].
It has 22 subsidiary companies that are responsible for the operations. Ruter is co-
owned by Oslo Municipality (60%) and Viken County (40%). As such it follows
a mandate established by the Regional governments. This means that policy-wise
Ruter is significantly shaped by the city and county authorities that own it. As a
transportation operator, it has ambitious plans, surrounding decarbonisation, and a
transition from more conventional practices, to fossil-free operations, and finally,
to have a fully electric bus system, within the next 10 years.

The operational structure established by Ruter is rooted in contract agreements
with sub-contractors who enter agreements with Ruter to operate their buses. This
means that the majority of buses in the Ruter network are owned by independent
companies. This structure gives Ruter the ability to sign contracts with companies
that offer services conforming to Ruter’s operating standards[|14]. This makes
Ruter significantly influential in the ways buses in Oslo and the surrounding area
are operated. Given that it is a publicly owned company, there is no doubt that

Ruter is heavily influenced by the local governments who share ownership.



1.4 Coronavirus Pandemic

Given the impact which the coronavirus pandemic has had on the world as a
whole from its inception in early 2020, it is important to establish the impact which
it has had on public transportation. It is clear that public transportation systems
have been impacted significantly by this pandemic. In terms of ridership data,
caused by multiple lock-downs and restrictions on travel and activities. These
have undoubtedly had implications on the use of buses. In Oslo, 2020 saw a 40%
decrease in passengers transported in comparison to 2019[2]. This has had impli-
cations for their environmental footprint. It is unquestionable that buses are large
vehicles, whose carbon footprint is largely determined by the number of passen-
gers who utilise them. As such, in the context of the global pandemic, the public
transport service offering was largely required, as a means of maintaining service
for essential workers, as well as providing continued service for regular users. Fur-
thermore, this is something which may have significant implication on commuting
behaviours in the years to come. However, the number of passengers has greatly
reduced. This is something that can be clearly seen in the data which complicates

data interpretation.

1.5 Research Aims

The main objective of this research is to understand the carbon footprint gen-
erated by buses in the City of Oslo. Another important aim is to obtain a better un-
derstanding of the ways in which public transportation systems can become more
sustainable through the use of analytical methods which assess their carbon foot-
prints, such as the life-cycle framework. This is something that aims to provide
greater insight into the origins of carbon emissions in urban areas, as well as the
ways in which cities can become vehicles for decarbonisation.

Knowing that cities are growing year after year, as the global trends point
towards continuous urbanisation, something which has inherent implications on

transportation[|1 5], it is interesting to study aspects related to this issue. Therein



lies the main objective of this thesis. As cities grow, the requirements for trans-
portation increases, giving city government and public transportation service providers
the incentive to develop policy and operation practices to fit their needs[|10]. There
is a need for additional research into public transportation, as it is a critical tool
for urban growth, both in terms of land use and efficiency, but also in terms of the
environment. This thesis aims to contribute to this issue, based on the assessment

of the life-cycle carbon footprint of buses in Oslo.

1.6 Research questions

With this research being rooted in the life-cycle assessment framework, many
questions are potential research questions. In the context of this thesis, there are

two main research questions:

1. What is the carbon footprint of buses in the public transportation system of
the city of Oslo?

2. What is the extent to which a life-cycle assessment can be a useful tool for
the development of sustainable public transportation?

The first question aims to clarify the carbon footprint of buses in the city of
Oslo. This is important both in terms of understanding the climate aspect of pub-
lic transportation and of urban development in general. With the aim to provide
a better understanding of the factors which contribute to the carbon footprint of
buses in Oslo. The second question relates to the use of data assessment tools,
such as life-cycle assessments to understand the impact of public transportation
on the environment, as well as tools to foster the development of more sustainable
public transportation solutions. This thesis seeks to use these two questions as
a way to obtain a better understanding of the factors which influence the carbon
footprint of buses in urban settings. Furthermore we hope thesis will provide a
better understanding of the tools which exists, to facilitate the transition of public

services, including those which relate to public transportation. The goal being to



better understand how these frameworks can be utilised in development of cities,

policies and practices.

1.7 Disposition

This thesis utilises data from a number of sources, including Ruter AS, Volvo
buses AB, MAN Truck & Buses AG, among other sources, to obtain information
on the carbon footprint of buses, especially in the context of the use phase. It is
established that the use phase of a Bus life, from cradle to grave represents around
90% of its carbon footprint[16]. This research is therefore disposed to focus on
this phase of the life-cycle. Given that public transportation is such a complex
area of study, which requires many different areas of expertise, it is important to
set limits to the research disposition.

In this research, the scope is primarily set out to surround the operation of
buses in Oslo, which sets the focus on the aspects which surround operations, as
opposed to matters of production, infrastructure or disposal. This research will
utilise a number of different data sources to assess the carbon footprint of buses,

as well as the implementation of the LCA framework.

2  Theory

There are many theoretical approaches that have relevant research implica-
tions on public transportation systems. In the scope of a life-cycle assessment, it
is important to identify the theories which are most impactful both environmen-
tally and in terms of policy development. This section aims to review the existing
literature in relation to this topic which informs the aforementioned research ques-
tions. There are a number of factors that are important when considering the total
carbon footprint of public transportation in the city of Oslo. Theoretically, it is im-
portant to consider a number of theories that can give different perspectives in the

data, thus allowing for deeper research outcomes. In the context of establishing



the impact of primary materials in public transportation vehicles, it is important to
establish the key characteristics of the variables present in this research, namely
surrounding the policy and decision making basis for Ruter’s operating procedures.
This is something that will facilitate the development of a theoretical framework
surrounding the analysis of the acquired data. Furthermore, this section aims to

provide a greater understanding of the topic and its context.

2.1 Circular Economy

Ruter AS, is a publicly owned company that offers a public service. Within the
context of sustainability, it is interesting to see how public transportation in Oslo
can work in ways that would increase circularity. Circular Economy is a con-
cept which seeks to fundamentally transform our current economic frameworks,
through changes in production and waste creation models [[17], which outlines the
importance of the production process in waste production. There are multiple as-
pects to circular economy- firstly in terms of environmental protections, secondly
inrelation to improving the lifespan of consumer products and finally the reduction
of waste [[L7]. In the context of public transportation, there are a number of ways
in which buses can increase their circularity. Especially in terms of environmental
protection; greenhouse gas emissions reduction being a significant vector through
which buses can become less damaging. As for the lifespan of buses, it is possible
to increase these both through technological innovation and through maintenance.
In terms of waste production and technological innovation in end-of-life recycling,
for example, can provide ways to reduce the waste output of buses.

Circular economy is first and foremost centred on the elimination of waste
by design [18]. It is a concept which demands a significant systemic change in
order to be implemented successfully [[18]. In practice, it means that materials and
resources must be recycled or reused, as opposed to being disposed of [[17]. To
become circular, companies must evaluate their activities, understand the waste
generated from their products or services, as well as examine ways to circularise

their operations[|17]. An often-cited example of circular economy are the various



bottle return deposit systems that exist throughout the world, wherein the waste
is effectively designed out of the system through the creation of an incentive for
companies and consumers alike to recycle bottles and cans [|18, 19].

In terms of public transportation, transit systems can be a tool for the creation of
circular cities. Cities are in constant evolution. As such, there is a constant need
for urban development[20]. There is much to be said about the ways in which
cities can promote a circular economy through public procurement processes [20].
Notably through investments in public transportation, as exemplified in the city
of Vaasa, Sweden- who launched calls to tender for various biogas options for
its transit system [20]. This exemplifies how cities can foster technological and
sustainable development through investments in public transit. This promotes a
circular economy by encouraging innovation, as well as providing practical ex-
amples of sustainable systems successfully implemented [20]. It is important to
consider public transportation as a fundamental aspect of urban development. In
doing so, it becomes clear that transportation provides a tool for the implemen-
tation of circular economy in cities [21]]. There are many ways through which
transportation can be altered to fit in a circular city, whether it be through opti-
misation, electrification or diversification in transportation methods [21]]. New
transportation solutions often go hand in hand with circular economic principles,
something which will be examined in this thesis. Furthermore, given the city of
Oslo and Ruter’s commitment to zero-emission public transportation [[13], circular

economy provides an interesting theoretical perspective.

2.2 Environmental Considerations

Environmental concerns are becoming increasingly prominent in industrial,
governmental and public discourse[22]. As population rises, cities are becoming
larger in size, which inherently contributes to their growth, both in terms of pop-
ulation and in terms of physical infrastructure[22], resulting in heightened trans-
portation needs. In Western countries, 75% of the population live in urban settings,

a trend which continues[23]. This is a significant number, given the resources
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required to sustain large cities; every 1% in urban growth requires 2,2% more
resources[23]. It is therefore important to understand the environmental impact of
cities.

Following this trend, public transportation networks must be adapted to fulfil
the required capacity to serve their users, and thus fulfil their main purpose. This
often results in large road networks, a greater number of stations and stops, more
vehicles, and infrastructure projects, all factors which have significant implica-
tions on the environment.

Globally, carbon emissions from the transport industry represent a total of
6.6GtCO, of which 72.9% come from road transportation [10]. In terms of en-
ergy consumption, road transportation represents 28% of the energy consumed,
from which 70% is accountable to the movements of goods and people [[10]. This
suggests that passenger transportation represents a significant portion of total car-
bon emissions, as well as significant energy consumption. This, combined with
a growing global vehicle fleet, estimated to pass 1.2 billion in 2050 [10] shows
that sustainable transportation projects are needed, therein justifying the need for

life-cycle analyses of such infrastructures, existing and subsequent.

2.3 Sustainable Development Goals

The United Nations’ Sustainable Development Goals are important to consider
within the scope of this research, as they provide a framework that informs many
decisions taken both at a national and local level. There are a number of goals that
have implications for the public transportation sector. As such, the repercussions
of these Sustainable development goals, and of Agenda2030 have the potential to
be significant. The sustainable development goals were developed with the idea
that they would provide a framework for the development of policies targeting
both environmental and social issues[24]. It is argued that to solve climate issues,
it is paramount to adopt strategies that are at the intersection of environmental,
social and economic considerations. This is something that relates closely to the

SDGs and their implementation. It is often argued that an integrated approach is
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a key to a successful implementation[25]. Such an approach would be effective
through the possibility of addressing issues that have significant overlap and inter-
linkage[25]. There is no doubt that public transportation represents one of these
areas which contains significant links with other issues. Therein lies the reason
for considering the SDGs as an important theoretical framework. The sustainable
development goals are designed to be taken into consideration in the development
of national and local policies[26]. This means that the goals themselves are not
a set of policies, on the contrary, they are a series of goals that aim to encourage
governments to develop innovative, modern solutions to both environmental and
social problems. In the context of urban mobility, there are two of the 17 goals
have significant links to public transportation, and therefore have larger impacts

on the contents of this thesis.

2.3.1 SDG 9: Industry, Innovation and Infrastructure

This goal relates to the development of green industries, innovations and in-
frastructures, seeking to encourage a green shift in these sectors [27]. Given the
relevance of green infrastructure development as an important factor in determin-
ing the carbon footprint of public transportation, this is the goal that has significant
implications on the public transportation landscape.

In terms of encouraging the development of green infrastructure projects and
fostering innovation and industry, it is important to consider how environmental
assessments and indicators of sustainability are most often used by local govern-
ments and communities as a decision-making tool [[15]. Hence the importance
to take into account the impact which infrastructure has on communities. Goal
number 9 permits that, by giving direction to local communities, thus encouraging

governments to take into account the environmental impact of potential projects.

11



2.3.2 SDG 11: Sustainable Cities and Communities

This is a goal that is important due to the inherent links which exist between
cities and public transportation[28]. Urban settings are a key factor to the environ-
mental footprint of public transportation systems[[10], given that they most often
serve cities and urban areas. It is therefore important to consider policy develop-
ment informed by goal 11, which are aimed at fostering environmentally conscious
urban development. This is something which is outlined by the United Nations’
sub-goal on sustainable transportation, which is categorised under goal 11[29]. It
is evident that the creation of sustainable cities, from an environmental perspec-
tive, requires an integrated approach targeting a number of different aspects [21].
These aspects range from street-lighting to large scale infrastructure, and public
transportation [21]. The implementation of sustainable, effective and integrated

public transportation has a positive impact both environmentally and socially [[10].

2.4 Transportation Sustainability

Sustainability in transportation is an area that requires a multi-disciplinary ap-
proach, seeing as there are variables that deal with a number of different elements
[10]. Beyond environmental considerations, there are geographic and social vari-
ables that ultimately have implications on the carbon footprint of a project. It is
therefore important to determine which factors have the greater implications on
total environmental footprint, as a means of conducting an assessment[15]. To-
gether, these factors contribute to the obtention of a complete overview of all as-

pects which relate to public transportation in urban areas.

2.5 Efficient Transportation

There is much to be said about the role which efficiency plays in public trans-
portation. From a strictly environmental standpoint, fuel consumption, material

durability and total vehicular weight are all examples of how optimally efficient
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vehicles and routes can reduce the total carbon footprint of transportation. How-
ever, there is no doubt that efficiency also relates to user experience; more effective
transportation networks result in increased ridership. Reducing the total amount of
motor vehicles in urban centres is a key component of sustainability. In the context
of the City of Oslo, this is something which is done by making public transporta-
tion, cycling and walking more efficient transportation methods- as opposed to
private cars, for example[|13]. Furthermore, effective transportation, especially in
the context of growing cities, relates to the total area which is served by public

transportation[|10].

2.6 Hardware

Much of the environmental footprint of public transportation relies signifi-
cantly on the hardware which is utilised, which refers to the vehicles which are
utilised by service providers [30]. This is something that is very important to
consider in the life-cycle assessment of public transportation, as it is intrinsically
linked to the operational aspects of transportation. It is long established that buses
with internal combustion engines contribute significantly to pollution in urban ar-
eas, more specially CO, emissions [30]. As such, it is worth evaluating how vehi-
cle fleets, have an impact on the environment of urban areas, especially with the
growing popularity of electric and hybrid buses [30]. Whilst the introduction of
electric and hybrid buses to transit networks might reduce CO5 and N,O emissions

in cities, it is important to consider the environmental impact of such an expansion
[30].

2.7 Use Phase

It is established that a large proportion of carbon dioxide output is generated
during the use phase of a bus’s life cycle. This phase accounts for over 60% of the
total carbon footprint of a bus[[16]. With this in mind, it seems that a focus on the

operational aspects of an assessment represents a significant research opportunity.
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From a theoretical perspective, the use phase represents the area that relates most
to social aspects, given that it is inherently linked to the passenger experience.
Furthermore, given that public transportation is an area that relates to numerous
factors which are linked to numerous different areas; environmental concerns, use
of resources, social aspect, urban development and more, it is an interesting area
to focus on. As such, this thesis, and life-cycle assessment largely focuses on this
phase of buses in public transportation, given that it offers the most potential for

change.

2.8 Other Considerations

It is well reported that the vast majority of carbon emissions as a product of
public transportation occurs at the point of use. As such, this thesis focuses on
the aspects which relate to the footprint of Buses in the City of Oslo, over their
useful lives. It is, however, important to note that there are many aspects that
are important to determine the carbon footprint of buses but are beyond the scope
of this research. Among these is the construction of public infrastructure (roads,
bridges and stations), the disincentivisation of private car transportation, ticket
pricing, among others that are inherent to transportation. This is something that
has a significant impact on the environment. However, due to time constraints,

they will not be part of this life-cycle assessment.

2.9 Framework

It is important to determine what characteristics are important theoretically
when conducting research, in this context, public transportation is a topic that
touches a number of areas of expertise, thus requiring a multi-disciplinary ap-
proach. It is therefore important to establish which sectors are relevant and to
gather a comprehensive understanding of prevailing theories. Existing literature
suggests that there is a strong emphasis on the transition from fossil fuel buses, to

electric and hybrid models [30], as a means of carbon emissions reduction. Be-
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yond that, there important theoretical considerations as to user interactions with
transportation systems [[10]. Together, these theoretical frameworks, among oth-
ers are helpful in determining the weight which each aspect has on total carbon
footprint. This is something that is especially helpful in the conduction of a life-
cycle assessment, given that these aspects are all to be considered as key parts of
the standardised ISO14040/1SO14044 life-cycle assessment framework.

3 Methods

This thesis will be making use of multiple methods to fulfil the research goals
presented in the introduction. These methods aim to provide a wide range of data,
as a means of understanding the case which is being studied. Primarily relying on
a life-cycle assessment of the city of Oslo’s public transportation system with a
focus on buses. This is achieved through an embedded case study. Furthermore,
an assessment of key performance indicators developed from Ruter AS and Oslo
Municipality policies will provide important context to the life cycle assessment,
as well as providing perspectives for future developments in Oslo’s public trans-
portation system. The idea of utilising both of these methods is aimed at obtaining
a complete overview of all aspects relating to buses in Oslo. By utilising both of
these methods, it is hoped that we can generate a complete overview of Ruter’s car-
bon footprint, as well as a clear understanding of the policies and practices which

guide it.

3.1 Life-cycle Assessment

Life-cycle assessments have, for a period of time represented an important
resource for decision making at a number of different levels[31]]. The prominence
of LCAs in policy development, as well as in business decision-making stems from
the framework’s ability to gather objective data on the total carbon footprint of

projects. Furthermore, LCAs are a way to establish the total footprint of a project
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from cradle to grave, something which is becoming highly desirable in an era of

evidence-based decision-making[31]].

Life-cycle assessments are rooted in inventory analysis, which seeks to de-
termine the total carbon footprint over the total lifespan of a product, material or
project. This is something that is determined by the measuring emissions and re-
sources produced and utilised in the production cycle, the use cycle and the end
of life cycle[31]]. Different values are attached to each step of the assessment, as
a means of establishing which aspect of the production phase generates a higher
carbon output, thus allowing for a fair assessment of the total output[31].

There is some theoretical argumentation in relation to the ways in which val-
ues are assigned in LCA development, especially surrounding the justification for
these valuations[31]]. The primary method which will be used in the conduction of
this research is one that follows the principles of a life-cycle analysis, which will
aim to provide a better understanding of public transportation, more specifically
focusing on buses in the city of Oslo. This method follows the standards estab-
lished in ISO14040 on life-cycle analyses. Furthermore, ridership data, as well
as infrastructure and developmental investments will be analysed as a means of
determining the efficiency of public transportation from a public perspective, as

well as political interests.

3.2 Embedded Case Study

The primary method of this study is a Case study, which focuses on the case
of the City of Oslo’s bus transportation system, operated by Ruter AS. As already
mentioned, Ruter is a publicly owned company that operates public transportation
in the counties of Oslo and Viken (formerly Akershus)[[13]. It is owned partly by
Oslo Municipality (60%) and Viken County) (40%)[[13]. As such, Ruter operates
a number of different services in different areas, from urban to rural[[14]. This
adds a number of layers to the study of Ruter’s operations, given the fundamental

differences which exist between public transportation in urban and rural contexts.
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This thesis will therefore follow an embedded case study model[32], which fo-
cuses on the City of Oslo’s public transportation. This means that this life-cycle
assessment will only study aspects related to urban public transportation. As an
embedded case study, this thesis will focus on one aspect of public transportation,
buses in the urban core of the City of Oslo, within the context of Ruter’s operations

as a whole.

3.3 Life-Cycle Assessment

Life-cycle assessment is a comprehensive method that explores in detail the
carbon footprint of a system from cradle to grave [[l]]. Meaning that the analysis
takes into account each step of the use cycle, from the types of fuel used to the
distance travelled, to passenger loads, thus enabling a complete view of the re-
sources and energy required throughout the product’s life [|1]. To achieve this, the

life-cycle assessment has four stages:

1. The goal and scope definition stage; it is important to set parameters to a
life cycle assessment, given that they are more likely to be effective with a
clear goal and scope.

2. The inventory analysis stage; this refers to the data collection stage, cre-
ating an inventory of available data needed to fulfil the objectives of the
study.

3. The impact assessment stage; this stage consists of collecting additional
data, as a means of better understanding a product, or system’s impact in an
environmental context.

4. Interpretation; this final stage consists of a summary and analysis of the
LCA, used to elaborate conclusions, recommendations and take decisions
as per the defined objectives of the study [[1].
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Figure 1: The four phases of a life-cycle assessment|[|1]

Within the scope of this research, the LCA approach will be utilised to de-
termine the improvements which can be made to the bus fleet currently in use
by Oslo’s transportation authority. Conducting an analysis from a range of data,
to determine the current carbon footprint, and how emissions reductions can be
achieved. Utilising a LCA framework is a well-established tool that facilitates
decision-making processes at a number of levels []1]]. In the context of this re-
search, the framework will allow for a complete analysis of the current system,
which in combination with additional information on new technologies, innova-
tive solutions as well as case studies will offer new perspectives both on the current

situation, as well as possible solutions.

3.4 Key Performance Indicators

Given that the scope of this research lies both on the carbon footprint of an
existing public transportation system, as well as it’s capacity to progress towards

reduced emissions, it is important to examine the existing policy framework. This
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is something which is critical, as decision-power is inherently linked to politi-
cal decisions and policy frameworks [10]. To achieve this, a component of this
research will conduct an analysis of the existing steering documents, regulatory
frameworks, as well policy intentions, as a means of understanding the direction in
which Oslo, and Norway’s public transportation authorities are going. To achieve

this, a key performance indicator methodology will be applied.

3.5 Identifying key performance indicators(KPI)

There are a number of ways to develop and identify key performance indicators
[33], for this research, indicators will be identified through data collection from,
various existing case studies, current government guidelines on public transporta-
tion, policy commitments to the sustainable development goals and Agenda2030,
as well as literature on sustainable public transportation planning and low-carbon
emitting vehicles. KPIs are a commonly used tool for measuring the performance
of operations, policies or objectives[34]. A key component of KPI modelling is
the numerical weights attached to each of the variants. This is important as it pro-
vides a numerical ranking of each aspect based on their assigned value, based on

their degree of influence, as well as topic-specific characteristics [33].

4 Chapter 1 - Life-Cycle Assessment

The implementation of a Life-cycle assessment that follows the ISO14040 and
ISO14044 standards is a complex process that requires multiple data sets from a
number of different sources[l, 35]. The data used in this assessment of Ruter’s
bus operation is primarily acquired from Reports published by Ruter, other data
originates from independent reports, as well as various publications and articles.
This thesis relies on this data and methodology, as well as the data analysis soft-
ware MatLab to implement this framework. It is important to follow an approach

that corresponds to the established process of this standardised procedure.
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4.1 Phase 1 - Goal and Scope Definition

It is important to identify the objectives of a life-cycle assessment prior to
starting the data analysis process. As such, this phase is a critical portion of the
process [|1]]. In the context of a LCA of public transportation in Oslo, the goal and
scope of this research are focused on buses, as well as on how the transit network
can be expanded and developed, as well as to see how it can inform public policy-
making, in terms of operational procedures and goal creation.

The intended application of this LCA 1is to determine the carbon footprint of
buses as part of Oslo’s public transportation system. The reason for carrying out
this study is to provide a better understanding of how LCAs can be utilised as a tool
for sustainable transportation development. This application seeks to establish the
ways in which transportation data can be utilised to inform future development
through the creation of a complete current portrait of the environmental footprint.
Furthermore, the aim in this instance is to provide an understanding of LCAs as

tools.

4.1.1 Scope

The scope of a LCA is a standardised aspect of life-cycle assessments which
seeks to define the focus and depth of the assessment, as a means of addressing
the established goal, [[I]]. This section will outline the scope of this LCA as part of
the thesis research.

The product system which is being studied is public transportation in the city
of Oslo, with a focus on bus transportation. The scope is determined with the
understanding the Ruter provides bus transportation across two regions (Oslo and
Viken counties), with multiple contexts in terms of geographic development, to
address this, the LCA focuses solely on bus transportation within the urban areas
of the City of Oslo, this is done due to time constraints. It is important, however,
to note that there is significant potential for further research in relation to public

transportation service provision in rural and low-population density areas of Oslo
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Municipality and Viken County. Having established that, the main area of focus
is, therefore, the yearly provision of effective public transportation to passengers
in the city of Oslo, which is defined as the immediate core of the City of Oslo,
excluding the more extensive suburban areas. Creating road links between various
sectors of the city. To define the system boundaries, the study will focus solely on
bus transportation within the immediate city limits of Oslo, thus excluding rail
and light-trail transportation as well as regional services. Furthermore, this LCA’s
focus is primarily set on the operational aspects of bus transportation although
there will be some considerations of production and disposal cycles. With that

boundary set, the unit processes of bus transportation are threefold;

1. Production of buses
2. Use of buses

3. Disposal or reallocation of buses

To conduct this LCA, there are significant data needs. This requires data on
the manufacturing processes of buses that are part of Ruter AS’ core fleet. Fur-
thermore, it requires data on the road use, fuel consumption and distance covered
over an average period of time. Finally, there is a need for data on the lifetime of
the average Ruter bus, as well as data on the disposal process. Given the extent of
the data needs, the scope of this LCA will primarily be focused on the use phase of
the case. The main assumption is that Ruter operates a network that is rapidly de-
creasing emissions, yet continues to be a significant emitter in Oslo’s total yearly
carbon footprint.

There are limitations in terms of the provenance of information. The quality
of the data is liable to the manufacturers and operators, whilst it can be assumed

to be reliable, there is the potential that it be overly optimistic.
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4.2 Phase 2 - Inventory Analysis

The inventory analysis phase seeks to establish the total amount of inputs and
outputs within a unit system. This is aimed at identifying the data required to
conduct an analysis. The process of inventory analysis is used to establish, define
and quantify which process flows exist within the scope of the LCA. Given that
the scope of this study is on bus transportation in Oslo, and that transportation is a
complex area to understand, the inventory analysis is an important step. There is
a clearly defined process through which the inventory assessment phase must be
conducted, in order to meet the requirements established in [ISO14044 [35]. This

section will implement this process.

4.3 System Boundary

For an inventory assessment section to be effective, a system boundary is re-
quired, as a means of limiting the scope of the data[|l]. This LCA aims to analyse
the input and outputs at the use stage of Ruter’s operations. As such, the primary
input and output flows that are relevant within the scope of this LCA are outlined

below.
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Figure 2: System boundary of Ruter’s bus operation, as per this LCA[1]

It is important to note that there are omissions to this inventory assessment
as a result of time constraints as well as limitations in scope. Consequently, the
extraction and processing of fuel and its outputs are omitted from this inventory as-
sessment. Furthermore, the environmental impact of road and infrastructure con-

struction and maintenance is also omitted from this research.

4.4 Unit Processes

The first step of an inventory analysis is to describes each unit process influ-
encing the input and output flows present in the scope of the LCA [35]. Keeping

in mind the scope of this LCA, in this study, there are three main unit processes
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that impact the carbon footprint of bus transportation in Oslo. These interact as

follows:

\ 4

Vehicle production Use > End of life

Figure 3: Unit processes in Oslo’s bus transportation network

This is a simplified flow graph that outlines the key unit processes which fig-
ure in this LCA, it is nonetheless important to provide precisions on what are the

inputs and outputs for each of these flows.

4.5 Phases of Assessment

Subsequent to identifying the unit processes, as well as the LCA’s boundaries,

the inventory analysis identifies the sources of the required dataf[[l].

4.5.1 Vehicle Production

The first unit process refers to the manufacturing process through which Ruter’s
fleet is produced. Ruter operates around 1100 buses through its twenty-two con-

tracted service providers [11]. Ruter operates five types of buses;

Standard low-floor city bus, c. 12 metres

Standard low-floor city bus, c. 13,7 metres

Articulated low-floor city bus, ¢. 18 metres
* Regional, c. 13-15,5 metres

e Minibuses 7-10 metres
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’Conventional’ Bus model information

MAN Lion’s City 12 MAN Lion’s City 18 Volvo 8900
Length 12,2m 18m 13,7m
Weight 19,500kg 28,000kg 24,750kg
Type of drive Diesel Diesel Diesel
Fuel types Diesel, HVO, FAME | Diesel, HVO, FAME | Diesel

biodiesel biodiesel
Emissions Standard Euro 6 Euro 6 Euro 6
Chassis Material Steel, aluminium Steel, Aluminium Steel, aluminium

Table 1: Technical information on buses used by Ruter prior to 2020 [4, 3, 6, 7]

This is a list that takes into account the Ruter’s fleet prior to the end of 60%
of its service contracts in 2020 [[11]]. It is important to take note that starting from
2020, Ruter is rapidly electrifying its fleet, with the aim to achieve 60% electri-
fication of its fleet by 2025 [[14]. This invariably has implications on the manu-
facturing process, which differs between internal combustion engine buses, and
electric buses [30].

The manufacturing of both fossil-fuel and electric buses have similar produc-
tion flows, albeit with different inputs and outputs [30]. It is established that 90%
of carbon emissions of buses are emitted during the use phase[[16]. This from the

outset begins with primary materials.

The manufacturing process is also an important step that demands energy re-
sources, which will have implications on the total carbon footprint of the vehicle
production flow, depending on the energy sources. It is established that the ma-
jority of buses currently, and projected to join Ruter’s fleet originate from Euro-
pean manufacturers [|11]. This undoubtedly has implications on the energy sources
prevalent in the manufacturing process.

It is important to note the differences in resources that are required to construct
conventional diesel buses and electric buses. They have significantly different

components and as such require different materials. This is something that has
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an impact on the carbon footprint of the production process. Something which is
clear is that electric buses which utilise batteries have a larger carbon production
footprint in comparison to conventional diesel buses[[14].

The final input flow which is present in bus production, is the transportation
from the manufacturing plant, to the point of use, in this instance on Ruter’s bus
depots. In the case of Ruter, the majority of its buses are built in Central Euro-
pean countries, such as Germany, which requires some transportation. This is an
important step, as the transportation step for a bus represents a significant carbon
output. Moreover, as Ruter is rapidly replacing its fleet from conventional diesel
buses to electric power trains, this represents an important factor in the total carbon
footprint. Many of Ruter’s buses are produced by the German manufacturer MAN
Trucks & Buses AG. Consequently finished buses must be shipped from Germany

to Oslo, either through road transportation or through maritime shipping.

4.5.2 Bus Operations

The main emphasis of this LCA, as outlined in the scope, is on the operational
footprint of buses in Oslo, which are largely responsible for Ruter’s carbon foot-
print in over the life-cycle. This refers to the daily operations. There are a number
of factors to consider in terms of the footprint. These system flows have a num-
ber of inputs which have implications on the total carbon output. In the day to
day operation of buses, among the most important aspects to consider is the fuel
consumption. This differs according to the type of bus, its size and weight as well
as its average load. In Ruter’s fleet, in 2016, 77% of buses used diesel fuel []11]].
However, more recent data shows a clear decline in diesel use, with a growing use

of bio-diesel and electric fuel[2].
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Figure 4: Types of fuel used by Ruter buses in the last 4 years.[2]

In terms of the energy use per passenger kilometre in Oslo city buses, there are

a number of outputs to consider; KgCO,, NOx (N5,0), as well as PM emissions.
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Figure 5: Energy consumption per km for the previous 4 years[2]

Another aspect that is important to consider in the assessment is the output
of nitrous oxide, a harmful byproduct of internal combustion engines[36]. In as-
sessing climate change, the main focus is often put on CO, emissions, however,
nitrous oxide is a significant contributor to greenhouse gas emissions[36]. N,O
emissions are independent of CO, emissions and must be accounted for, as a means
of establishing the extent of their proportion in the total GHG output from public
transportation in Oslo[36]. N,O emissions data for Ruter’s city bus shows a clear
decline between 2007-2010 and 2017-2020, although some growth between 2017

and 2019.
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Figure 6: Emissions of Nitrous oxide(N,0) in tonnes[2]

To determine the extent of the carbon footprint, another flow lies on ridership
statistics, which have a significant impact on the total carbon output, given the effi-
ciency implications. As such, this is something that has to be measured according
to COye/km/passenger. This has implications both in terms of the amount of fuel
required, but also in terms of the efficiency of Ruter’s bus service provision. This
is especially important in terms of propensity to use public transportation. It is
well established that ridership is directly correlated to the proximity of bus stops
to homes, central locations as well as the frequency of service[37] and the quality

of alternative modes of transportation, such as private cars. This is something that
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is important given that the total distance covered by the average bus on a daily ba-
sis, and that its carbon footprint is inherently related to the passenger load. Ruter’s
average bus covers 55,000 km on an annual basis [[11]. Multiplied by the num-
ber of buses in Ruter’s fleet (1100 buses) means that buses cover over 60 million

kilometres in Oslo on an annual basis.
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Figure 7: Map of bus routes in the city of Oslo[3]
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This map shows Ruter’s network, which is quite extensive. This shows that
Ruter buses are required to cover a large territory on any given day. Depend-
ing on the ridership data for each of these routes, there would be a difference in
CO,e/Passenger-km according to the type of bus used.

Given that Ruter intends to become zero-emissions by 2028, primarily through
electrification[2], it is important to evaluate the methods of electricity generation
which will be utilised by Ruter. In Norway, 98% of electricity comes from renew-

able sources.

I Hydropower
I Wind power
1 Thermal power

96%

Figure 8: Electricity generated in Norway per source

This chart shows that the vast majority of electricity generated is produced

with hydroelectric power, representing 129TWh generated annually. The rest of
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the electricity generated is produced through thermal power(3,3TWh) and wind
power(1,9TWh). This accounts for the 134TWh of electricity produced in Norway
annually[38].

4.5.3 End of Life

This phase represents the post-use phase of public transportation. It refers to
what happens after the lifetime of the bus expires and it must be replaced. This
is especially relevant given Ruter’s aggressive plan to decarbonise its operations
through electrification[|1 1]]. This implies that currently in use diesel, and bio-diesel
buses will be phased out in favour of new, electric and hybrid buses[[11]. Whilst
this is not the main focus of this study, it nonetheless remains important to consider
especially in terms of phasing out speed.

The usual bus in Ruter’s fleet has a lifetime of 10 years [|11] Which represents
an average of 550,000km over its lifetime (km/y/lifetime). The output flows
generated during the disposal process are dependent on the power trains of the
buses. Electric and hybrid buses have fundamentally different disposal processes.
There is a well-established process for the disposal or recycling of disused buses.
This process differs according to the type of bus which is being disposed of, given
the differences in components[39].

Assuming that the majority of buses that will be disposed of in the near fu-
ture will be internal combustion engine buses, built for conventional diesel fuel,
given the plans for electrification. It is important to consider the carbon output
generated by the disposal of the replacement of diesel buses in favour of electric
buses and batteries. Furthermore, it is relevant to establish the differences which
exist between the disposal of internal combustion engine buses and electric power
trains.

The disposal phase consists of four main steps:

1. Inspection

2. Draining fluids
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3. Removing of parts for recycling

4. Crushing

Referring back to the material data based on buses which are part of Ruter’s
fleet, the material disposal aspect refers to the outputs resulting from the disposal
of the different components present in buses; such as drive-trains, body, interior
furnishings and so on. This is something that can have significant impacts on the
environment, depending on the methods which are utilised. Removing of parts
refers to the re-purposing of certain components present in buses. This is some-
thing that significantly reduces the total carbon footprint of the disposal phase[39].

S Impact Assessment

This section seeks to determine the impact of the processes occurring which
have been identified as part of the inventory analysis. This is an important step
as a means of identifying the extent of the impact which unit processes have on
both the environment as well as on the overall management of Oslo’s bus fleet. To
achieve this, this section seeks to justify the selection of the assessed categories,

furthermore, this section seeks to specify the environmental relevance of each cat-

egory.

5.1 Impact of bus manufacturing

Whilst this is not within the main emphasis of this assessment, it is important
to note that there is an impact on the environment as a result of the manufacturing
processes attached to buses. Furthermore, there is an impact linked to a rapid tran-
sition from conventional buses and internal combustion engine, to fossil-free and
electric buses. The majority of the carbon emissions produced by buses, exclud-
ing the use phase stems from the manufacturing process, maintenance as well as

infrastructure[40]. Buses are large and complex vehicles that require significant
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resources to produce[40]. This is something which is important to consider as part
of the life-cycle of buses.

5.2 Impact of Use Phase

It is well established that buses have an environmental impact, however, there
is a multitude of factors that have implications on the environmental footprint of
buses. In the case of the City of Oslo, the key aspects considered include; types
of fuels used, the energy use per passenger kilometre, as well as the nitrous oxide
output. Furthermore, it is important to establish the data on the utilisation of public
transportation. This is something that is informed by a number of factors, such as
the routes covered by buses, population density as well as ridership statistics for
each route. Combined these elements give a complete assessment of the impact

buses have on the carbon footprint of buses in the City of Oslo.

5.3 Environmental relevance

Having established that buses and public transportation as a whole represent a
dominant greenhouse gas emitter in Oslo, ca. 4%, the majority of which is caused
by buses[|11]]. Analysing the data shows that buses can be large emitters, thus es-
tablishing a significant environmental relevance. The use of different types of fuel,

as well as the total ridership, have varying degrees of impact on the environment.

5.4 TImpact of bus disposal

The disposal of buses is a process that has significant energy needs[39]. This
represents an area that produces a portion of a bus’ carbon footprint over its life-
cycle. Considering that buses require many components to function[39], it is evi-
dent that the disposal of these components is a complex process that requires some
attention. However, this aspect of the life cycle assessment goes beyond the scope

of this research, though it is important to consider. Furthermore, given that Ruter
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is rapidly transitioning its fleet from more conventional options, namely diesel and
bio-diesel buses[]13] to electricity, it can be expected that an increased amount of

buses will be disposed of over the coming years.

5.4.1 Interpretation

This final segment of the life-cycle assessment breaks down the findings of the
LCA, with the aim of contextualising these findings within the scope of the LCA.
It seeks to identify the significant issues based on the results of the assessment, and
inventory analysis phases of the LCA, it evaluates that the LCA is complete, and
consistent, as well as provides conclusions, an overview of limitations and finally,

recommendations[35].

5.4.2 The City of Oslo’s Bus Network

This LCA shows the extent to which buses contribute to the total carbon out-
put generated in the city of Oslo over an average year. Buses require a significant
amount of resources to operate and are an important contributor to the production
of N2O and PM, which are both significantly damaging to the environment. Fur-
thermore, the LCA finds that bus transportation represents a significant share of
Oslo’s total carbon emissions caused by transportation. It shows that buses require
significant energy resources to operate within the City of Oslo, in comparison to
electrified public transportation methods[2]. However, the data shows a clear trend
towards emissions reduction.

The data provided by Ruter in their yearly reports show clearly the types of
fuels which are used to power their city buses. After converting the units, it be-
comes possible to determine the percentage of each fuel type that is used. In doing
so, we can observe that from 2017 to 2020, conventional diesel usage has signifi-
cantly decreased; from 48% to 20%. This is a trend which is completely opposite
from the use of electric or battery operated buses, which has gone from 0%, or

a negligible amount, to 22% of the total fuel usage. This represents a significant
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difference. Other interesting observations can be made on the use of natural and
liquid petroleum gas fuels, which have been completely eliminated from the net-
work.

Whilst it is clear that battery and fuel-cell buses have fundamentally different
disposal processes, and that the components for their manufacture have an impor-
tant carbon footprint, the footprint of their operations, based on the COskg/E/Pkm
is significantly more efficient. With the source of energy being overwhelmingly

carbon-neutral, it means that they can enjoy a virtually carbon-neutral footprint.

5.4.3 Reduction in CO,

As it stands, the data analysed in this assessment shows that there are signif-
icant benefits for the carbon footprint resulting from the introduction of electric
power trains within Ruter’s bus fleet. With Ruter’s rapid introduction of a contin-
uously growing number of electric-battery operated buses, it is clearly shown in
the emissions data that CO, emissions have decreased significantly over the past
decade. Furthermore, with the near-complete phasing out of conventional fossil-
diesel fuels, in favour of HVO and FAME bio-diesels, Ruter’s carbon emissions

are currently more than halved from the emissions 10 years ago.

5.5 Completeness, sensitivity and Consistency of the LCA
5.5.1 Completeness Check

This LCA focuses on the operational aspects of Ruter’s city bus operations in
the City of Oslo. As such, there is a significant of data on carbon emissions, en-
ergy use, fuel types and greenhouse gas emissions which was analysed as part of
this assessment. Given this scope, there is significantly less attention accorded to
the manufacturing and end-of-life phases, although some data were analysed. In
terms of the operational data, the data which is currently available was assessed.
There is a significant opportunity for further assessment in future, given the con-

stant evolution of Ruter’s operation, the data on the implications from the disposal
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and recycling of phased out buses will become more available, as well as the im-
plications of COVID-19 on a number of factors.

5.5.2 Sensitivity Check

Whilst there is significant, reliable data available on the environmental im-
pact of Ruter’s operations, there are a number of factors to consider in terms of
uncertainties surrounding this assessment. The data provided gives a good under-
standing of the carbon emissions and the total footprint of buses in Oslo. However,
the current situation relating to the pandemic, the numerous lock-downs, as well as
work-from-home mandates, have had significant implications on the data for 2020.
Furthermore, 2020 was the targeted year for the transition to the exclusive use of
fossil-free energy resources in Ruter’s bus network, These two events impede the
ability to form clear conclusions, given the significant spikes in the data for that
year. However, the data from previous years enables the identification of clear
trends in relation to the carbon footprint. Further research in years to come will
be required, both to determine the impact of the pandemic, as well as to identify

further changes in Ruter’s operational practices.

5.5.3 Consistency Check

Having established that the scope of this LCA is focused on the use phase of
Oslo’s bus network, this assessment utilises data relating to the various operational
aspects required for bus transportation. As such, the data is consistent with the
scope of this assessment. Given that most of the data stems from Ruter’s annual
reports, which provide clear, complete emissions and operations data year after
year, there is no doubt that the data utilised in this assessment is consistent, both in
quality and relevance. This life-cycle focuses on a specific case, the city of Oslo,

it is therefore quite uniform.
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5.6 Limitations

The limitations in this life-cycle assessment have been overwhelmingly related
to the issues surrounding data acquisition for the production and end-of-life phases
of this assessment as well as the complexity of this field of research. There is sig-
nificant data available, in relation to the operational aspects. The data relating
to production cycles is sparsely available. Not much information on manufactur-
ing is made available by major bus manufacturers, which severely impedes the
assessment of this impact. As such, this aspect of the LCA is largely based on
assumptions based on other data sources such as studies, something which limits
its reliability.

Another limitation relates to the end-of-life phase, given that it is an ongoing
aspect of Ruter’s operations. There is some information, relating to the average
lifetime of buses part of Ruter’s fleet, including the average number of kilometres
travelled and such, however, not much is available as to what is done with discon-
tinued buses. This can be attributed to the structure of Ruter, which is largely op-
erated through sub-contractors, who do not have the same transparency standards.
This impedes certain aspects of this assessment, especially in terms of identifying
the resources utilised in the disposal processes, as well as establishing the extent

of the circularity of Ruter’s bus operation.
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6 Chapter 2 - Key Performance Indicator Assess-

ment

Key performance indicators are important tools that can contextualise the find-
ings of a life-cycle assessment. This is achieved through the analysis of commit-
ments and policy priorities on bus transportation, which is then weighted according
to the assigned level of importance. The assessment of key performance indicators

is an important step in bridging the results of the LCA with the political interests

6.1 Ruter Policies

Ruter being the operator of Oslo’s public transportation network is responsi-
ble for the administration of its network. It, therefore, holds significant decision
power in terms of outlining the priorities for public transportation in Oslo. To this
end, it has established a clear policy direction that is aimed at carbon-neutrality,
and near-complete electrification by 2025[[11]]. This suggests a strong commitment
to sustainability. Given that the plan as established seeks to electrify completely
buses in Oslo starting in 2020, with a view to being completely electrified by 2025.
This is an ambitious plan, therefore KPI is necessary to analyse whether it is fea-
sible. Every four years Ruter produces a public transportation strategy. Which
aims to produce an overview of the current state of operations, as well as establish
clear priorities for the future [§]. In the report published in 2016, Ruter outlines
its strategy for the implementation of the Oslo2030 Agenda, from a public transit
perspective, as well as establishes the ways in which it can realistically implement
these objectives [8]. The report outlines key priorities, which in relation to the sig-
nificant population growth in the Oslo region[8], as well as the carbon footprint
of Ruter’s total operation (including rail and boat transportation) which accounts
for 60% of Oslo’s annual carbon emissions[8]. This context gives a direction to

Ruter’s policies of which there are many throughout this report.
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6.1.1 Ruter Policy Indicators

1. Attractive Public transportation

* Development of public transportation which is an attractive, first choice
option for individual mobility (as opposed to a private car, for exam-

ple).

2. Integrated public transportation journeys

 Offering a service which seamlessly integrates the different types of
public transportation services, Bus, rail, boat, from point a to point b.

3. Reliable public transportation

 Offering a service which users can rely on for timely, rapid and effec-
tive transportation

4. Public transportation from renewable energy sources

* A bus fleet which is entirely powered through renewable energy sources
from 2020, using; electricity, hybrid power-trains, bio-fuel; bio-diesel
and bio-ethanol.

5. Total electrification by 2030

* A bus fleet which is entirely electrified, through battery and fuel-cell
powered electric buses.

These five indicators stem from [§] and outline the priorities which are most rele-
vant to this study. It is important to establish which indicators are most related to
the scope of the life-cycle assessment, as it enables the KPI model to complement
the data generated, as a means of establishing the extent to which the policies are

implemented, which ultimately has implications on the carbon output.
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6.2 Oslo Municipality Policies

The City of Oslo has outlined a progressive agenda towards sustainability,
which seeks to reduce the number of cars present within its urban core. A com-
ponent of that plan is to improve the current public transportation service offer-
ing, as a means of encouraging use. The city of Oslo has committed to having a
fossil-free public transportation system by 2020[41]]. Meaning that buses will be
powered through renewable sources entirely. This works in conjunction with the
Emissions free 2028 commitment[41].

The city of Oslo has a set of policies that are significantly interconnected with
those established by Ruter. As a result, this means that they share goals. The im-
portance of performance indicators in the context of Oslo kommune policies lie in
the impact these have on Ruter’s progress. The city of Oslo is ultimately responsi-
ble for the urban planning and physical infrastructure which facilitates the imple-
mentation of Ruter’s policy. There is, however, no doubt that the policies of Oslo
share links with Ruter. Oslo municipality policies are mainly centred on infras-
tructure development as a result of urban expansion [41]. These seek to alleviate
the issues which are susceptible to arise as Oslo experiences significant growth,
especially in terms of transportation; increasing numbers of cars, overcrowded
public transit, overcrowded vehicles and so on[41]. Furthermore, it is established
that Oslo kommune is determined to ensure that alternative transportation meth-
ods are prioritised over cars, through the development of effective alternatives, of

which buses are an important aspect[41]].

6.2.1 Oslo Kommune Performance Indicators

1. Green transportation infrastructure

* Developing infrastructure projects which support the furthering of green
public transportation options.
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2. Measures to promote the of public transportation

» Developing measures to encourage the use of public transportation and
electric vehicles as a means of improving the air quality.

3. Prioritising public transport users, pedestrians and cyclists

* Creating policies which prioritise public transportation users, pedes-
trians and cyclists over motor-cars, with a view to reduce car traffic by
20% by 2020.

4. Cutting greenhouse gas emissions by 95% by 2030.

* An ambitious goal which aims to achieve near carbon neutrality by
2030. Intend to completely eliminate emissions from public trans-
portation, which accounts to over 60% of Oslo’s total carbon output.

5. Urban development centered on public transportation

* Ensuring that urban development is designed in relation to the acces-
sibility of public transportation.

These performance indicators have been identified from a number of docu-
ments published by the City of Oslo; such as its Strategic plan for 2020-2023 [42],
its climate and energy strategy [9] as well as its policies on public transportation
[41]. These indicators have been selected to address the gaps in the indicators se-

lected for Ruter’s policies, mainly as a result of different roles and responsibilities.

6.3 Weight Distribution and Data Modelling

KPI assessments rely on the attribution of value to the different indicators in
terms of their assessed impact on the overall indicators. To that end, it is important

to establish indicators from the policies identified as relevant.
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Indicators

Policies

Indicators

Weight

Development of attractive

public transportation

Modern buses

High departure frequency
Rapid transport
Infrastructure projects for
public transportation

Urban development around

public transportation

Advanced
Most advanced
Most advanced

Advanced

Less advanced

Integrated Transit Journeys

Effective links between meth-
ods of transportation

Prioritising public transporta-
tion, walking and cycling

OVEer car use

Less advanced

Advanced

Reliable public transportation

Timely service

Consistent service

Most advanced

Most important

Rapid transit between key lo- | Advanced
cations
Use of renewable energy || Fossil-free bus transportation | Advanced

sources

from 2020
Phasing out of conventional
diesel fuel
Use of HVO and FAME

biodiesel

Most advanced

More advanced

Cutting greehouse gas emis- | Advanced
sions from transportation by
95% by 2030

Electrification of the bus fleet || Gradual replacement of the | Advanced

by 2030

current bus fleet

Table 2: Performance indicators with qualitative attributed weight[8, 9]
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It is important to assign a mathematical weight to the qualitative range, as a
means of calculating the performance of the indicator. In the scope of this research,
the scale goes from most important to least important, as means of determining the
extent to which we believe the indicators are important in the successful implemen-
tation of the policy it aims to quantify. Whereas the *most advanced’ qualitative
weight is assigned a value of 4, the ’least advanced’ score is assigned a value of
0. This weighing is developed for the purposes of this thesis. This offers a math-
ematical calculation of the indicators which are thought to be most critical to the

success of a policy.

6.4 Mathematical Scale

After identifying the policies which form the basis of the performance indi-
cator, it is crucial to assign a numerical value, which allows for a quantitative

assessment of performance.

Quantitative Scale

Least advanced | Less advanced | Advanced | More Advanced | Most Advanced
0 1 2 3 4

Table 3: Values assigned to each qualitative assessment valuations

Mathematically, this quantitative scale is put into in a series of mathematical
equations, which provides the results of this performance indicator assessment. In

this instance, the mathematical model is comprised of this formula:

V — Min
Py (Per formance),% = ((]\éaxv — MZL)) x 100

This formula calculates the actual performance of the indicators, as well and

the progress, in relation to the baseline. This gives significant insight as to where

Ruter and the City of Oslo are in terms of progress, from a policy perspective. The
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P, formula evaluates performance, based on the maximum and minimum values in
the scale. Adding the value of the attributed weight for each performance indicator

gives the performance percentage amount.

7 Key Performance Indicator Results

This assessment aims to contextualise the LCA results with policies in the
City of Oslo. By applying the mathematical models to obtain the performance and
progress values of Ruter and Oslo’s public transportation policies, we gain impor-
tant insight into the current and future outlooks. In this analysis of performance
indicators developed from Ruter and City of Oslo policies, there are clear signs of
advancement for a number of the indicators, which exhibit high levels of advance-
ment in terms of performance. Together these two formulas give an overview of
both the performance and the progress achieved for each KPI, which in turn gives

insight into Oslo and Ruter policy implementation.

7.1 Achieved Goals and Long-term Objectives

There are a number of policies that have objectives that had 2020 as a dead-
line. In these instances, the KPIs aim to establish whether these objectives have
been fulfilled, as opposed to whether they are on track to be implemented. This is
something that is useful as a complement to a life-cycle assessment, given that it
gives an added contextualisation to the environmental data. In terms of the 2020
objective to phase out the use of fossil fuels in the operation of buses, the LCA
data shows that is near completion. KPI assessment is helpful in that it enables a
quantifiable differentiation between achieved goals and policies and the progress

made towards long-term objectives.
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7.2 Results of the Assessment

The key performance indicator quantitative assessment, based on the estab-
lished qualitative grading scale, is itself rooted in the policies of Ruter and the
Municipality of Oslo. Show a positive outlook on the implementation of these

policies.

KPI performance

Urban develogm

ent around Public transporation

ublic transportation infr

ttf’UCtUI’e

id transport

frequency

El
High departMEe

dern’buses

0% 20% 40% 60% 80%

Priorising public transportation, walking and cycling over car use
Effective links between methods of transportation

0% 20% 40% 60% 80%

Rapid links between major hubs |
Consistent service ]
Timely service ]

Performance

0% 20% 40% 60% 80%

|

Cutting greenhouse gas emissions from transport
. Using HVO/FAME biodiesel

Phasing out conventional diesel fuel

Fossil free buses by 2020

]

0% 20% 40% 60% 80% 100%

Gradual replacement of bus fleet

0% 10% 20% 30%  40%

Key performance indicators

50%

Figure 9: Performance percentages of the KPI analysis

The data produced in the KPI assessment clearly shows that Ruter’s bus op-
eration is already a well-functioning, modern operation. This is evidenced by the
high performance assessed for advancement in the attractive public transportation
policy area. An area that has advanced to a lesser degree than other indicators

is urban development around public transportation, which appears to be lagging
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behind other indicators[|]11]. Another area where Ruter and the City of Oslo are
progressing well towards advancing their policy priorities is in the development
of integrated public transportation. Ruter offers an advanced level of service which
effectively links between types of transportation. Furthermore, the city of Oslo has
a very developed urban planning scheme to prioritise cycling, walking and public
transportation, thereby discouraging the use of cars in the city centre, in addition
to toll roads, as well as roads where private cars are not permitted to access[42].
The KPI analysis shows clear progress towards near-complete implementation of
these priorities. In terms of effective transportation, the data suggests that Ruter is
already offering reliable public transportation services[|11]], with consistent, timely
and rapid routes. This is consistent with the policies established in that area and
shows clear signs of progress. Ruter and Oslo have designed ambitious policy
priorities towards the elimination of fossil fuels and major reductions in carbon
emissions. Given that 2020 was the deadline for the elimination of fossil fuels
from Ruter’s bus fleet, the data present in the 2020 report shows that it is very near
completion, with a major reduction in fossil energy consumption in 2020. Con-
ventional diesel fuel has more or less been completely eliminated from regular
service. The transition to non-fossil fuels, such as HVO and FAME bio-diesel is
advancing rapidly. Overall, the KPI analysis shows that this policy area is signif-
icantly advanced. This is perhaps most evident in relation to the elimination of
conventional diesel fuels, which was largely achieved in 2020. This represents the

completion of a significant policy objective in 2020.

7.2.1 Development of Attractive Public Transportation

This policy section relates to the public perception of public transportation
services. This is an important aspect to consider, given that it is established that
ridership data significantly influences the carbon footprint data, based on the car-
bon emissions per passenger/km. It is well established that attractive public trans-
portation is more likely to attract higher ridership numbers, thus the importance

for Ruter as a policy aspect. The assessment of the indicators assigned to this cat-
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egory shows that this is an area that has progressed significantly, as is evident in
ridership data, as well as the passenger/km data. However, there are other areas
that are progressing at slower rates, namely the prioritisation of urban development

designed around public transportation.

7.2.2 Integrated Transit Journeys

This is an area that is important, especially in the case of large cities, such as
Oslo. Given that cities cover an extensive area, it is important for public trans-
portation users to have the ability to reach destinations across the city, effectively.
This is important in terms of public satisfaction with the system, but also in terms
of the ability to limit the routes of each transportation category. Limiting the routes
covered by buses reduces the distance travelled, which can have implications on
the carbon footprint. This category shows that Ruter’s transportation system is ef-
ficiently integrated. There is a high level of integration between the various avail-
able modes of transportation. Furthermore, the Municipality of Oslo’s ambitious
policies has resulted in clear advances regarding public infrastructure designed

around pedestrians, cyclists and public transportation users.

7.2.3 Reliable Public Transportation

Reliable public transportation is an important metric to measure the effective-
ness of a transport service. In the first place, it is an area that is important in terms
of customer satisfaction. In the context of a carbon footprint assessment, this is
important as it has an inherent impact on the public use of the bus network [[10].
Increased reliability is generally understood to be an important factor for ridership
data [[10]. The data from the KPI assessment shows that Ruter operates a generally

reliable service with a high level of advancement.
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7.2.4 Use of renewable energy sources

The use of renewable energy sources is not only a crucial aspect of the LCA
data but also a significant aspect of Ruter’s operating principles and policy objec-
tives. Renewable energy use is directly linked to the carbon footprint of buses,
especially in the operational phase. This aspect represents a very effective way
of reducing the carbon footprint of buses in Oslo, as well as reducing GHG emis-
sions, thus limiting air pollution. The indicators in this policy category show clear
progress. Especially in relation to the elimination of conventional diesel. The pro-
portion of renewable energy sources, such as HVO and FAME bio-diesel is grow-

ing, as is electricity. This shows good levels of performance as well as progress.

7.2.5 Electrification of bus fleet by 2030

Electrification is a significant aspect of Ruter’s policy objectives. This is some-
thing that will have a major impact on Oslo as a city and on Ruter as a public trans-
portation operator. This is something that has the potential to significantly reduce
the carbon emissions of buses in Oslo, especially considering that the majority of
the electricity used by Ruter comes from renewable sources [14]. In this assess-
ment, this indicator is another which clearly shows a high degree of performance.
There have been significant advances in electrification, aided by a rapidly growing
electric drive bus fleet. as of 2020, over 22% of the fuel used in buses by Ruter is
electricity, which shows that it has progressed, but that significant work is needed
to reach the 2030 objectives.

8 Chapter 3- Results and Discussion

The analysis of the data provided by Ruter, as well as data provided by third
party agencies, (such as EnTur) offers a clear portrait of the carbon footprint which
Ruter produces through its urban bus service offering. Furthermore, it clearly

shows the extent to which it is progressing towards its carbon neutral commit-
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ments. The data exhibits trends towards great reductions in carbon output, as well
as a rapidly declining carbon footprint. There is also an indication of the declin-
ing use of resources, as indicated by the lower energy use per person/km. Another
outcome that is exhibited by the life-cycle assessment is the insight it provides into
sustainable transportation development. It is clear that it can be an effective tool
for decision-making. As for the KPI analysis, it is a method which allows for a
quantitative assessment of qualitative factor, in this case, public policy, based on
the progress and performance of the established metrics. This thesis has proven
to effectively provide significant added context in terms of the policies and opera-
tional aspects relating to Ruter and the city of Oslo. Furthermore, this assessment
has clearly shown the advancement and progress made by Ruter in a number of

key policy areas.

8.1 Results of Life-cycle Assessment

The life-cycle assessment of Ruter operated buses in the City of Oslo gives
significant insight into the carbon footprint of public transportation in the context
of a decarbonising European capital city. More specifically, it shows the many
ways in which buses have the potential to significantly reduce their footprints,
through the adoption of new technologies. In terms of the carbon footprint which
Ruter’s buses produce, the LCA gives a complete overview of the carbon output,
and resources used in the course of the use phase. All of which were assessed,
to evaluate the extent of Ruter’s footprint on the environment. The results show
that there are clear links between the types of energy technology used and the
greenhouse gas emissions produced by buses in Oslo. The analysis also indicates
that there have been major reductions in terms of carbon footprint by Ruter, over
the previous decade. The evaluation of data in this framework provides a clear
overview of Ruter’s operations and shows the carbon footprint generated by buses
in Oslo. It gives precise insight into which aspects are most important in the carbon
footprint of a bus network as is indicated by the data produced in the LCA.
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8.1.1 Use Phase

The scope of this LCA was focused on the use phase of the life cycle. As
such, the LCA of the use phase gives significant insight into the total footprint of
buses. Furthermore, it illustrates the extent to which this footprint is dependant
on a variety of factors. These factors are; the types of fuel used, the resources
required per passenger kilometre, the distance covered as well as the number of
passengers transported. The LCA shows clear differences from 2010 to 2020, with
2020 numbers being much lower, both in terms of carbon output and in terms of
resources used. A more detailed analysis of the various factors shows significant
progress towards the objectives outlined by Ruter, in relation to the reductions of

its carbon footprint produced at the use phase.

8.1.2 Types of Fuel Used

The first output factor which was examined in the inventory analysis is fuel
types. This shows the extent to which Ruter has rapidly transitioned from primarily
using diesel fuel (48%) in 2017 to 20% in 2020. representing a 58% decrease.
Another interesting observation is Ruter’s departure from liquid petroleum gas
and natural gas, which after a short rise in 2019 (from 6% in 2017 to 9% in 2019),
seems to have been entirely discontinued in 2020. The data shows that there is
an emphasis on the use of biodiesel (HVO) which is steadily growing year after
year. Finally, there is a clear rise in the use of electricity, which rapidly grew to
over 22% of the total fuel used. The data clearly shows that Ruter is undergoing
significant changes, in terms of the types of fuels it uses. Furthermore, it indicates
that it is rapidly transitioning from using conventional, fossil fuels to fuels from
renewable sources, such as HVO biodiesel and electricity. This is a clear indication
of progress, in a transition to a carbon-neutral operation. This is an area that has
significant implications on the downstream carbon footprint of Ruter, given that it

gives a basis for carbon reduction, thus giving
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8.1.3 Energy Consumption and Emissions per Passenger Kilometre

The types of fuels used by Ruter buses is especially relevant when it is analysed
with data on the fossil emissions per passenger/kilometre. This number is heavily
dependent on the number of passengers who use the buses, as this translates to
more effective use of resources. Given that buses require a minimum amount of

resources to be effective, more passengers translates to better use of resources

In the case of Ruter, the energy use per passenger/kilometre is more or less
stable, at around 0,30/passenger/km over the years. It is important to note that the
coronavirus pandemic has to lead to a significant increase in energy use per pas-
senger/km, as a result of the pandemic’s impact on passenger numbers. It is useful
to contextualise these numbers with data on the carbon emissions per passenger
kilometre. In the case of Oslo, the number is at around 3kgCO5/Pkm, for the year
2020. This is another number that has been relatively stable, barring a small in-
crease to 4KgCO,/Pkm in 2018, since 2017. However, the current carbon output
is much lower than the data from the previous decade. The analysis of N,O and
PM emissions is a bit less conclusive, given that they display both a significant
decrease in emissions from 2010 to 2020, yet an increasing trend, starting in 2017.
In terms of assessing the current carbon footprint, we can note that the numbers

show low emissions of both N,O and PM.

8.1.4 Carbon Footprint of Ruter Buses

The life-cycle assessment provides a clear overview of the carbon output of
bus operations in the city of Oslo. It also shows clear signs of carbon reduction
progress. As things are currently, Ruter operated buses have a carbon footprint
which is significant. This is partly due to the continued use of bio-diesel which,
whilst non-fossil, release greenhouse gases. The LCA, therefore, shows clear signs
of progress, but outlines the need for continued progress, especially in terms of

electrification. The LCA also shows the extent to which Ruter has progressed
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towards its objectives. With the majority of Ruter operated buses in Oslo now
functioning with renewable energy sources, such as bio-diesels and electricity,
their total footprint is greatly reduced. The analysis of the data using the LCA
framework clearly shows that Ruter is fulfilling its objectives in terms of decar-
bonisation. However, it is also clearly established that buses continue to produce
a large share of total transportation carbon emissions in Oslo. Relying mostly on
data from the use stage, which is the most important stage in terms of carbon foot-
print.

The LCA shows that, whilst the production of damaging GHGs, such as N,O
and PM has been significantly reduced over the previous 10 years, the emissions
have been experiencing growth in 2019 and 2020. This is something to keep in
mind, given that Ruter buses will continue to use non-electric fuels for the fore-
seeable future. Whilst Ruter is using a majority of non-fossil fuel-based energy
sources, it is important to take into account the GHG gas emissions which it re-
leases as part of its current carbon footprint. Furthermore, as it works towards

carbon neutrality, it is worrying to see NoO and PM emissions growing.

8.2 Results of Key Performance Indicator Assessment

The analysis of key performance indicators gives an added context to the re-
sults of the LCA. It provides a framework for the analysis of policies that guide
Ruter. The results of this assessment clearly show that Ruter is an effective trans-
portation agency, which fulfils its objectives effectively, both in terms of environ-
mental commitments, as well as efficient transportation services. Another aspect
that is clear in the KPI assessment is the influence of the City of Oslo, and its
ambitious objectives towards carbon-neutrality.

Utilising the results from the LCA to conduct the KPI assessment shows that
Ruter is progressing well towards achieving its policy aims. Furthermore, it shows
that it is advancing well in the majority of its goals, suggesting a more global
approach to policy implementation, as opposed to a more single-issue approach.

This is interesting, as it suggests that the majority of these policies are deemed to be

53



equally important. Furthermore, in terms of implementation, it means that Ruter
is less likely to have areas that fall behind, as they progress. The area which is
advancing to a slower rate, as per the KPI assessment, is in the urban development
aspect, though an area managed by the Municipal authorities. It is an area that is

important to consider as a key element of an environmental strategy.

8.2.1 Policy Implications

This life-cycle assessment shows the extent to which these data assessment
mechanisms can have implications for policy decisions. In the context of the city
of Oslo and Ruter’s bus operations, it confirms that the policy decisions are being
implemented and that there is significant political capital to further reduce emis-
sions. As a tool for the development of sustainable public transportation, the LCA
provides a framework for the assessment of existing infrastructure. Furthermore,
it allows for a periodic assessment of changes, thus measuring the impact of new
policy implementations and such. Therein lies the value of LCAs as a policy de-
velopment tool.

Given that this KPI assessment is rooted in the policies established by Ruter
and the city of Oslo, their implications are inherently correlated. Policy-wise,
there is no doubt that KPI assessments provide an interesting way to calculate,
and measure - based on valuations and targets - the progress made in policy im-
plementation. As such, the implications of this KPI assessment relate to the use of
measurable data in policy development. For Ruter and Oslo, this KPI assessment
is overwhelmingly positive, as it clearly shows that they have developed policies
that are being implemented, something which is exhibited in the results of the KPI

assessment.

8.2.2 Life-cycle Assessment as a Tool

As a tool for policy development, the LCA framework is no doubt useful. It

provides verifiable, tangible data analysis which in turn can be utilised to develop
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more effective policies. Given the complexity of public transportation, which is
an area that requires a number of different areas of expertise, there are no doubt
significant benefits to the use of such a framework, to analyse implementation.
Though there are challenges associated with data acquisition. The LCA framework
provides a method to analyse the carbon footprint of a system by categorising each
aspect of its life-cycle, which is useful for such large-scale development projects.
In terms of public transportation, an LCA enables the separation of the production
cycle, from the use phase and finally the disposal phase. Furthermore, given the
numerous flows which exist for each phase of the cycle, LCAs can focus on a single
issue. This is something that is useful in this area, as it allows for the assessment

of a specific area, based on current priorities.

8.3 Interpretation

This thesis is rooted in a multi-disciplinary approach, which aims to facilitate
the analysis of a wide range of technical areas. This is done through the implemen-
tation of a LCA framework and a KPI assessment. As such, this provides a wide
range of data. From which a wide range of interpretations can be developed. The
scope of this research is based on the carbon footprint of buses in the city of Oslo,
as well as the use of a LCA framework as a tool for decision-making and as such,
the results must be interpreted through that lens. In terms of carbon footprint, the
research shows that the vast majority of emissions from buses in public transporta-
tion occurs during the use phase. This is significant, given that the ways in which
buses are utilised differ from city to city, thereby resulting in vastly different car-
bon footprints. In the case of Oslo, buses are largely run with renewable energy
types, thus greatly reducing their footprint. We also see that Ruter is adopting a
gradual approach to its transition to full electrification. Rather than immediately
replacing its entire existing fleet of buses, which would no doubt have significant
implications on the use-phase carbon output of its operation, Ruter is gradually
upgrading its buses, whilst utilising in a majority of cases, fuel from renewable

sources, which reduces its footprint whilst it works towards electrification. This
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is something that is evident in the LCA data.

The results of this LCA show that there is significant progress that has been
made towards Ruter’s environmental objectives. The data shows clearly that there
has been significant progress towards carbon neutrality. This means that Ruter is
committed to altering its operational procedures, and is rapidly working towards
meeting its ambitious climate targets. The current data shows clearly that Ruter is

on the right path towards meeting its objectives in 2030.

8.4 Implications

In terms of climate footprint, the implications of the LCA are that Ruter has
reduced its carbon footprint, and is working towards full electrification rapidly, as
is indicated in the data.

The implications of this research in terms of decision-making related to the
tools which are available to facilitate the development of effective, data-based
decision making. The LCA framework offers a method for the Administration
of companies to assess their operations and utilise the results of such assessments
as a basis for policy development. In the context of this LCA, the implications
clearly show that Ruter is developing ambitious, but realistic policies, which it is
able to successfully implement.

Something which can be seen in the results of the LCA is the impact of the
global Covid-19 pandemic on public transportation in Oslo. Whilst Ruter was
steadily reducing its carbon emissions, and utilising few resources per passen-
ger/km it is clear in the data that the significant decline in passenger numbers has
had implications on the efficiency, from a carbon perspective of its buses. It is
difficult to say what the consequences of the pandemic will be on public trans-
portation in the long run, but as things are, the data shows that Ruter buses utilised
more fuel and energy per passenger-km in 2020 than in 2019. This is especially im-
portant to show the extent to which the number of passengers in buses affects their
efficiency. Furthermore, it shows that further research is important, as a means of

determining what the impact of the pandemic was on Ruter’s operations.
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As it relates to the implications of this data on Ruter’s operations, it will be in-
teresting to see how it adjust its services to a reality where less emphasis is put on
commuting. Beyond that, it is interesting to think about the extent to which Ruter’s
bus services will evolve over the next decade. Especially considering the major
changes between 2010 and 2020, which saw GHG emissions nearly halved. That,
in addition to the KPI assessment, suggests that significant changes could happen
in the next few years. It is also interesting to consider the ways in which techno-
logical advances relating to transportation coordination throughout the value chain

will have implications on public transportation as a whole.

8.5 Limitations

The life-cycle assessment framework is based on the data which is available at
the time of its application. It gives a view of the total life-cycle carbon footprint
of an operating system which is limited to the time of the assessment. Whilst it
is possible to assess data from previous years, as is done in this research, it is not
possible to assess data that is not yet available, such as the outputs produced by
the phasing out of Oslo’s buses. As such, the LCA framework relies heavily on
data trends to determine what the most likely outcome of an operation cycle is. In
the context of this research, the implications of the global pandemic mean that the
data for the last available year does not offer a reliable view of a normal year of
operation, something which limits the development of conclusions.

Another limitation to this method lies in the availability of data. It is evident
that there are significant data, given the overwhelming reliance on commitments
to transparency. It is significantly challenging to obtain data on the manufactur-
ing cycles of industrial buses. Whilst the scope of this research is rooted in the
operational aspects relating to Ruter’s bus service offering, there is no doubt that
the manufacturing of buses is an important component that must be taken into ac-
count. With greater availability of data, research in this aspect of the production
cycle would be more easily achieved, thus providing added insight. There is no

doubt this is a complex field of study, which adds a layer of challenges to the
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research.

8.6 Recommendations

The results of this thesis form the basis for a number of recommendations. In
terms of recommendations relating to Ruter’s operations, it is clear that it must con-
tinue on its current trajectory. As things are, Ruter is progressing rapidly towards
its objectives, in a way that is sustainable and realistic. It has taken a trajectory that
clearly favours long-term objectives over instant achievement, something which
the data proves to be effective. In recommending that Ruter continues on this cur-
rent trajectory, we establish that the trends in carbon footprint project a sustained
reduction in carbon emissions, based on the fact that the data shows clear changes
over the previous decade. Furthermore, it is expected that these trends will con-
tinue to 2030 and beyond when Ruter is expected to have reached its objectives of
a fully electrified bus fleet.

As for the future, we would advise Ruter to continue evaluating its emissions
data, as well as to focus on ridership statistics. This is important as the world, and
Ruter recovers from the global pandemic. As the data shows, there have been sig-
nificant reductions in the number of passengers transported by Ruter, up to a 40%
reduction from 2019 to 2020. As the emissions data, this has severe implications
on the emissions data per passenger/km. It is difficult to see how the pandemic
will affect Ruter’s operations in the long term. However, through the implemen-
tation of an LCA framework, as well as other data analysis frameworks, it will
be possible for Ruter to assess the emissions data on a continuous basis. This
recommendation is based on the data currently available, which shows the extent
to which ridership is important for the carbon footprint of buses. Furthermore, it
is based on the idea that continuous data assessment will enable Ruter to adjust
its operations to provide more effective public transportation for its customers, as
well as limit waste and most importantly, reduce its carbon footprint.

As for recommendations in terms of future research, there is significant poten-

tial for further research in this area. There is no doubt that public transportation
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and transportation, in general, will continue to be important as a study area. This is
something that is based on the importance of transportation as a carbon-emitting
sector, both in Oslo and on a global scale. More specifically, we would advise
that more research be conducted on the infrastructure which is required to support
public transportation. This is an area that is not approached in this thesis, but it
is a very important component of the carbon footprint generated by public trans-
portation. As such, we would recommend the application of this methodology to
this aspect, as it would provide for a different outlook of Ruter’s operations.

Another area which we would recommend as an area for further study is no
doubt the aspects relating to the impact of the coronavirus on urban areas in gen-
eral, as well as public transportation. The data which is currently available gives a
small idea of these implications, but there is no doubt that in future, as more data
becomes available, it will be possible to analyse this data more deeply and for-
mulate clear conclusions. This is both interesting and important, given the space
occupied by public transportation in the daily lives of cities and their inhabitants.
This is something that would be important to study both from an urban perspective
as well as a climate and carbon footprint standpoint.

The results of this research have given an outlook of Ruter and the operation of
its buses from a climate perspective as things currently stand, but there is no doubt
that there is space for further research, which would give an interesting perspective

as things continue to evolve year after year.

9 Conclusion

In conclusion, the consequences of climate change are severe, and there are
many ways to address these issues, and works towards reducing the carbon foot-
print of our society’s daily activities. One area which represents a significant car-
bon footprint, thus the interest in assessing its footprint. Society is constantly
evolving towards increasing urbanisation, which in turn results in increased ur-

ban construction, something which has a significant carbon footprint. Cities, es-
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pecially growing cities, require a tremendous amount of resources, whether for
housing or transportation, thus the importance of public transportation. Public
transportation is often considered to be a far more environmentally friendly way
of travelling around a city, but to what extent do we understand the carbon foot-
print of buses? Furthermore, how can life-cycle assessment be used as tools for
sustainable public transportation development?

These questions are the main objectives of this thesis. Utilising the LCA frame-
work gives an opportunity to get an understanding of the carbon footprint produced
by buses operated by Ruter in the City of Oslo. What is clear in the data is that
buses continue to produce greenhouse gases, however, the emissions produced by
buses have greatly declined over the last decade. Another indication in the data is
that the emissions per passenger/km have also greatly declined, and were declining
year after year until 2020. The types of fuels used by Ruter have also changed over
the past few years, with current fuels being primarily from renewable sources, as
opposed to conventional fossil fuels. An area that is more concerning relates to
the emissions of dangerous greenhouse gases, such as NoO and PM1 which while
being emitted to a much lower level than in the past, have risen in the previous two
years. Overall the data produced in the LCA shows that Buses in Oslo continue
to be a large emitter and that they have a significant carbon footprint. However,
the data also shows clear signs of a reduction in emissions. Furthermore, the data
shows that the transition to electricity is rapidly progressing.

As for the second question; the extent of LCA as a tool for sustainable public
transportation development is no doubt significant. Based on the application of
this standardised framework, it is evident that it provides a method that can be
utilised to assess operations, as well as develop effective policies and practices
which address the more important or pressing issues.

The scope of this research touches a number of theoretical perspectives, among
those most prominent are the Sustainable Development theories, which are largely
influenced by the 17 goals established by the United Nations. These goals, and

more specifically goals 9 and 11, inform policy development, something which
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is evident in Ruter and Oslo policies. As such they are highly influential in the
carbon footprint of Buses in the City of Oslo. Another theoretical area is that
of circular economy, which aims to further reduce the carbon footprint of day-
to-day activities, through economic and industrial restructuring. This relates to
buses in public transportation as it represents an industrial system that has the
potential to become more circular, through innovation. Furthermore, discourse on
circular economy suggests that governments and government-owned enterprises
hold significant influence in that transition, thus concerning Ruter and its corporate

practices.

9.1 Theoretical Conclusions

Theoretically, this thesis roots itself in the concepts which relate to Sustain-
ability and environment and circular economy. One of which relates to the United
Nations’ Sustainable Development Goals, and Agenda 2030. These aim to create
a framework for policy development that is sustainable. In the context of public
transportation, two of the 17 goals are especially important SDG 9: Industry, Inno-
vation and Infrastructure as well as SDG 11: Sustainable Cities and Communities.
These are especially important as they relate most to the factors which inform the
ways in which public transportation services operate. They have the most poten-
tial, as conceptual frameworks, to influence the ways in which these services are
developed, and the ways in which they impact the environment. Given the scope
of this thesis, it is evident that buses in Oslo are operated in such a way that fosters
the development of sustainable infrastructure; through its electrification plan, for
example. Furthermore, there is even more evidence that these SDGs are important
in the context of the KPI assessment, which shows a number of policies across a
number of categories that closely relate to both SDGs 9 and 11.

Another theoretical framework that is important in the context of this research
is that of circular economy, which is no doubt, closely related to matters relat-
ing to public transportation. Circular economy relates to the operation cycles of

industries, with the overall aim of designing out waste. In the context of public
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transportation, and more specifically buses, there is space for greater circularity.
This is evident in the LCA, given the continued reliance on some fossil fuels, which
produce the most waste. The data suggests that there continues to be potential for
circularity, through electrification. What is clear in this research is that circular
economy is an interesting way to look at the issues which have implications on
the climate. Furthermore, it is an interesting theoretical perspective as it relates to
public transportation. Furthermore, with the methods employed in this research
rooted in the life-cycle assessment framework, the circular economy gives context
to the results and helps inform the implications of Ruter’s carbon footprint.
Looking at the results of the LCA through the circular economy theoretical
perspective gives insight into how more circular practices have implications on
the environment. This is most evident in the context of Ruter’s transition to re-
newable energy sources. The LCA data clearly shows that the increased use of
renewable energy sources has greatly reduced its carbon footprint. Seeing as the
circular economy as a theoretical concept encourages the implementation of more
renewable practices as a means of reducing a company’s carbon footprint by de-
sign, the data shows the ways in which this theoretical framework relates to this
case. Overall observing Ruter through the perspective of circular economy theo-
ries gives an added context to the results of the LCA and KPI assessments, as well
as exemplifies the ways in which organisations can work towards reducing their

footprints, by altering aspects of their operations.

9.2 Methodological Conclusions

The methods employed in this research are not new, however, there is no doubt
that the results from applying the LCA framework, as outlined in ISO 14044, and
ISO 14040 are constantly evolving, as the data changes. The LCA conducted
in this thesis shows the carbon footprint of Ruter as things currently are, and
shows the progress which has been done over the years, yet is constantly evolving.
Therein lies the interest in this method as a study tool, especially as Ruter moves

towards electrification. There is no doubt that this framework will be relevant in
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10 years, and that the results will be different, offering a different perspective of
buses in the City of Oslo.

The LCA approach is applicable to many different areas of operation. Given
that it is a standardised practice, it can be utilised to analyse the carbon footprint
of any industry, service or product. In this instance this meant that the LCA had to
be more limited in scope, considering the complexity of public transportation as a
system. Focusing on the aspects relating to operations of buses in Oslo gives this

LCA a more limited scope, which eliminates a number of aspects.

9.3 Reflections

There are a number of outcomes from the data analysis which provide the basis
for greater reflections on the carbon footprint of buses, and public transportation
in general. Using the data as well as the LCA frameworks shows clearly that buses
and their carbon footprint are significantly impacted by the types of fuels which
they use for propulsion. What is especially interesting in the case of Ruter in Oslo,
is the speed at which they have transitioned from using - principally conventional
fuels, such as Diesel, and nearly no electricity at all, to electricity being their largest
fuel type used in four years. This shows the commitment Ruter has towards a
sustainable transition. In terms of the emissions data, the difference in carbon
emissions from 2010 to 2020 was very interesting to see. It shows the extent to
which progress has been made in terms of sustainable transportation.

However, the fact that emissions for the previous two years were trending up-
wards is something of concern. To an extent, there have been clear ramifications
from the global pandemic on Ruter’s carbon footprint. On a passenger/km ba-
sis, emissions data is heavily dependent on the number of passengers who use the
service. This reduces the emissions per passenger, as buses are vehicles that are
heavily dependent on ridership to alleviate their carbon footprint. In the context of
a global pandemic, where a majority of people are asked to remain at home unless,
for essential travel, buses are unable to be filled to an efficient amount. Thus the

higher emissions per passenger/km for 2020. It will be interesting to see in future
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how this affects Ruter’s transportation strategy and how long these practices last
beyond Covid-19.

Overall, this research provides an interesting perspective in relation to the de-
velopment of transportation systems. It is clear that there is value in data, and
that its analysis through a standardised framework in which an established scope,
such as operational aspects, has the potential to give great, significant insight into
the operations, procedures and policies of a public transportation operator. Fur-
thermore, this analysis gives an encouraging viewpoint as it relates to the progress
which is possible to achieve through ambitious objectives in relation to sustainable
public transportation development.

9.4 Recommendations

The implementation of the LCA framework and the results from the data anal-
ysis gives a clear view of Ruter’s current operations. They have established clear
and ambitious objectives towards carbon-neutral operations, and that the data sug-
gests they are working well towards that. In saying that, there is no doubt that the
upcoming years will require special attention, in terms of ridership data, as well
as it will become important to evaluate ridership data regularly, considering that
commuting behaviours are expected to change post-pandemic. This is something
that can have a significant impact on Ruter’s carbon footprint in the upcoming
years.

In terms of data availability, the greatest challenge in the course of the LCA
was the access to data from manufacturers, in terms of the carbon data from their
production cycle. This is an issue that could be addressed, especially in terms of
publicly available data transparency. This would facilitate the acquisition of data
for a more complete overview of the footprint generated over different process

flows.
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9.5 Future Outlook

As things evolve, there is no doubt that there will be changes to the data anal-
ysed in this research, which is something that gives a tremendous opportunity for
both ongoing, and later research. It will no doubt be interesting to apply the same
framework used in this thesis in the future, to grasp to the full extent the impact of
the pandemic on public transportation in Oslo. Furthermore, it will be interesting
to study the ways in which public transportation changes as the world transitions
to a new normality. In terms of environmental data, it will no doubt be interest-
ing to assess the emissions of Ruter’s operations as it continues to increase its use
of electricity as its primary fuel type. Furthermore, future technological develop-
ments will also provide an opportunity for further study, given the potential for
impact.

The analysis of key performance indicators will also be something that is sus-
pected to change in the upcoming years. Considering that the performance indi-
cators which were assessed in this study were significantly advanced on the es-
tablished scale, future study might present an opportunity for the identification of
different performance indicators. As a means of evaluating different aspects of
Ruter’s operations.

Overall, this is an area that has significant space for future study, both in terms
of Ruter’s life-cycle assessment, but also in terms of public transportation in gen-
eral. It will be interesting to see how public transportation develops in the future,
and how this impacts urban areas. It is an area that has potential for expansion.
Furthermore, public transportation is fundamentally linked to the growth trends
experienced by cities on a global scale, as it provides a necessary service for urban
transportation.

9.6 Final Words

With the growth observed in urban areas on a global scale, it is clear that trans-

portation is an issue that is slated to become increasingly important. There are
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many different types and methods of transportation, which exist in cities, includ-
ing buses. With this in mind, there is no doubt that buses can provide an effective,
rapid and reliable transportation service. Furthermore, as evidenced by the data
analysed in this thesis and the case of Ruter in Oslo, it is possible to make signifi-
cant advances in reducing the carbon footprint of buses. This can be done through
the use of renewable energy sources, such as electricity, and bio-diesel. Overall,
there is no doubt that Ruter and Oslo’s successful approach to de-carbonisation
can inspire cities around the world. Especially in terms of setting ambitious goals,
with realistic timelines, which seems to be a significant aspect of Ruter and Oslo’s

SUCCEsS.
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