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ABSTRACT

In order to mitigate climate change cities must become more sustainable and one
important part of this is to increase transportation by public transport. This has in the
Gothenburg region lead to a transportation vision for the year of 2035, for
Gothenburg, Mdlndal and Partille. The vision contains suggestions for the trunk
traffic in the region, and this thesis investigates how a bus rapid transit (BRT) system
could be implemented on parts of Vaster and Soderleden, with special concern to
integration with urban development and what the needs are regarding noise levels and
air quality for waiting customers, as well as traffic safety at stations. Furthermore the
thesis briefly looks into the aspect of switching mode from bus based to rail based
public transport. The work was carried out by performing a literature study on what
BRT is, followed by a study of transit oriented development and the preconditions for
noise levels, air quality and traffic safety, and BRT versus light rail transit (LRT).
After that, information was gathered on the area surrounding the road, and BRT
systems in Istanbul, Curitiba and Ottawa was studied with the aim to find viable
solutions for the different topics investigated in the thesis. Finally an analysis was
carried through where implementation suggestions regarding BRT for Vaster and
Sdderleden was made based on all the previous steps. The challenges with a BRT
system on Véster and Soderleden mainly springs from it being a heavily trafficked
road, while BRT most commonly is a concept implemented on streets in urban areas
with high population density. According to transit oriented development stations
should be integrated with urban development such as housing areas, shops, services
and so on. It was found that the distance from Jarnbrott to surrounding buildings could
be problematic, while Frélunda Torg is better suited with the mall, residential
buildings and other services in near access to Vasterleden and a potential station.
Furthermore the stations should be closed in order to reduce noise levels, increase air
quality and traffic safety. It was also concluded that a median running way would be
more suitable than a shoulder, and the idea of using already existing infrastructure is
somewhat limited in the way that reconstruction as widening of the road and
rebuilding junctions would be needed. The potential has more to do with using the
corridor and its sparsely developed neighboring land than using the actual road, and
therefore it was concluded that a separate busway that uses the corridor should be
considered further. Such a configuration has potential to work better in terms of
transit oriented development as it can be placed on the most suitable side, and
integration between stations and development would be more easily achieved.
Furthermore the three global examples of BRT showed no great solutions in terms of
noise levels or air quality, but gave tips concerning issues with traffic safety.



Regarding LRT and BRT systems, it was found that LRT is not necessarily superior to
BRT. It does have a larger capacity, but the capacity gained by invested money was
larger for BRT than LRT. By looking at the examples abroad it became clear that
BRT systems have the possibility to carry a lot of customers, 30 000 per hour and
direction at maximum in Istanbul. The future built environment in the area, noise
levels, emissions and traffic flow are factors that are difficult to predict, which affect
the prospects of a BRT system. Furthermore economy needs to be taken under careful
consideration since it will have a fundamental impact on how the system can be
implemented.

Key words: bus rapid transit, transit oriented development, noise levels, air quality,
traffic safety, stations, public transport, light rail transit
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SAMMANFATTNING

For att hindra klimatforandringar behover stader bli mer hallbara och en viktig del av
detta ar att 6ka andelen transporter med kollektivtrafik. Detta har i Géteborgsregionen
lett till en malbild for ar 2035, for Goteborg, Mdlndal och Partille. Malbilden
innehaller forslag for utveckling av stomkollektivtrafiken i regionen, och den har
tesen undersoker hur ett bus rapid transit (BRT) system skulle kunna inforas pa delar
av Vaster- och Soderleden, med fokus pa kollektivtrafikanpassad bebyggelse samt vad
situationen ar gallande bullernivaer, luftkvalitet och sakerhet vid stationslagen. Vidare
undersoks i tesen aspekten av att 6verga fran BRT till sparvéag. Arbetet utfordes
genom en litteraturstudie i vad BRT &r och bor inneha for egenskaper, foljt av en
studie av kollektivtrafikanpassad bebyggelse, forutsattningar for bullernivaer,
luftkvalitet och trafiksdkerhet, samt BRT kontra sparvag. Information om naromradet
for Vaster- och Sdderleden samlades in, och BRT-system i Istanbul, Curitiba och
Ottawa studerades med syftet att finna mojliga I6sningar for de olika &mnen som tesen
undersoker. Slutligen genomfdérdes en analys med forslag for ett eventuellt inférande
av BRT pa Vaster- och Soderleden baserat pa de genomforda studierna.
Utmaningarna med ett BRT-system pa Vaster- och Soderleden stammar framst fran
att vagen ar hart trafikerad, dad BRT vanligtvis ar ett koncept som implementeras pa
vagar i urbana omraden med hégre invanardensitet 4&n motorvagsomraden. I enlighet
med kollektivtrafikanpassad bebyggelse ska stationer vara integrerade med
stadsbebyggelse sasom bostadsomraden, tjanster och service. Det framgick att
distanserna fran Jarnbrott till bebyggelsen kan vara problematisk, medan Frolunda
Torg ar battre lampad med kdpcenter, bostadsomraden och annan service i nara
avstand till Vasterleden och en potentiell station. Vidare bor stationerna vara stangda
for att minska buller och 6ka luftkvalitéen samt vara lampliga ur
trafiksakerhetssynpunkt. Slutsatsen drogs &ven att en median bussbana &r lampligare
an en separat bussfil férlagd langst till hdger, samt att anvandning av redan
existerande infrastruktur ar begransad eftersom breddning av végen och potentiell
ombyggnation av mot skulle behévas. Mojligheterna ligger snarare i att anvanda
korridoren och dess obebyggda naromrade &n vagen som sadan. Foljaktligen
konkluderades att en separat bussbana som anvander korridoren bor undersokas
vidare och en sadan anses ha battre maojligheter géllande kollektivtrafikanpassad
bebyggelse, da den kan forlaggas pa mest lamplig sida av korridoren och integration
av stationer och bebyggelse ar mer genomfoérbart. De tre studerade utlandska BRT-



exemplen visade inga direkta I6sningar for buller och luft, men gav tips gallande
sakerhetsaspekter. Gallande BRT kontra LRT-system pavisades att LRT inte
nodvandigtvis ar dverlagsen BRT, da LRT har hogre kapacitet men kapaciteten per
investerad krona &r hdgre for BRT. Studien av utlandska exempel visade att BRT kan
transportera stora mangder passagerare, upp till 30 000 per timme och riktning i
Istanbul. Den framtida byggda miljon, bullernivaer, emissioner och trafikfléden ar
faktorer som &r svara att anta och som paverkar utsikterna for ett BRT-system. Vidare
behdver ekonomiska aspekter tas noggrann hansyn till, eftersom de har en
fundamental paverkan pa hur systemet kan komma att utformas.

Nyckelord: bus rapid transit, kollektivtrafikanpassad bebyggelse, buller, luftkvalitet
trafiksakerhet, stationer, kollektivtrafik, sparvéag
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Notations

Accessibility: the term does not include the accessibility features for disabled people
in this thesis.

Bus rapid transit, BRT: a bus based public transport system with similarities to a
metro

Express-BRT: BRT on highly trafficked roads

GMP 2035: An abbreviation for the transportation vision for Gothenburg, MélIndal
and Partille in the year of 2035

Light rail transit, LRT: trams

Operational speed: Average speed, time at bus stop included

Ridership: Amount of boardings, usually given per hour or day

Transit oriented development, TOD: a policy used to synchronize public transport and
other urban development

Transit: Movement of people from one place to another, in this report referred to as
public transportation

VI CHALMERS, Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25
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1. Introduction

An efficient transport system is an important part of obtaining a sustainable city.
Goals have therefore been established concerning modal shares for the different
passenger transportation modes in Gothenburg (Goteborgs Stad, 2016). In 2035 at
least 35% of the trips in Gothenburg are made by walking or cycling, and at least 55%
of the motorized trips are carried by public transport which gives modal shares
according to Table 1, where present figures also are described. Furthermore there is
also a goal ensuring that the travel time between two important nodes is no more than
30 minutes for either public transport or car. There are no prognosis for the population
in Gothenburg in 2035, however the city is predicted to have 640 119 inhabitants in
2025. Furthermore for each 1000 people there are on average 285 cars’
(SCB/Stadsledningskontoret, Goteborgs Stad, 2016).

Table 1:Present modal shares for transportation in 2015 and goals for 2035.

Year 2015 2035

Population 548 190 -
Walking and cycling 27% 35%
Public Transport 27% 36%
Automobile 46% 29%

1.1 Background

Gothenburg is expanding as a region with its neighboring municipalities MéIndal and
Partille. This increases the number of residents and workplaces, which puts demands
on the development of the transport system in the region. To achieve the
transportation goals for modal shares there is an on-going work of developing a
transportation vision of the year 2035, made by the public transport authority of
Véstra Gotalandsregionen, city of Gothenburg, city of Mélndal and the municipality
of Partille. This work is abbreviated as GMP 2035 which stands for Gothenburg,
MolIndal, Partille the year of 2035. The work of GMP 2035 addresses the trunk traffic
in the region, which is the public transport network that consists of trams, trunk buses,
express buses and commuter trains (Vastra Gotalandsregionen, 2015).

In an analysis report of GMP 2035 made in October 2015 (Vastra Gotalandsregionen,
2015) suggestions of implementing a transport system called BRT, which stands for
bus rapid transit were made. BRT is a concept of mass transit that has special service,
design and infrastructure compared to regular bus systems. The suggestions for GMP
2035 contain what is distinguished as traditional BRT for more dense urban areas but
also BRT that goes on motorways and larger arterial roads, which is called Express-
BRT in this report. The Express-BRT corridors are meant to provide high capacity
and fast bus service mainly as cross-links to already existing radial links, and a map
with a proposal of the corridors can be seen in Figure 1. These suggestions aim to
overall enhance the express transit of the city and make it easier to travel between
specific destinations without needing to enter the city center along the journey,
making journeys shorter and faster meanwhile easing the congestion in the city center.

! Owned by a private person or a private company

CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25 1
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Figure 1. Map over Gothenburg with stretches that are proposed for Express-BRT in GMP 2035 analysis
report, marked in bold red and called Snabbnétsstrak in the legend (Vastra Gotalandsregionen, 2015).

There are guidelines with recommendations of how to conduct BRT in a Swedish
context, yet these guidelines mainly focus on traditional BRT for more urban areas
and are not fully applicable on Express-BRT. Therefore it is of interest to study the
concept of Express-BRT.

1.2 Aim and objectives

This thesis aims at investigating the prospects of an Express-BRT on Véster and
Sdderleden, both in terms of noise levels, air quality and traffic safety at stations, as
well as connecting the BRT with urban development. These aspects were chosen
since they are thought to be of extra importance on a heavily trafficked road compared
to a BRT system on regular streets in the more central parts of a city.

Furthermore there is a general idea that rail based public transportation is preferred
over bus based, this thesis therefore also briefly investigates the reasons for this and
briefly compare the two systems of light rail transit and bus rapid transit.

Based on the aim the following objectives were investigated:

e Does the Express-BRT have special aspects that need to be addressed
when it comes to air quality, noise levels and traffic safety at stations, and
if so how should these be dealt with?

e What are the preconditions and prospects for transit oriented development
in the area?

e lIsitreasonable to continue to have BRT, or should light rail transit be
introduced as a next step when the route is heavily used?

2 CHALMERS, Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25



1.3 Scope

e Two potential stations along the stretch were investigated: Frélunda Torg and
Jarnbrott.

e The design of the stations does not concern the physical shape in a detailed
aspect, which for example means that the size will not be addressed with
measurements.

e When investigating the station configuration due to noise levels and air
quality, the issue was to reduce the exposure for customers, not actually
reduce the levels.

e Economic aspects were not considered further than approximated sums in the
BRT versus LRT chapter.

1.4 Method

In order to answer the objectives and make implementation suggestions for Vaster and
Sdderleden the first step was to study BRT on a conceptual level to gain
understanding of the theory of the system. The next chapter contains information
about the research questions regarding stations, transit oriented development and BRT
versus LRT, and why they are considered important to investigate. This was carried
out by a literature study.

Secondly a literature study of the preconditions concerning the research questions was
carried out for Vaster and Soderleden with its surroundings. This was later used in
order to perform the analysis for implementation of a BRT system. After the study of
Vaster and Soderleden three different BRT systems were investigated in order to learn
how BRT systems can be configured and see how the aspects described in the
objectives have been dealt with on other locations. The following cities were chosen:

e Istanbul, Turkey
e Curitiba, Brazil
e Ottawa, Canada

The reason for choosing Istanbul was that its BRT system runs entirely on a freeway
and thereby is interesting for this thesis. Curitiba’s BRT has a different setup
compared to Istanbul and does not run on the freeway, but was chosen since it is
considered to be an iconic model of BRT with extensive transit oriented development.
Ottawa partly run on the freeway and this alongside the preconception that the city
would be somewhat similar to Gothenburg when it comes to welfare, economic terms
and environmental awareness was the reason for studying this system. These
examples were studied by literature and through use of Google Maps. Since the
systems are diverse not all aspects are dealt with in all three cases, and therefore the
case studies are presented with somewhat different approaches. BRT versus LRT is
only described in Ottawa since no information was found that there are plans for
transformation in the other two systems. After each case study a minor analysis
follows with focus on the performance of the system in question.

Based on findings from the literature studies and the case studies, a final analysis was
performed regarding station features concerning noise levels, air quality and traffic

CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25 3



safety, and transit oriented development in the study area. Moreover BRT versus LRT
and some additional aspects found to be of importance, such as running way
configuration, were analyzed.

4 CHALMERS, Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25



2 Bus Rapid Transit

One of the definitions of BRT is ““...a high-quality bus based transit system that
delivers fast, comfortable, and cost-effective urban mobility through the provision of
segregated right-of-way infrastructure, rapid and frequent operations, and excellence
in marketing and customer service. BRT essentially emulates the performance and
amenity characteristics of a modern rail-based transit system but at a fraction of the
cost.”” (Wright & Hook, 2007)

2.1 Swedish BRT Guidelines

As explained in the definition above, BRT is a bus system that has specific
characteristics and can be compared to rail systems rather than regular bus systems. It
aims at providing high-quality transportation that is faster and more comfortable than
regular bus traffic, and has a strong identity in the transport system and in the city to
enhance orientation and understanding. There is no complete BRT system in Sweden
as of today, and a report providing guidelines for BRT called Guidelines for attractive
public transport with a focus on BRT made by X2AB (2015) has been carried through
with the aim of supporting planning and implementation of such a system. A BRT
system has according to these guidelines several important factors and some of these
are presented below to provide an understanding of the concept.

e Infrastructure — BRT has dedicated infrastructure and is separated from other
modes, and the alignment should be as straight as possible.

e Stations — BRT stops are more similar to stations than conventional bus stops.
BRT station standard includes weather protection, sufficient seating space,
proper lighting, real-time information and maps for orientation. Bicycle
amenities are provided as well as bicycle paths connected to the station in
order to encourage biking as a transport mode to the station. Furthermore
pedestrian infrastructure and further transits are integrated with the station
area. The stations is designed in a way that enables the bus to enter the stations
without making side turns, which gives increased comfort and saves time.

e Clear identity — It is important that the BRT has a clear and distinct identity
that helps customers to understand the product and orient themselves in the
system. A successful BRT identity can additionally act as a city attraction
force and thereby add value to the city image.

e Vehicles — Comfortable vehicles with unique design, wide doors, entry in the
same level as the platform, real-time information and preferably low noise
levels, especially at stations.

e Speed and comfort — Priority in intersections as well as straight corridors
allow timesavings and a smooth ride.

e Service — BRT has high frequency and long service hours.

e Ontime —BRT provides high regularity and few delays.

e Payment — Tickets are bought in a way that does not create a bottleneck when
entering and leaving the bus, for instance on the station before boarding the
bus.

CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25 5



BRT Guidelines emphasizes the importance that in order to make a BRT system
attractive a most vital part is to construct the route between important larger
destinations within the city and let it pass several smaller ones such as schools,
residential buildings and super markets on its way (X2AB, 2015), and construct
stations at these locations. Equal amount of passengers in each direction should be
strived for in order to fully maximize the utility and efficiency of the system, and the
route should be placed through housing areas instead of on the side of them. In the
guidelines it is also mentioned that larger roads should be avoided when
implementing BRT since these often are found in the outskirts of cities, with too large
distances to housing areas (X2AB, 2015).

2.2 Bus Rapid Transit on highly trafficked roads

BRT Guidelines refer to BRT as a system where buses run in urban areas, rather than
on highly trafficked roads that many times are located outside dense development.
This report however investigates BRT in the form of BRT on larger roads where
already existing transport corridors are used, in this thesis called Express-BRT,
concerning the suggestions of a network of Express-BRT on the large arterial roads in
Gothenburg. The term Express-BRT is not a recognized standard but an expression
borrowed from the work of GMP 2035, and in this report a way to specify that the
BRT goes on motorways or larger arterial roads. There are no Swedish guidelines
developed to suit especially Express-BRT, although some of the guidelines by X2AB
are applicable to both regular BRT and Express-BRT. There are several international
examples of Express-BRT and a few are provided in the case studies section.

The American Public Transport Authority (APTA) has made recommendations that
are applicable to Express-BRT and in order to gain understanding for how Express-
BRT can be constructed some of the main features of the APTA recommendations are
presented below. These recommendations concern the placement of busway and
stations and the recommendations are therefore considered to be relevant also for
countries with different transportation policies than the US such as Sweden.

APTA (2010) suggests that the running way of Express-BRT can be either separate,
or as a median, shoulder or high occupancy vehicle (HOV) lane of a freeway or
arterial road. A separate arrangement means that the bus operates completely free
from other traffic on its own infrastructure. It is considered that the separate running
way has the best performance when it comes to achieving a high standard of BRT as it
provides travel completely without obstructions and can be fitted suitably to existing
development. It is according to APTA however the most expensive option when
compared to implementing a running way on a freeway or arterial road since it
demands its own infrastructure.

Moreover, it is proposed by APTA (2010) that the median running way on a freeway
or large arterial road is a space efficient option since these roads usually have an
existing median barrier and therefore the need for widening the road can be somewhat
smaller. If the station is placed in the middle of the running way, only one platform is
needed for both directions. The median running way demands a rather sophisticated
station setup where the passengers can get to and from the station in a safe and
comfortable way. Further this option can be considered rather visible and clear for the
road users, which strengthens the BRT brand.

6 CHALMERS, Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25



The right-side shoulder of a freeway is also a possible setup for Express-BRT.
According to APTA (2010) this typically has lower costs for investment since it is
based on utilizing an already existing lane. A potential issue with busways on
shoulders is that when a vehicle needs to use the shoulder for an emergency stop, the
bus will have to enter the adjacent general traffic. Additionally the buses have to share
road space with vehicles that are leaving or entering the freeway, which compromise
the free flow of the BRT bus. Shoulder running ways on arterial roads can lead to
significant disturbances if the shoulder is used by other vehicles.

It is additionally suggested by APTA (2010) that the running way can be placed on
HOV lanes, where the lane is dedicated for buses and car pools, yet this is
problematic when the bus needs to enter and exit the lane in mixed traffic in order to
make stops, and an additional challenge is that the bus becomes mixed with other
vehicles on the actual HOV lane. Using already existing HOV lanes can be space
efficient if there is capacity available for the BRT, which then leads to a lesser need
for widening of the road.

CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25 7



3 Further information regarding research questions

This chapter provides information on transit oriented development and preconditions
concerning air quality, noise levels and traffic safety. Furthermore features of BRT
and LRT are described.

3.1 Stations aspects

The following chapters describe features concerning air quality, noise levels and
traffic safety, and why these are important to consider when it comes to Express-BRT.

3.1.1 Air quality

Road traffic is one of the main contributors to poor air quality in cities. Pollution from
traffic consists of several substances such as nitrogen oxides, sulfur oxides,
hydrocarbons, carbon monoxide, ground leveled ozone and particular matter. Air
polluted from traffic has negative health effects for humans and can cause lung
disease, cardio-vascular disease and cancer. For instance, particles from road traffic
that mainly originate from wear of tires and road surface, combustion, and fine
particles on the road, are estimated to cause thousands of early deaths in Sweden
every year according Trafikverket (2016a). Further it is stated that nitrogen dioxide
often is used as an indicator of how the air quality is, since other pollution and
foremost fine particles have a correlation with the amount of NO; in the air.

Sweden aims to have a transportation fleet independent of fossil fuel in the year of
2030, which is a step on the way towards reaching a sustainable and resource efficient
energy provision in the year of 2050 with no net emissions of greenhouse gases
(Miljé- och energidepartementet, 2008). This is suggested to happen with a change
towards renewable fuel such as hybrids and electrically driven vehicles. A fossil free
transportation fleet will affect traffic related local air pollution depending on what fuel
is used. If combustion engines are used with biofuel, there will still be emissions from
combustion meanwhile non-combustion engines such as electric lead to zero emission
for propelling the vehicle although emissions can occur when producing the
electricity. This means that traffic related air pollution would improve in general if the
transportation fleet becomes fossil fuel free. However there will still be local air
pollution in form of particles since these are primarily dependent of the contact
between tires and road surface.

3.1.2 Noise levels

Noise can cause health problems such as hearing disorders, heart diseases and
sleeping disturbances. It is approximated to cause a total loss of 1-1.6 million
disability adjusted life years® (WHO, 2016) in high income European countries, which
is a measure used to calculate number of healthy years lost due to illness. In Sweden
noise should be restricted to 45 dB(A) in transit terminals (Boverket, 2011), and since
Express-BRT will run along heavily trafficked roads and too high levels are assumed
to decrease the overall experience of the Express-BRT for the costumer, the issue of
noise levels is of great importance.

? a standardized measure of healthy years of life lost to illness, disability or early death.
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Since there are goals for having a fossil free transportation fleet in 2030 there will
probably be more hybrids and electrical vehicles in the year of 2035. These vehicles
cause less noise than ordinary combustion driven vehicles, but only until certain
speeds are reached. The difference in noise levels are approximated to vanish above
20-30 km/h for private cars and 50-70 km/h for heavy traffic, since the dominating
source of noise above these speeds are originated from the tires and not the engine
(Eklund et al., 2013), and therefore the issue of noise levels will be important in the
future as well.

There are different possibilities for noise reduction for an Express-BRT station; a
station with noise barriers along the platforms, a station that is closed to some extent,
or a station that is completely closed. A completely closed station with careful design
could reach around 40 dB(A) lower noise levels, while stations not completely closed
could reduce the levels with around 20-25 dB(A), and a station surrounded with noise
barriers could at best reduce levels with 10 dB(A) (Thorsson, 2016).

3.1.3 Traffic safety

According to the zero vision in Sweden no one should get fatally injured or injured
for life in traffic. There is a strong correlation between speed and mortality when it
comes to accidents between cars and pedestrians. The chance for survival is 90% and
20% when the car has a speed of 30 km/h and 50km/h respectively, and speeds around
60 km/h or more cause almost certain fatality (Trafikverket, 2012). 16% of the
seriously injured cyclists and 69% of the killed cyclists between the years of 2007-
2012 were due to collisions with a motor driven vehicle, and the most common
location for accidents between these modes are at crossings (Niska & Eriksson, 2013).
Based on the correlation between speed and fatality it is of great importance to
carefully design the infrastructure on a road with high speed such as Vaster and
Sdderleden.

Bus stops on freeways and larger roads shall be separated from the main road and
constructed as an isolated stop, and grade-separated cyclist and pedestrian paths are
required (Svenska kommunfdrbundet, 2004). Furthermore an isolated stop on a
heavily trafficked road needs to have some sort of fence or railing towards the road to
prevent pedestrians from walking into the traffic (Vagverket, 2010). Furthermore
Duduta et al. (2015) states that the largest number of accidents in BRT systems occur
on major transfer stations, which is explained to be due to the large number of vehicle
and pedestrian traffic, and in order to minimize accidents the passengers should be
offered direct routes or transfer between routes on the same platform. The drawback
with this scheme is however that it requires a lot of space.

3.2 Transit Oriented Development

Transit oriented development (TOD) is a concept that concerns integration of public
transportation and the built environment, emphasizing the importance of for instance
mixed development, density, distance to stations and having the development along
public transportation corridors.

During the previous century bus systems were generally popular but not very thought
through and were many times constructed due to the fact that planners did not want to
plan for public transportation (Stojanovski, 2013a). This had to do with the flexibility
of the bus, it could go wherever and therefore planning was seen as unnecessary, and

CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25 9



the bus is still today many times considered a pre-face for introducing light rail, which
iIs further discussed in chapter 3.3. This flexibility to some extent makes the bus
unclear and more difficult to use compared to light rail transit (Stojanovski &
Kottenhoff, 2013). There is however a need for planning for all types of public
transport and it should be integrated in the master- and local plans, so that for instance
new buildings and other services are developed in contact with development of
public transport and vice versa. This way of thinking is referred to as transit oriented
development which can be defined as a policy to synchronize urban and regional
planning and development with public transportation, hence where the development
of a city has taken certain consideration towards public transport systems
(Stojanovski, 2013a). Implementation of BRT in Swedish cities is according to the
same report a challenge, mainly due to the scattered centers within cities, urban
sprawl and the large difference in travel time between public transport and the
automobile, and the concept of TOD should be used in order to increase the chances
of successful BTR implementation.

TOD originates from North America and was established by architect Peter Calthorpe
in the beginning of the nineties (Calthorpe Associates, 2015). In Europe the similar
concept of compact cities has long been used. This involves accomplishing higher
density and diversity within areas and switching the demand for use of private cars
towards a public transport system, ideas that are vital in TOD as well. In order to
accomplish TOD and compact cities, integrated and intermodal transport systems are
important factors (Stojanovski, 2013b), and having a bus station closer than a parking
lot (Stojanovski & Kottenhoff, 2013). Areas with increased density and diversity is
thought to result in more people living close to services and job places which helps
create a sustainable city and reduce the need for cars. The diverse development is
further beneficial to achieve even passenger flows in both directions, reducing
overloaded buses in one direction and empty in the other direction. In the work of
GMP 2035 it is stated that the development of public transport in Gothenburg should
be connected to the development of the city in terms of for example connecting parts
of the city that does not have public transport today, which will increase the
accessibility to housing areas, work places, services and education (Vastra
Gotalandsregionen, 2016).

TOD is categorized in three different steps by Stojanovski and Kottenhoff (2013),
where the first one include planning for TOD in masterplans, adapting the
development of society towards TOD and for instance marketing its image for the
public. The second step involves increasing the density in the already existing
development and adapting already existing infrastructure towards a more public
transport friendly use such as introducing dedicated bus lanes. The final step has to do
with new investment such as constructing bus ways, new buildings and if needed
demolishing buildings in favor for busways. Ideally BRT is implemented and urban
development follows as a natural consequence, but in cities that are not growing
rapidly houses and BRT should be built gradually in order to meet demands of
sufficient density for a BRT service (Stojanovski, 2016).

Stojanovski and Kottenhoff (2013) further describes that different kinds of services
should be established in line of sight from stations, and that the routes should be
located straight through the development and not on the side since this will increase
the travel time. The report concluded that in Karlstad areas with schools, health care
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buildings and commercial buildings generate more trips taken by public transport, and
it is stated that a mixture of residential buildings and workplaces should be strived for.
Out of the people who reside in the area 66% should be people living there and 33%
should be people working.

The willingness to walk to transit differ somewhat according to different sources,
however the distance is somewhere around 400 meters (Zhao et al., 2003), but in
Europe people tend to be willing to walk a bit longer distances and the faster the
service is the further people are willing to walk (Walker, 2016). When it comes to the
willingness to travel by bike the maximum distance is approximated to be between 5-
10 km (Trivector, 2012). Jorge Gill (2016) looked into common distances for which
different modes were used in the Dutch city region of Randstad, which can be seen in
Figure 2. As can be seen the bike is used mostly at distances around 1 km. If there are
barriers like for example freeways, train tracks and so on the willingness to walk to
transit is however likely reduced.

Modes distance density

— Walk
‘ Bicycle
— Car
Local transit
- Rail

15

10

Density
\

0

100 500 1000 5000 10000 50000

Distance in metres

Figure 2: Distances people in Randstad, the Netherlands, tend to be willing to travel by the different modes
(Gil, 2016).

In order to have a successful public transport system many citizens need to have the
same travel demand at the same time (Stojanovski & Kottenhoff, 2013). The same
report mentions 6 000 residents and workplaces in a radius of 500 meters along a 5
km long BRT-route as suitable for a timetable of 10 minutes in Vastra Gotalands lan.
In Canada and USA cities with a total urban population of above 750 000 inhabitants
are seen as suitable in order to have a successful BRT-system (Transportation
research board, 2003). However Stojanovski and Kottenhoff (2013) mention
examples of BRT in the US where the population is a lot smaller, down to 150 000.

3.3 BRT versus LRT

Important features of light rail transit systems that a BRT system should contain are
smooth alignment, stations with high accessibility, distinctive identity, priority in
intersections and separation from other modes (X2AB, 2015). The same report
mentions that having these features fulfilled in a BRT system would enable a switch
from BRT to LRT in the future, should the ridership increase. The idea of preferring
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LRT over BRT can be seen in the GMP 2035 vision where two lines are to be
constructed in a way that enables future transformation from BRT to LRT, and also in
the discussion of what system should be implemented on Dag Hammarskjoldsleden.
There is however no discussion concerning this on Vaster and Soderleden, but since
this way of thinking occurs features of the modes and reasons for differentiated
preferences are described below.

Hensher et al. (2008) questions the idea that public transportation should evolve from
being bus-based in mixed traffic towards becoming a rail system. He argues that
BRT-systems such as Bogota with ridership of up to 35 000 trips in the main corridor
per hour and direction during peak hour, compared to a heavily trafficked rail line in
Sydney which at that time had 14 000 trips per hour and direction shows that BRT can
outperform rail based systems. He also concludes that BRT systems are more likely to
become a success in places where bus is a good experience compared to where it is a
bad experience.

LRT is generally considered to exhaust less greenhouse gases, but this has to do with
what type of fuel a BRT were to have. Furthermore the energy demand of the two
types can be quite similar due to the energy consuming construction process of light
rail, but the operating costs are larger for LRT, and Table 2 further describes
important features of BRT and LRT according to a report made by WSP (2011) where
the advantages of choosing a bus based public transport is described.

Table 2: Capacity and investment cost for BRT and LRT in Sweden. The capacity is based on people both
standing and sitting. The different investment costs for light rail has to do with the different preconditions
that can occur.

Type LRT BRT
Capacity [passengers/vehicle] 180 165
Capacity [passengers/vehicle and hour] 5400-5500 5000
Investment cost [MSEK/km] 101-483 61

The capacity for BRT is based on the capacity of bi-articulated buses in Gothenburg
running for example route 16, and the capacity per hour is based on a time table of
two minutes (WSP, 2011). The numbers for capacity of standard LRT in Gothenburg
is somewhat higher than the table states with up to 234 passengers/vehicle (Goteborgs
Sparvégar, 2016), and in Lund there are trams with 250 passengers/vehicle
(Bengtsson & Stromberg, 2012). The capacity of the bi-articulated buses includes
people both standing and sitting, and there is a recommendation of maximum 70 km/h
when there are standing passengers in buses (VGR, 2016), which leads to an issue on
larger arterial roads where the speed is higher.

According to WSP (2011) the capacity gained by each million invested are
approximately 45% higher for BRT compared to LRT, and there are no differences in
travel time between the two modes as long as they are given the same preconditions
concerning distance between stations, priority and separation from other modes.
Furthermore the rail bonus® is brought up which is a rather uncertain matter that has to
do with people preferring LRT over buses with similar standard. It is discussed that
the political view seem to be more positive towards LRT than bus based

% Sve: Sparfaktorn
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transportation systems in Sweden, and that there appears to be more positive feelings
towards financing the more expensive LRT systems than BTR systems.

In a study made by Ohnmacht (2012), 74% of respondents preferred trams over
buses®*, and the most common reason for this had to do with the reliability that springs
from the right of way trams have, while environmental aspects® were the second most
important attribute. Furthermore the most common reason for preferring bus was
having positive feelings towards the mode, which is categorized as a physiological
attribute. The second most important reason for choosing a bus had to do with seating
and the space in the bus, while this attribute were found on fifth place when it came to
those preferring trams. Ohnmacht concluded that the main reasons for preferring
trams were more objective and rational than the reasons for preferring bus, which
were psychological, social and emotional to a larger extent.

* Trams and buses had the same availability and timetable in this study.
® Environmental aspects are defined as environmentally friendly, no exhaust, less noisy, less energy
consumption (Ohnmacht, 2012).
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4 The study area of VVaster and Stderleden

The road E6.20 is a ring road in the western part of Gothenburg which goes from
Madlndal via Vastra Frolunda to Angered and passes Gnistangstunneln,
Alvsborgsbron, Tuve and Angeredsbron. The road that is of interest in this thesis is
the part between MdéIndal and Vastra Frolunda which is called Séderleden and a short
segment of Vasterleden from Vastra Frélunda to Frélunda Torg which is next to
Tynneredsmotet, see Figure 3.

xxxxxx

Figure 3: Map from Google aps displayng the stretch and its surrounding.
E6.20 is a primary road of national interest, and is owned by the Traffic
Administration. It is a designated road for transportation of hazardous goods and is an
important corridor for freight transports to and from the harbor of Gothenburg and the
industries on the island of Hisingen (Structor Mark Géteborg AB, 2015a). The area
surrounding Soderleden is called Féassbergsdalen, which is divided between the
municipalities of Gothenburg and Mdélndal. The investigated stretch is used by
commuters and people with destinations such as housing areas and different kinds of
services that are situated in the surrounding areas, and according to analysis made in
the master plan for Féssbergsdalen about 60 % of the cars passing the border between
Madlndal and Gothenburg has origin or destination along the stretch of Véster and
Soderleden (Stadsbyggnadskontoren Mdlndal och Géteborg, 2012).

Sdderleden has capacity issues where traffic jams sometimes occur during peak hours
on several locations (Structor Mark Goteborg AB, 2015a), therefore new lanes in both
directions between Sisjomotet and Fassbergsmotet, and in the eastern direction
between Féssbergsmotet and Abromotet will be constructed sometime between 2017
and 2019 alongside new acceleration and exit lanes on Sisjomotet. The design of this
construction is based on a prognosis of expected traffic flow of the year of 2020, and
one aim of the project is to benefit development of new and attractive housing- and
working areas with proper public transportation facilities. It will be a first step
towards reaching higher capacities where the future goal is to have three lanes in each
direction on Véster and Soderleden, but since the accessibility during construction of
such lanes all along the road would become too poor the upgradation is divided into
steps (Structor Mark Goteborg AB, 2015a).
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4.1 Road data, noise levels and air quality

The road is on average 24 meters in width, with two lanes in each direction separated
by railings, see Figure 4, and has a maximum allowed speed of 80 km/h Abra —
Jarnbrott and 70 km/h J&rnbrott — Hisingen (Trafikverket, 2016b). The road had
around 52 000 vehicles/day, with 6% heavy traffic in 2013 and a yearly increase of
4% on average, which can be compared to 1.5-2% in Gothenburg overall, and
predictions indicates a flow of 80 000 vehicles/day by the year of 2020 (Structor Mark
Goteborg AB, 2015a).

Figure 4: The road E6.20 near Jarnbrottsmotet where railings separate the two directions, Google Maps,
2015.

In this thesis, the noise levels on the road were approximated by measurements from
E20 in Partille, where levels on facades placed at about 20 meters from the road has
been measured to around 74 dB(A) equivalents as a daytime mean (Forssén et al.,
2005). The noise level in the median of the road can be approximated to have an
increase of 5-6 dB(A) (Thorsson, 2016), which gives values reaching up to 80 dB(A).
Furthermore there are measurements for up-coming buildings near Vasterleden that
are predicted to have levels up to 65-70 dB(A) (Stadsbyggnadskontoret, 2015) at
approximately 100 meters away from the road. E20 had a total flow of around 36 500
vehicles/day, where heavy traffic was about 9.6 % in 2002, and a speed limit of 90
km/h (Forssén et al., 2005). These values are similar to the conditions on Véster and
Sdderleden and alongside the measurements for the buildings near Vasterleden this
leads to the assumption of values of around 80 dB(A) in the middle of Vaster and
Sdderleden. This indicates that some sort of noise reducing construction must be
performed on stations located on Véster and SAderleden in order to meet the level of
45 dB(A) for a transit terminal.

At the environmental website of city of Gothenburg information regarding the air
quality in the city is provided. It is stated that Gothenburg is a highly trafficked city
and the motorways and large arterial roads is where the air quality is the poorest in the
city. NO; is the pollutant that Gothenburg has most problems with and it is used as an
indicator of air quality. (Goteborgs Stad, n.d.a) A map over mean daily values of NO,
for Gothenburg is presented in Figure 5, where Vaster and Séderleden is marked with
acircle. As can be seen the levels exceed the national limits of 60 ug/m?
(Naturvardsverket, 2015). Furthermore, is it is presented that during late winter and
spring the particle concentration around the roads, mainly due to tires against the road
surface and sand, can be so high that it might be dangerous to the health (Géteborgs
Stad, n.d.b).
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Figure 5. Pollution map over Gothenburg with Véaster and Séderleden marked with a circle (Goteborgs
Stad, n.d.c).

4.2 The built environment

The road consists of several grade separated junctions, see Figure 6 for information of
the different names and distances compared to the center of Mdlndal. These junctions
have bridge pillars in the median of the road.
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Tynneredsmotet Frolundamotet Jarnbrottsmotet Sisjomotet Fassbegsmotet
7.3 km 6.4 km 5.6 km 4.3 km 2.3 km

Abromotet

Figure 6: Name of junctions along the studied stretch and their distance to the center of MéIndal.

Féassbergsdalen is a business oriented area and holds 24 000 job opportunities, and the
job opportunities are predicted to increase with between 4 500 to 9 000 to the year of
2025, while the activities are transforming from being dominated by industries
towards becoming more service, logistic and business oriented
(Stadsbyggnadskontoren Mdlndal och Goéteborg, 2012). According to the master plan
there are plans for transforming the area towards becoming more diverse, with both
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services and living areas, and in line with this new residential buildings are planned in
areas such as Sisjon, Frolunda, Aby and the northern parts of Hogsbo. Today there are
housing areas in Eklanda, Aby, Kobbegarden, Pilegérden, Sisjon, Balltorp and the
central parts of MolIndal with near access to services and jobs in the area.

There are bus lanes on parts of Vésterleden and the stretch between Jarnbrottsmotet
and Linnéplatsen, but not on Soderleden. Light rail connects the central parts of
Gothenburg to Frélunda Torg, as well as the central parts of MéIndal, and buses run
between Linnéplatsen and S&rd as well as on Vaster and Soderleden from Mdélndal to
Hisingen, see Figure 7. In total three light rail routes and 15 bus routes ascend
Frolunda Torg, which contains residential buildings and a large shopping center with
a record of 67 300 visitors per day in 2013 (Frolunda Torg, n.d.). Vésterleden passes
the shopping center and the bus station about a hundred meters away. The station has
a building containing a waiting hall with a café and public toilets, and parking
facilities are in near access.
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Fig'l-u:e- 7: Public trén,épbrt in Fassbergsdalen and its surroundings (Stadsbyggnadskontoren Mdlndal och
Goteborg, 2012).

The area surrounding Jarnbrott is not dense, with fields of grass, trees and water, and
according to the master plan for Fassbergsdalen (Stadsbyggnadskontoren Mdélndal och
Goteborg, 2012) there are no plans for densification. The distance between Jarnbrott
and the outermost part of Pilegdrden, which is the junction’s nearest housing area, is
around 300 meters (Eniro, 2016). Other housing areas are located more than 500
meters away. And there is a service area about 200 meters in the north-eastern
direction, measured from the middle of the junction. The area had 8600° inhabitants in
2009 (WSP, 2009), although this area does not have the same boundaries as the area
that holds 24 000 job opportunities, see Figure 8. For example the housing areas of
Kobbegarden and Pilegarden are not included within the red box, leading to lower
residential values. Jarnbrott is classified as an important transfer station (Vastra
Gotalandsregionen, 2016) were traffic from the southern parts of Gothenburg is
connected to traffic on Vé&ster and Soderleden and Dag Hammarskjoldsleden. There
are in total three stations that are classified as such important transfer stations and
they have in common that there probably not will be any urban development
connected to the stations in the time horizon of GMP 2035.

® This area is 10 km?and defined as Hogsbo/Sisjon, the western part of Mélndals city centre, Abro,
Aby and Eklanda.
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Figure 8: The yellow box describes the areé that hols 24 000 job opportunities, hiIe the red one describes
the area that holds 8600 residents (Stadsbyggnadskontoren Mélndal och Géteborg, 2012) and (WSP, 2009).

The cycling infrastructure in the area can be seen in Figure 9. There is a tunnel for
pedestrians and cyclists under Soderleden in-between Kobbegardsvagen and
Sisjovagen, a pedestrian bridge near Abyvégen, a tunnel under Jarnbrottsmotet and
two bridges on either side of Frolundamotet. The northernmost of the two bridges
connects Frélunda Torg with housing areas on the other side of Vésterleden. It is not
prohibited to walk or cycle on Vaster and Soderleden, but since there are local paths
the road is free from these types of modes (Structor Mark Géteborg AB, 2015b).

Figure 9: Cycle paths in the area, marked in red, and parking facilities for cycles ET'rafikverket,
Trafikkontoret, Vasttrafik, 2016).

18 CHALMERS, Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25



5 Global examples of BRT

Three examples of BRT are presented in this chapter; Istanbul, Curitiba and Ottawa.

5.1 Case study: Istanbul

Istanbul is the largest city in Turkey and the fifth largest in the world in terms of
population, located on both the European side and the Asian side of the country and
was estimated to have 14.2 million residents in 2014 (World Population Review,
2015). According to the transport authority Istanbul Electric Tram and Tunnel
Enterprises, IETT (n.d), the public transport system in the city consists of metro, rail
and tramway, conventional buses, BRT, minibuses and taxi.

Istanbul has a BRT system on the D100 freeway that goes through the city and serves
as an important transport corridor for Turkey. Its name is Metrobdis and it operated for
the first time in 2007. Since then the system has expanded and been built in totally 4
phases, consisting of 45 stations on a 52 kilometer stretch exclusively on the freeway.
Istanbul suffers from traffic congestion, which was one of the main reasons for
implementing the system. In 2005 the first phase of Metrobdis was initiated on the
most congested stretch of the freeway, and operation started two years later. In 2008,
2009 and 2011 the remaining phases started construction, and it is considered that the
system was planned and built rather fast. The main part of Metrobus, with 38 stations,
iIs placed on the European side of Istanbul. (Yazici et al., 2013)

It is presented on the website of IETT (n.d.) that the daily ridership is 800 000
passengers and that Metrobiis’ share of Istanbul’s public transportation is around 8,3
%. Metrobus is operating at full capacity in peak hours, and is estimated to carry 30
000 people per hour and direction in its most loaded segments (IETT, 2012). Its
average operating speed of 40 km/h is comparatively high, where many BRT systems
have speeds in the range of 14 to 40 km/h (Carrigan et al., 2013). The high speed and
ridership figures has made Metrobis to be considered a successful BRT system in
Turkey and also internationally. Figure 10 below shows a schematic figure over the
public transport network in Istanbul where Metrobs is marked in beige color.
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Figure 10. Schematic figure over Istanbul’s public transport network with Metrobiis BRT marked in beige
color. (Dorrbecker, 2015)

Yazici et al. (2013) conclude with data from IETT that the main socio-economic
groups that use Metrobds are low and middle-income people and the majority of the
trips are made for commuting to school or work. Through additional data of IETT it is
stated that a Metroblis costumer saves in average 63% in travel time, and based on a
survey it was shown that the time gain was the most important factor when the
costumers choose to use Metrobus. Additionally it is stated that the majority of the
costumers reach Metrobs stations by foot, followed by minibuses and conventional
IETT buses.

5.1.1 Stations and running way

Metrobis has a median running way configuration and its placement on a freeway,
without interference from other traffic and with straight alignment, is one of the
reasons that it can reach such high speed. There is only one lane in each direction,
which leads to no space for overtaking without entering the opposite traffic lane.
According to Yice (2013) the lack of additional lanes is mainly due to the importance
of the D100 freeway, which Metrobiis was competing with to get space. The stations
are placed in a central position in the busway and the buses drive in opposite direction
of the regular traffic flow, leaving the bus doors placed on the right hand side of the
bus (Yurdagul & Gergek, 2013). A photo of this can be seen below in Figure 11.
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Figure 11. Photo over Mecidiyekdy station. It shows how the busway is located in the middle of the freeway
and how the station is placed centered in the busway, with buses driving in opposite direction of regular
traffic. (Chumwa, 2012)

In their report, Yurdagiil & Gergek (2013) further describes Istanbul’s BRT. The
stations are placed with a rather high average distance of around 1200 meters, which
is an additional fact that enhances the speed performance of the system. The stations
vary somewhat in standard, and the average station is not designed as a full shelter,
instead it has a design that is rather open to the surroundings, and examples of this can
be seen in both in Figure 11 and additionally from the street view in Figure 12. This
means that costumers are exposed directly to the noise of the freeway and the same
goes for air quality. Due to the BRT’s placement in the middle of the freeway there
are overpasses and underpasses in order for the costumers to reach the stations by
walking. The overpasses are also open and lack shelter for the costumers, and the
configuration can partly be seen in Figure 12 below.
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Figure 12. Photo from Google Maps 2015, illuastrating a station with overpasses.

Embarq Turkey through Ghasemlou et al. (2014) made an inventory in 2014 about
challenges of Metrobiis. Since Metrobis opened in 2007 it has been under on-going
modernization to reach higher standard and safety. This includes for instance
widening of station platforms, upgrading overpasses, providing more extensive
fencing and creating better pedestrian infrastructure. There are issues on a systematic
level that have occurred that are connected to the station and running way
configuration of Metrobis. These are mainly crowding at stations and accidents with
people making shortcuts over the freeway to reach the station area.

Crowding in stations happen during peak hours, due to overloading of costumers, and
also during system failures such as a vehicle breakdown or an accident. Since there is
no room for buses to perform overtakes without risking colliding with opposite buses,
any type of happening has a significant risk of creating a bottleneck. When stations
are overloaded with costumers, people get pushed or walk voluntarily onto the actual
running way, which imposes a great safety risk. To try to ease the crowing situations
and create more order, separate boarding and alighting has been conducted in some
stations. This however has not been enough to solve this issue. (Ghasemlou et al.,
2014)

The second issue that has been a problem since Metrobiis opened is that people enter
the actual freeway in order to make shortcuts to reach the Metrobds station without
using the dedicated overpasses or underpasses. This is a major safety problem since
the system is surrounded by a freeway with vehicles in speed thereafter, leading to a
situation where severe as well as fatal injuries occur. Since stations of Metrobs are
open in relation to their surrounding area, they can be reached by its endpoint or its
sides if a person decides to cross the freeway to enter it. There are fences in varying
extents surrounding the station areas to prevent this from happening, but they are not
high enough nor cover a stretch that is long enough in order for people to stop
entering the freeway. (Ghasemlou et al., 2014)

5.1.2 Transit Oriented Development

The Metrobiis stations in the middle of D100 freeway are in many cases located with
significant distance from housing development (Stojanovski & Kottenhoff, 2013).
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Figure 13 shows a picture of a housing area that is under development, taken from the
D100 freeway where Metrobus runs.

Figure 13. Picture taken from the D100 freeway where Metrobis goes. A housing area can be seen within a
distance from the transport corridor. (Stojanovski, 2012)

As mentioned previously, the implementation of Metrobis can be considered rather
urgent. According to Yice (2013) this can be noticed in the fact that no consideration
was taken to the master plan of urban development in the city. There actually was an
urban master plan being developed at the same time, but this was not integrated with
the planning of Metrobls. This is seen in lack of transit oriented development of the
Metrobus system. Yice further states that there also was a central plan for the city
transportation being made around the same time period, but neither this was included
when it came to the development of Metrobis. The lack of collaboration between the
transportation plan and Metrobus can for instance be seen in insufficient integration
between Metrobus and metro and tram stops. The development of station
surroundings varies in the Metrobiis system. There are stations, mostly on the
European side, that are integrated with development such as schools and shopping
centers. In these cases, the development was there before the Metrobus stations were
built (Yuce, 2013).

It is furthermore stated by Yice (2013) that the urgent decision-making of Metrobis
can be seen in for instance that stations were being added to the BRT shortly after
opening due to the passenger demand being too high for the system to handle. It is
reasonable to assume that this could have been avoided with more careful planning
and for instance more lanes. Metrobiis was barely developed for the at-the-time
existing transportation demand without consideration taken to future urban and
transportation development, and this could be one of the reasons why Metrobiis
operated at full capacity early on.
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5.1.2.1 Accessibility features

The accessibility regarding connection to other transport options varies across the
Metrobus stations. According to Yce (2013) the stations are connected to regular
IETT buses and minibuses, and some stations are also connected to light rail systems
and the city subway. However in many station areas there is insufficient integration
between the different modes, which has resulted in long walks of up to 450 meters
when making transfers from Metrobus to another transport option.

It is stated by Ghasemlou et al. (2014) that facilities for pedestrians are not fully
developed in the Metrobs system. There are too few pedestrian paths and few of
them connect the Metrobus system. The pedestrian infrastructure that do exist have
poor standard with for instance lack of railings and bad maintenance of surface
resulting in rough paths. There also needs to be pavement upgrading at the areas
where minibuses and regular buses stop next to the stations so that people can walk
safe and comfortable to and from Metrobiis’ over and underpasses. It is further stated
that pedestrian infrastructure is neglected in large parts of Istanbul.

When it comes to cycling amenities, Metrobis does not provide enough to obtain
sufficient accessibility. According to World BRT (2012) there is no dedicated cycling
infrastructure along the Metrobds corridor and further there are no possibilities for
cycle sharing or cycle parking. This makes it difficult to use cycle to and from
Metrobus, and it overall appears that non-motorized trips have been neglected in the
system.

5.1.3 Analysis Metrobus

From the literature study of Metrobus, it is noted that the system is high performing
with impressive numbers of ridership, time savings and speed. Nevertheless, there are
also weaknesses in the system.

As noted the accessibility of Metrobus is a shortcoming, party caused by poor
pedestrian infrastructure and lack of cycle amenities. The same goes for integration
and connections with other parts of the public transport system. Long walking
distances of up to 450 meters for interchanging cannot be considered successful
integration of the different modes in the public transport network. In a Swedish
context, the accessibility features of Metrobiis would not be sufficient and they can be
considered to prevent development of non-motorized transport. Metrobiis have a high
share of people walking to and from the system despite poor pedestrian infrastructure,
but this should not be assumed for Sweden if conditions concerning pedestrian
infrastructure were similar.

The station setup of Metrobus can be considered space and economically efficient and
it markets the system due to the distinct placement in the middle of a freeway. One of
the main drawbacks with the Metrobus stations is that people enter the running way as
the stations get overcrowded. Overloading can occur from the fact that the system was
not dimensioned to meet the actual demand, or from poor design, where a possible
solution could be to have a limit of how many people that are allowed to enter the
platform. More frequent service would reduce the overloading of people, however
Metrobus already operates at full capacity in peak hours. Larger stations would only
solve some of the space problematic, but it is understood that additional lanes would
significantly improve the situation. It would give buses the chance to overtake at
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stations and reduce dwelling time while waiting for other buses, and also enable
overtakes during the trip if there is a breakdown or some failure causing a bottleneck.

Metrobds was not allowed more lanes due to importance of the D100 freeway. The
importance of lanes for overtakes when competing for space is a lesson to be learned
from Metrobis which can be applied to other BRT projects. Yet it is not clear how
important additional lanes are in systems that have a significantly lower degree of
users, presumably the case in Gothenburg. It is important to analyze whether there is a
need for additional lanes even for systems that have low ridership, as for instance bus
break down and bad weather conditions can cause bottlenecks that demands
overtakes.

Regarding transit oriented development Metrobis performs rather poorly. The fact
that it was developed during the same time as an urban as well as a transportation
master plan, yet planned isolated from these, can be considered an example of
inadequate planning. This cannot be seen in poor ridership of Metrobds, but the total
travel times and possibilities to make other activities in connection to the trip are
likely negatively affected. Metrobus solves the task of getting people fast from station
A to station B, however it lacks essential features of transit oriented development,
which should be recognized as a shortcoming of the system.

When considering the success of Metrobdis in terms of its high ridership and capacity,
the way it was implemented and also the socio-economic terms of its users could be
contemplated. As mentioned, Metrobis was implemented to serve an existing traffic
situation with no room for growth with the consequence that it was used at full
capacity from start. Further, the users are mainly low and middle class, which is
something that should be considered if looking at implementing a similar system in a
country like Sweden where many people afford to avoid using public transport if it
does not correspond to their preferences. If the low and middle class residents of
Istanbul were to increase their income and their demand of standard, the shortcomings
of Metrobiis could have a larger impact on the costumers’ transport choices.
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5.2 Case study: Curitiba

Curitiba is a city located in the south of Brazil, it is the seventh largest city in the
country and was estimated to have around 1.8 million residents in 2007 (City of
Curitiba, n.d.). The bus system in Curitiba is the core of the transport system in the
city and one of the most famous BRT systems is the world. It is called Rede Integrada
de Transporte, RIT, which is Portuguese and stands for integrated transit network.
RIT is often recognized as a success story due to its iconic model of mass transit
integrated with urban development.

In the report Curitiba, the cradle of Bus Rapid Transit, Lindau et al. (2010a) provides
a description of the Curitiba BRT system. It is explained that RIT was not developed
as a full BRT system from start; the foundation of the system was introduced with
separate busways as early as in the 1970s. The system further evolved with BRT
characteristics in the 1980s, such as tube shaped stations with leveled boarding and
alighting, prepayment and articulated buses. Since then the system has expanded and
advanced and is now classified as to having the highest possible standard of BRT in
its latest implemented corridor.

RIT consists of a network of trunk and feeder services that have been developed
initially from five main structural axes, which can be seen to the left in Figure 14.
The structural axes carry trunk services that are called express lines and direct lines,
where the express lines stop more frequently than the direct lines. The direct lines also
go outside the main structural axes, which can be seen in the right part of Figure 14
where the whole trunk BRT system is illustrated of the year 2005. Additions to the
trunk system are feeder lines that operates as traditional bus services and do not have
priority over regular traffic. (Lindau et al., 2010a)

Curitiba Curitiba

o,
Linhas Expresso Biarticulado Linhas Direta ]

Figure 14. Map over the RIT system with the five main structural axes to the left and the whole trunk
system to the right (Dérrbecker, 2005).
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Lindau et al. (2010a) describes that in 2009 an additional main corridor, which has
been recognized to have excellent BRT standard, started to operate. It is called the
green line and goes only on biofuel, and has a somewhat different configuration from
the five main structural axes. Moreover, a seventh corridor opened in 2014 as a part of
the RIT system, however this one consists of conventional bus service without BRT
standards (BRT Data, n.d.).

The RIT system operates on several different types of roads, which are further
described in the chapter below, with a total length of 83 kilometers and 342 stations
(URBS, 2015). According to the website of BRT Data (n.d.) there is a variation of
operational speed due to differentiated services in the system, ranging from around 18
to 28 km/h. The highest operating speed is for direct services and has been achieved
in the recently opened green line and also in another corridor where extra lanes have
been added for possibilities of overtaking. Moreover, the peak load per hour and
direction in the most loaded segment of the system was measured to 12 500
passengers in the year of 2013. The ridership was estimated in 2015 to be around 800
000 passengers per day (URBS, 2015).

According to the urban development office URBS (2014), the modal split for
transport in the city is 45% for buses, 22% for automobile, and 25% for walking and
cycling. The share of buses can be considered rather high, though the year for which
these figures are valid for is not stated. It is furthermore stated by Pacione (2005) that
Curitiba has been one of the cities in Brazil with the highest car ownership per capita
for a long time. In 2005, it had the second highest share after Brasilia with around one
car per three residents, and at the same time the use of petrol was 30% lower than
comparable cities in Brazil. (Pacione, 2005)

5.2.1 Stations and running way

The structural axes of RIT are mainly built after a system called the trinary road
system, which originally was created in Curitiba (Cervero, 1998). A conceptual figure
of the trinary road system is illustrated in Figure 15. Lindau et al. (2010a) describes
RIT’s trinary road system as a concept of one main boulevard in a central position,
and two parallel streets that are placed with some distance to each side of the main
boulevard. The main boulevard has buses in both directions in the median of the road
and one station for each direction, and it has local traffic adjacent to the busway. On
the main boulevard there is a BRT service that locally is called express buses,
however these have frequent stops as opposed to other definitions of express lines as
rapid service with few stops. The parallel roads, one going to the city and one going
away from the city, have traffic with higher speeds than the main avenue. These roads
carry BRT that operates in higher speed than the express lines and are locally called
direct bus services. (Lindau et al., 2010a).

As can be seen illustrated in Figure 15, characteristics of the built environment is
incorporated in the trinary road system concept, where high density mixed
development is placed close to the main boulevard, and less dense mainly residential
development is positioned farther away from the structural axis.
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Figure 15: A conceptual model over the trinary road system that has been used in Curitiba. The structural
axis can be seen in the middle as a main boulevard, and the parallel roads that go in one direction is
illustrated on the sides. (Lindau et al., 2010b)

Intersections of RIT consist of signalized at-grade intersections. It is presented by the
Inter-American Development Bank (2003) that RIT generally has suffered from
problems with buses having insufficient priority at intersections. Therefore the system
has undergone modernization and optimization of its traffic signaling system, in order
to give buses full priority and make the transit times shorter.

The stations of RIT are well known for their tube-shaped design, which can be seen in
Figure 16, and are accessed through regular pedestrian crossings. The bus doors are
placed on the right-hand side and the buses go in the same direction as regular traffic
(BRT Data, n.d.), leading to a setup where there are two tube stations at each stop,
one for each direction. On the website of BRT Data (n.d.), it is stated that the average
distance between stations approximately is 680 meters, although there is a significant
variation in station distance due to the differentiated services that RIT offers. For
instance the green line has an average of 1700 meters for its direct service and the
most recent feeder corridor has around 250 meters in average.
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Figure 16: A photo over the RIT station Praca Ozoério, where the tube design is illustrated (Morio, 2006).

Cervero (1998) states that in addition to regular stations for just one service, there are
well planned transfer stations with short walking distances, which enhances the
interchanging performance of the system. The transfer stations are located in the
endpoints of the corridors and also in-between on the main boulevard busway, where
several services connect. Express, direct and feeder lines connect to the transfer
stations for integration and possibilities of differentiated trips. (Cervero, 1998) The
tube design of RIT’s stations works as shelter for the costumers while waiting for the
bus since they are a closed glass structure except for the short sides. These open sides
lead to the tube having no significant advantages in terms of noise and air quality. To
achieve levelled-boarding according to BRT standards the stations are elevated as
seen in Figure 16. There are stations that have stairs that costumers need to use to
enter the tube, also shown in Figure 16.

The tube station is considered to represent an iconic value for the city and have been
constructed with the same cylindrical shape since the 1980s. A study of Duduta et al.
(n.d.) presents that a problem that has been noticed with the stations is that they can
pose a safety issue as the doors can be open even though there is no bus coming. In
crowded situations, which do occur in the system especially during peak hours, people
can get pushed and fall out of the elevated station and onto the running way.

5.2.1.1 The green line

As previously mentioned, the trunk corridor called the green line that opened in 2009
has been recognized as a BRT success story. Through City of Curitiba (2010, in
Lindau et al. 2010a) information is held that the green line was implemented on a
former freeway and carries operations for both express and direct services, as opposed
to the regular trinary axes where direct service operates on parallel roads to the main
boulevard. Further it is stated that it is possible to carry these different services and
have higher operational speeds due to the presence of extra lanes and large stations
areas.
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A station setup of the green line can be seen in Figure 17. The station is long enough
to accommodate bi-articulated buses in the middle busway and it takes regular feeder
buses on the outer sides, making the walk for transfer minimal. There is also space to
overtake the bus that has stopped at the station if having a more direct service.

=)

Marechal Floriano at the gfeen line (Ortiz, 2013).

It is further explained by City of Curitiba (2010, in Lindau et al. 2010a) that stations
of the green line have been improved from the original stations, with for instance
sunscreens to protect from heat and rainwater collection that is used for cooling.
There are also cameras that are connected to a control center to enhance security. The
main tube design is however kept as previously. Additional development that is
significant for the green line is that a park for recreational activities has been
constructed along the majority of the corridor, as well as more extensive bicycle
lanes. (City of Curitiba 2010, in Lindau et al. 2010a) These stations do not have steps
for entering, but a ramp with a gentle slope instead, as can be seen in Figure 17.

5.2.2 Transit Oriented Development

In his book The Transit Metropolis: A Global Inquiry, Cervero (1998) addresses how
Curitiba’s BRT system is integrated with transit oriented development and the
following chapter is based on this book.

Cervero states that Curitiba is one of the main international examples of TOD. The
city has grown rapidly since the 1960s, when it had 400 000 residents, till today’s
above 1.8 million. During 1970-1980 it was the fastest growing city in Brazil with
around 4% growth annually. The rapid growth is considered to be the main driver for
Curitiba’s planning of integrated transport and land use.

There were some main principles concerning TOD developed in Curitiba according to

Cervero. The city center was saturated and it was decided that future growth should
be controlled and placed along distinct corridors out from the city core. It was

30 CHALMERS, Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25



considered that land-use planning in combination with transportation investments was
the main way to control and manage spatial growth. The visions of urban form and
features drove the progress in transportation that led to separate busways and the
trinary road system. It is stated that a general focus was put on designing for
movements of people instead of cars, which resulted in priority for pedestrians and
mass transit. In 1965 an urban master plan was conducted that was based on these
principles and it was the start of the mass transit system of Curitiba. Interesting to
note is that most Brazilian cities were being planned for cars during that time.
Moreover, Curitiba has been one of the wealthiest cities in Brazil with a
comparatively high car ownership, yet RIT became a success.

As previously mentioned the trinary road system concept was originally founded in
Curitiba and it is not only the structure of the road system that is the foundation of the
trinary system, but the built environment as a whole. Fundamental factors identified
by Cervero are density along corridors and a mixed pattern of land use. High density
implies a ridership that is large enough to provide frequent services, and a mix of land
use means that trips are made in both directions and thereby empty buses are reduced.
The buildings that are located between the main boulevard and the two parallel roads
are normally high-rise buildings that have commercial activities in the entrance floor
and housing and offices on the floors above. Outside the parallel roads density tapers
off but there are still services and shops in immediate relation to the busway.
Residential areas with lower rise buildings begin to increase the farther away from the
corridor. This type of development has been achieved by different regulations and
policies of building permissions. As an example, permission to build large shopping
centers have been difficult to gain if the center is not placed in close connection to a
structural axis.

Cervero further explains that several years prior to the 1965 urban master plan there
were plans of expanding the road system in the city with rather wide roads for
automobile use. These plans did not make it to realization due to economic reasons
and politics, but the city had already gotten the rights-of-way in several corridors. It
was these right-of-ways that later became used for the trinary road system, and it is
believed that the previous plans of making extensive roads for cars had a fundamental
role of the trinary system being possible to implement.

5.2.2.1 Accessibility features

The careful planning of different services that are integrated at the RIT’s transfer
stations makes the accessibility of interchanges satisfying, and since feeder lines are
well integrated with the structural axes the BRT service becomes available for large
groups of people. The idea of differentiation in the system is further evolved in the
green line where two different services use the same busway which enables people to
choose options that suit their travelling preferences.

City of Curitiba (2013) has adopted a plan for cycling investments with the aim to be
finished in the year of 2016. In the cycling plan, it was decided to construct 300
kilometers of cycling lanes, which is more than double the 127 kilometers that was
present in 2013. It was also decided that cyclists should be given more priority at
intersections and in some places the speed of traffic was significantly reduced so that
cyclist can share the road with automobile users more safely. To enhance cycling
possibilities and make multimodal trips, bike parking was implemented and some of
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them were connected to the RIT stations, however the majority of the stations lack
this type of parking facilities. It was decided that 5% of all parking space should be
devoted to cycles. Furthermore a bike rental system was decided upon, in addition to
the already existing bike sharing system, but it was not stated to what degree it should
be integrated with the RIT.

The cycling plan also includes enhanced mobility measures for pedestrians, with more
pedestrian priority and upgradation of walking infrastructure (City of Curitiba, 2013).
Due to the trinary road system and the overall urban planning, the general situation
for pedestrians in the system can be considered satisfying, which for instance can be
seen in the minimized walking distances to the stations.

5.2.3 Analysis RIT

The success of Curitiba’s RIT can for instance be seen in comparatively high national
car ownership in combination with high modal share for public transport as well as
lower fuel use than the average. Obvious is also the urban attributes that Curitiba
presents, with dense and mixed land-use, pedestrian friendly environment and an
overall people oriented approach. Once the cycling plan is fully implemented the city
will provide more sustainable transportation, yet a shortcoming in the plan is that it
does not have cycle amenities at every station and does not seem to present any
further creative ideas of cycling integrated with RIT.

There are new elements when it comes to the green line, such as technology for
comfort and safety at stations, and more differentiated service with both express and
direct routes on the same busway. This variation of service can be worth
contemplating despite that the green line has gotten great reviews for its standard. It is
understandable that this setup is less space demanding and more efficient when it
comes to sharing station areas, but a corridor that keeps different types of services risk
being less clear and distinct for the costumers, which is an important factor of the
BRT concept.

The integration of different services at some of RIT’s stations is impressive, as people
have such short distances to walk to their exchange. However the safety issues that
occur at stations when doors are opened without a bus parked are worth noticing, as
people can fall out and get hurt, or more dangerously get hit by a bus that is entering
the station. As mentioned, there is a similar situation noted in Istanbul’s Metrobiis.
This issue is especially important when crowding in stations occur and should be
considered when implementing BRT in Swedish contexts, where crowding is
probable to be less of an obstacle, but traffic safety is top priority.

When it comes to design, the stations seem to be accepted as viable options as they
are still being produced in the same tube shaped structure. As mentioned they pose
somewhat as a shelter however they could perform better with a setup of for instance
sliding doors on the short sides. Furthermore the steps needed to enter some of the
stations, which were illustrated in Figure 16, are likely to function as a bottleneck
when many people are to enter or leave the station. This situation is better solved at
the larger stations which have a ramp with a gentle slope instead, such as in the green
line. Hence, the stations are overall iconic in terms of design but they can be
considered having shortcomings that influence the overall standard.
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As explained, the trinary road system has obvious benefits and has made the
successful development of Curitiba possible. It is an extraordinary example of transit
oriented development and therefore an interesting case study for cities that aim to
evolve in this matter. Unfortunately more mature cities that do not grow as rapidly as
Curitiba did when implementing RIT, like most Swedish cities, are probably less
likely to be suitable to take on the planning methods of Curitiba. The trinary road
structure, which was possible due to previous plans and claiming of land, would be
difficult to mimic in Sweden. Yet other features of the concept, such as traditional
TOD principles like density and mixed land use, are more likely to be adoptable in
cities with other preconditions than Curitiba.
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5.3 Case Study: Ottawa

Ottawa is the capital of Canada, located in the state of Ontario and with a population
of 922 000 in 2011 (City of Ottawa, 2013a), which is scattered over a relatively large
area. The city borders to the province of Quebec and the city of Gatineau in the north,
with the Ottawa River keeping them apart. The city have a BRT system running on
the Transitway and the public transport system consist of minibuses, taxis, buses and
a light rail transit (City of Ottawa, 2013a). The buses in Ottawa are of the following
kind, and can be seen in Figure 18 (Al-Dubikhi & Mees, 2010):

e BRT trunk service

e Express services running on the Transitway in peak hours from local areas

e Local feeders providing service from local areas to the Transitway where
passenger have to transfer

e Base service in the downtown of Ottawa
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Figure 18: The bus-based public transport system in Ottawa (Al-Dubikhi & Mees, 2010)

The Transitway was constructed in different stages where the first part was opened in
1983 (Al-Dubikhi & Mees, 2010). In 2014 the peak load of the Transitway was 10
000 passengers per hour and direction and the daily ridership was estimated to

240 000 passengers (OC Transpo, 2016 d). Residents in Ottawa owned 508 000 cars
in 2011 when summarized over the entire city, which corresponds to 84% of the
households owning at least one vehicle (City of Ottawa, 2013a). Ottawa is when
compared to both North American and Australian cities one of the least automobile
dependent cities, and has comparatively high rates of trips taken by public transport,
walking and cycling and is considered a success story of environmental friendly
transport policies (Al-Dubikhi & Mees, 2010).

An important feature of the system is that buses going from local areas are allowed to
use the running way during peak hours and hence are transformed into express routes,
this way transferring between local feeders to BRT is to some extent removed during
these times (Al-Dubikhi & Mees, 2010). It has however become a problem with too
many buses on the Transitway in the central business districts and therefore the
express buses have declined and again been replaced with local feeder to the bus rapid
transit service. During off-peak periods transferring between local feeder and
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Transitway is needed (Al-Dubikhi & Mees, 2010), which is problematic when
traveling from the central parts of the city towards its outer parts since local buses
generally operate less frequently than trunk services.

In the transportation master plan of Ottawa the city has listed a number of goals for
the ridership of the different modes’ by the year of 2031, see Table 3.

Table 3: Population and modal share in 2011 and 2031, based on 24 hours (City of Ottawa, 2013a).

Year 2011 2031
Population 922 000 1135900
Walking 11.0% 10%
Cycling 2.0% 5%
Transit 15.5% 26%
Automobile 71.5% 59%

5.3.1 Stations and running way

The Transitway contains three trunk lines which can be seen with green, purple and
brown lines in Figure 19. The Transitway is operated by OC Transpo and contains 57
stations and 35.4 km of dedicated busway. There are also 4.5 km bus lanes® on arterial
roads and 12.7 km shoulder bus lanes on freeways and most of the transit network is
owned by the city of Ottawa, except the freeways (City of Ottawa, 2013a).
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Figure 19: A schematic map over the public transport system in Ottawa (OC Transpo, 2016 c).

The buses run on right hand side, and signal priority devices and queue jumping are
some of the measures taken to increase the priority of the Transitway at non-grade
separated intersections, (City of Ottawa, 2016d), while grade separated intersections

In the transportation master plan of Ottawa journeys taken as automobile passenger is defined as a sustainable mode, while
an automobile driver is not, the share for these two modes are summarized in Table 1 and categorized as journeys taken by
automobile.

8 ”A roadway lane dedicated for use by public transit vehicles that may be open to mixed traffic at some hours of the day or
days of the week, and that may also be open to other vehicles such as carpools, taxis or bicycles” (City of Ottawa, 2013a).
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can be found on some locations along the stretch. However as the system enters the
central parts, which can be seen in the yellow circle in Figure 19, the buses run on
exclusive bus lanes on arterial roads with signals optimized for buses (Mucsi, 2016).
Traffic jams occur today due to the fact that there is not enough space, and all three
trunk lines convert into one corridor downtown and share the same stops (Walker,
2010). The capacity of the corridor was reached around the year of 2000 and the real
capacity constraint is considered to be a combined impact of signals and the sharing
of bus stops (Mucsi, 2016).

As earlier mentioned in the thesis, it is not unusual that LRT is preferred over BRT
and this is something that can be seen in Ottawa, where a new light rail line called
Confederation line is under construction and will be done in 2018 (City of Ottawa,
2016a). It will replace the BRT from station Tunney’s to Blair Station, ina 2.5 km
tunnel downtown while the rest 10 km will be on street level (City of Ottawa, 2016b).
The aim of the construction is according to City of Ottawa to resolve the traffic jams
that occur downtown today and as is mentioned above there is not enough space to
increase the number of buses so the confederation line is built to increase the capacity
(City of Ottawa, 2016c). Furthermore it is stated that the switch of mode will better
the air quality since the vehicles will be electrified, and encourage a 9% increase in
ridership due to better comfort, reliability and speed, while the operational savings
will land around $16M per year due to greater capacity at a lower unit cost (City of
Ottawa, 2016c¢). Some stations will be moved and constructed in the median of the
freeway (Mucsi, 2016).

The stations have an average distance of 621 meters in between (BRT Data, 2016),
and the design of them differ, however the distance on the larger roads are
significantly longer. Some stations are located as islands with buses accessing both
sides, see Figure 20, while others have the running way passing the station in-between
platforms, see Figure 21. The doors are located on the right hand side of the vehicles,
and overtaking is possible at the stations. Some stations offer proper buildings while
others are of simpler bus stop kind, and the platforms are constructed at a low level
compared to the bus (Mucsi, 2016). Some of these stations are located next to the
freeway with overpasses, see upper right part of Figure 20. These overpasses are
closed and have a red color which is characteristic for the entire Transitway system
and are around 200 meters. They provide a connection for people living on opposite
side of the freeway as they can park their vehicle and pass over the freeway and enter
the Transitway system. The stations have car parking facilities, more common in the
outer parts of the city, and many stations also contain cycle parking. The reason for
placing the BRT in adjacency to the freeway in many North American countries has
to do with space availability, lower cost and ease of implementation rather than good
urban and transportation planning (Mucsi, 2016). The same person states that noise
and air quality have not been considered as major issues at these types of stations
located in near contact of the freeway, but that the station placement cause long
distances for pedestrian which is problematic.
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Figure 20: Picture of the station configuration, the upper leftmost picture is from St Laurent Station (Ortiz,
2014), and the other two are from Place d’Orleans, Google Maps 2015.
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Fiure 21: Station design on Westb

The stations offer transfers to destinations that is not located along the corridors of the
Transitway (OC Transpo, 2016 b). After 9 pm night stops are used in some stations,
which means that all routes are gathered and use the same stop at the station in
question. The night stops are well lit and located in close connection to emergency
call boxes and pay phones (OC Transpo, 2016 a).

5.3.2 Transit Oriented Development

The Transitway stations are situated in near contact with shopping centers or
employment areas (OC Transpo, 2016 c), and Figure 22 shows the location of the
station in comparison with services and residential buildings in the area of Place
d’Orleans, and there are several stations with similar design. The overpasses allow for
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pedestrians to reach the station when they originate from the other side of the
freeway, and this way the barrier effect of the road is reduced.
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Figure 22: Photo from Google Maps illustrating the station in d”Orleans within the blue circle, closely
connected to services within the orange circle. Residential buildings can be seen in the bottom of the picture.

In the transportation master plan (City of Ottawa, 2013a) a lot of effort is put into
increasing the ridership of public transport, by turning the transit system more
attractive by for example increasing the allowed height of the buildings and construct
a dense city with higher buildings closer to the station, and increasing the accessibility
for cyclists and pedestrian to the stations. This means giving cyclists priority in the
surroundings of the station and allowing bikes on-board the vehicles of the transit
system. By increasing the density and diversity in the surroundings of the stations the
city aims to bring the origin and destination of trips closer towards each other and
increase walking and cycling.

5.3.2.1 Accessibility features

The Transitway system contain 14 park-and-ride lots (City of Ottawa, 2013a) and had
20 bike and ride locations in 2013 (City of Ottawa, 2013b), which offer shelter for
around 10-15 bicycles each (Mucsi, 2016) in near contact of the stations. According
to the cycling plan the city will expand these shelters at stations with high demand.
The bike and ride stations are reached by mixed pathways or local streets (City of
Ottawa, 2015). Furthermore from mid-spring to mid-autumn Ottawa has a system for
boarding bikes when travelling with the bus, which is called Rack and Roll where the
bikes are stashed in front of the bus (City of Ottawa, 2015). On the light rail transit
bikes are always allowed (City of Ottawa, 2015) compared to the buses where slightly
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more than half of the fleet (City of Ottawa, 2013b) are equipped with racks, and the
number of spots on each racks is limited to two. The cycling plan brings up building
cycling lanes to transit stations, securing proper parking facilities, and promoting
multimodal travel as important factors that will receive a lot of attention the upcoming
years in order to achieve the goals of increased modal share for cycling for 2031 (City
of Ottawa, 2013b). Some further TOD aspects that are included in planning are no
park and ride locations within the city center, and sidewalks on both sides on streets
located here (City of Ottawa, 2016e).

There has been a decline in ridership during off-peak hours, which to some extent is
analyzed in the assessment made by Al-Dubikhi and Meers (2010). It is mentioned
that the system is designed with regards to peak-hours which brings large station
areas. This is thought to be somewhat problematic during off-peak hours when
transferring is necessary, and people have to walk relatively long distances that
sometimes contain stairs, and this is considered to have an influence on the ridership.

5.3.3 Analysis Transitway

Some of Ottawa’s districts are found on large distance from the city center, larger
than the ones found in Gothenburg, but out of the three examples studied Ottawa has
the most similar population size to Gothenburg. However Ottawa’s goals for modal
shares are very modest compared to Gothenburg’s, and as can be seen when
comparing Table 1 and Table 3, Gothenburg had larger shares for walking, cycling
and transit in 2015 than Ottawa aims for in the year of 2031. Furthermore the goal for
automobile is 59% in 2031 in Ottawa while Gothenburg had 41% in 2015, and the
amount of cars in Ottawa is also a lot larger than in Gothenburg. Based on this Ottawa
is seen as far less sustainable when it comes to transport than Gothenburg and many
Swedish cities, and not as the environmental friendly success story the literature study
stated.

However, the Transitway is overall a well-functioning system, apart from when it
enters the streets downtown. The fact that the system does not perform well here is a
significant problem since it limits the success of the system overall. It can be assumed
that many public transport customers sometimes either start, end or pass through this
bottleneck and therefore many people are affected by this poor design. This shows the
importance of proper dedicated busways throughout the entire system. This issue is
being dealt with by constructing the Confederation Line, which however is something
that could be questioned based on the reasoning that light rail does not necessarily has
to be superior to BRT. It is stated that the Confederation Line will better the air
quality, increase ridership and save money, however these are things that should be
questioned and most likely could have been achieved by a high standard BRT as well.
It is reasonable to assume that the traffic jams could have been resolved by simply
constructing higher BRT standard downtown as well, since that would increase the
reliability of the buses in the same way that the construction of the Confederation
Line aims at.

The simplicity of the BRT-system is a most important feature since it helps customers
to identify and distinguish BRT from regular bus service. The Transitway is rather
flexible in terms of differentiated running ways and stations, as well as containing not
only trunk services but also express routes. This somewhat compromises the
simplicity of the system, which is as previously described an important feature of
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public transport. The fact that the city considered air quality and noise levels as no
great issues of the stations near the freeway such as d’Orleans, Blair and St. Laurent,
is interesting. These are situated on one side of the road and it might become more of
a problem when the Confederation Line is in use with some stations located in the
median of the freeway.

The stations along the freeway are situated on the side which probably is easier to
construct compared to the stations in Istanbul and some of the stations in Curitiba, but
brings longer distances for pedestrians and cyclists as they will have to pass the entire
road when coming to or from locations on opposite side. It also brings longer
distances for the buses traveling on the lanes on the other side of the road. These
buses have to exit and pass over the freeway for loading of passengers at the stations,
and then go back on the freeway which is time consuming. Having stations integrated
with urban development in adjacency to a freeway has turned out rather well on some
locations where large shopping malls were developed. However it can be considered
that there are less possibilities of having the stations close to intensive land use since
the infrastructure in such places takes up much space, and as mentioned it brings
challenges when it comes to having comfortable and accessible pedestrian roads to the
station.

The idea of bringing the bike along on the bus is interesting and might increase the
chances of using a sustainable mode when travelling to the station, but it reduces the
efficiency of a BRT-system as it takes time to load and unload the bike. Furthermore
the number of bikes a bus can take is restricted and therefore it might be difficult to
promote a system that only can be used by a small portion of the customers and
therefore is difficult to rely upon. Furthermore the size of the shelter for the bikes in
the bike and ride system is quite small, and in order to fully offer the possibility to
take the bike to the transit such facilities should be larger.
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6 Suggestions and analysis regarding Express-BRT

on Soderleden

The global BRT examples Istanbul, Curitiba and Ottawa were investigated in order to
gather information and gain knowledge about BRT as well as to examine if there were
ideas and solutions from these examples that could be applied in the case of
Gothenburg. In general, the examples’ station configurations were not considerd to
have a high enough standard to create a successful system if constructed in Sweden,
yet rather high standards of TOD were found. Moreover the idea of replacing BRT
with LRT was found in the case of Ottawa. This analysis aims at bringing together the
knowledge of Express-BRT that was gathered through literature studies and case
studies together with the research questions, with the final purpose of making
suggestions in case of implementation on Vaster and Sdderleden as well as general
recommendations of Express-BRT.

6.1 Station aspects concerning noise levels, air quality and
traffic safety

As mentioned the aspects of noise, air quality and traffic safety have in this thesis
been considered to be of extra importance when implementing a BRT on highly
trafficked roads, and these aspects are analyzed below. Station characteristics are also
further analyzed under the TOD chapter.

As presented in the thesis, Ottawa has not considered noise and air quality a problem,
and no information was found that Istanbul and Curitiba have worked specifically
with prevention of these issues either. Yet the literature study shows that these aspects
are important to recognize and this thesis suggest a fully closed station including
potential overpasses in order to reduce the noise to a level that could be considered
acceptable for a station. In a closed station, ventilation could be installed to improve
the station air quality for instance through air cleaning procedures or through
ventilation pipes that collects air from a distance away where the air is cleaner. The
fact that many emissions will likely decrease to 2035 is taken into account, yet the
aspect of air quality is still assumed to be important due to particles and increased
awareness of costumers. The literature study suggest several possible noise reducing
measures, however to have barriers surrounding the station or a partly closed station
was considered too poor in terms of noise as well as air quality. A closed station
would enhance traffic safety, which is important due to the high speeds, and
something that is noticed as a problem in both Istanbul and Curitiba. The station
should only be open when there is a bus outside, keeping people from entering the
running way and additionally preserving good air quality and reduced noise levels
inside. Furthermore this would prevent people from entering the regular road to make
shortcuts to reach the station, which happens in Istanbul and can be considered a
serious drawback with the BRT’s placement on the freeway. A closed station could be
assumed to have additional benefits in terms of strong branding and comfort, which
also are important features of a BRT system. Furthermore it would provide weather
shelter and possibilities for a comfortable indoor climate, which is a noteworthy
benefit with concern to the Swedish climate.

As stated earlier the station safety issues in Istanbul has partly to do with crowding

and this could be somewhat solved through additional lanes so that buses access the
station more efficiently and can overtake. It is understood that Metrobus was
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competing with space and was not granted more than one lane for each direction due
to the importance of the D100 freeway. This is something that should be taken into
account when contemplating the study area, which also is a road of high importance
with expansion needs and a surrounding area that is to undergo development leading
to higher needs of available space. This could cause conflicts of space and between
the different modes that need to use the road. The need of extra lanes, especially in the
station areas, should be carefully investigated to not make similar mistakes as was
made in Istanbul. As demonstrated in the case study there are large differences
between Gothenburg and Istanbul and the risks of crowding in Gothenburg might be a
lot smaller. However, besides from reducing passenger overloading, extra lanes at
stations provide possibilities for differentiated services and faster operation thanks to
takeover opportunities. If further analysis would show that additional lanes are needed
but not possible to gain as a median configuration on the road, it can be considered if
a fully separate busway is a better option if this means more space. It is furthermore
reasonable to assume that the amount of passengers during night time will be a lot
smaller than during day time, and therefore a setup similar to the one in Ottawa where
all boarding and alighting are gathered to one section of the station during night time
could be worth contemplating. This increases the security since people are gathered
instead of being scattered over the station, but might however not be necessary if the
stations is small.

6.2 Transit Oriented Development

Transit oriented development is considered an important subject in this thesis as the
BRT is suggested to use an already existing transport corridor where the built
environment and features of accessibility normally is less suitable for public transport.

The case studies show a variation of TOD where Curitiba stands out with what can be
considered an example of extraordinary planning. As previously mentioned the RIT
system is considered hard to mimic for a mature city like Gothenburg due to the much
different preconditions like growth, former plans and already existing transportation
systems. Mimicking Curitiba would lead to an unrealistically extensive reformation of
the city. Yet the case study can be used as an example of great implementation of
TOD principles where for instance mixed development and density have been
carefully designed.

The case of Ottawa presents some features that can be discussed when implementing
BRT in Sweden. Carrying cycles in the front of the bus is seen as an unusual way to
improve cycling and through reasoning it becomes apparent that this might cause a
bottleneck due to loading time and insufficient capacity. This would compromise the
BRT standard and it is therefore not considered a solution to bring to Gothenburg.
However the possibility to bring cycles on the bus is something that should be
encouraged, and perhaps cycles could be placed in the bus in a similar way strollers
are today.

As explained in the thesis, the station’s placement on the road is to some degree an
implication of the running way configuration and the case studies show different
setups. Common for all setups is that costumers preferably should be able to reach the
station in a safe way and without walking too long distances. Having the station in the
median, as in Istanbul, or having stations one side, as in Ottawa, leave people to walk
significant distances because they have to cross a barrier, the road, unless they come
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from the same side as the station is located on. This can be considered a general
drawback of BRT on large roads, which has been recognized as an issue in Ottawa. It
is however worth noticing that the drawback with barriers in Express-BRT is also one
of the system’s strengths, as it utilizes an already existing barrier leading to no
creation of a new one.

It could be discussed whether BRT in itself poses as an incentive for development of
the built environment or if it is the other way around. It is ideally preferable to build
infrastructure before development, but due to Gothenburg being a mature city it might
be more feasible to establish infrastructure and urban development more integrated in
time. There can be risks of putting construction of residential and commercial areas
first and when a dense enough development exists construct the BRT, because then
people are already used to using the car.

As is mentioned in chapter 2.1 a BRT should ideally run in the middle of urban
development on smaller roads in order to reduce the distance between public transport
and origin/destination for the customers. This is not the case with a BRT on Véster
and Soderleden. In an ideal case 66% of the people who reside in the area should be
living there, while 33% should be working. From the study of the area it appears that
this ratio is somewhat reversed, with the majority of the development being non-
residential, and therefore far from what TOD principles recommend. This may cause a
large flow in one direction when the majority travels to work in Féssbergsdalen in the
morning, and in the opposite direction in the afternoon, and therefore the system risk
to become inefficient.

The 8600 inhabitants and 24 000 job opportunities in the area plus the goals of
expansion and obtaining a mixed land use may however give a foundation larger than
the 6000 inhabitants and job opportunities given as a demand in chapter 3.2. However
these turned out to be located on a too long distance from the road, for instance in
Jarnbrott, which will be further described in chapter 6.2.2. Given the theories of TOD
and the plans of Express-BRT in Gothenburg, it can be discussed whether there is a
difference in how much TOD matters between regular BRT and Express-BRT. The
Express-BRT investigated in this thesis has a purpose of transporting people fast in a
tangential structure, which is a need that has been identified in the city. It is
understood in literature that for regular BRT there should be a densification around
the whole corridor and this is identified as something that could differ from Express-
BRT since the stations are further apart. Concerning Express-BRT it is assumed that it
could be reasonable to focus the densification on the station areas along Vaster and
Sdderleden in a more radial structure, compared to planning for development along
the whole road if this land is considered unattractive. This would be sensible
considering the noise and air quality along the road. The idea of somewhat
compromising the principles of TOD is further discussed in the Jarnbrott chapter
below.

6.2.1 Frolunda Torg

Since the studied road passes closely to Frélunda Torg the conditions for constructing
a well-functioning station in close access to service and residential buildings are
considered favorable here. There are different possibilities for the location of the
station, it could be placed on the road either in the median or on shoulders, or adjacent
to the already existing bus station, which has a waiting hall and the sort of service a

CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25 43



BRT should have. With a median setup and the station placed in near access to the
already existing bus station the BRT running way would have to make a small detour
which would not be in line with the aspect of a BRT occupying the closest and fastest
way, though it would however connect the BRT with regular public transport and
shorten the walking distance for passengers. If it on the other hand was to be
constructed on the road there would have to be an overpass with proper shelter, for
example with similar design as the one in Ottawa. If the ridership becomes large
enough an overpass with rulling hoops such as the ones in the subway in Stockholm
could be implemented in the future. The space in the area is however restricted and it
may be difficult to fit the station on the road without taking existing lanes from other
traffic. There is also a possibility of having the station underground, which would be
expensive but favorable in terms of space availability.

6.2.2 Jarnbrott

Even though the overall density in Fassbergsdalen might be sufficient there are no
plans for exploitation nearby the actual road or around the junction of Jarnbrott. The
area around Jarnbrott does not appear to have a sufficient density in distances lower
than the 500 meters described as a requirement for transit oriented development. The
distance from the outermost part of Pilegarden is around 300 meter and other housing
areas are more than 500 meters away. Jarnbrott appears to have different conditions
and future plans compared to what it is considered that BRT stations should have.

In the timeframe of GMP 2035 Jarnbrott is only considered a node of transfer,
referred to as an important transfer station, which is something that differs from
conventional TOD theories where the nodes should be well integrated with urban
development. Through reasoning, it is in this thesis considered that Jarnbrott is not an
ideal place for transit oriented development, mainly because residential areas are less
suitable to be close to such heavy traffic. Even so, the area would benefit from basic
infrastructural development such as proper walking and cycling paths for the ones that
do have Jarnbrott as their closest station. As mentioned, residential areas are rather
unsuitable but commercial activities that have lower demands concerning the features
of the close environment could be implemented to obtain a higher density and
attractiveness. It remains unclear whether this way of looking at Jarnbrott is
destructive for the BRT. If Jarnbrott only serves as a transfer node, and there is a
foundation for such transfers, the junction will not be according to BRT and TOD
principles but it might be reasonable anyways due to the nature of the neighborhood.
With this said it is debatable to what degree there should be development made to
support the BRT if an area is considered unsuitable. Through the work of this thesis it
becomes apparent that the concept of BRT on heavily trafficked roads is more
difficult to adapt to TOD principles than regular BRT.

The actual junction in Jarnbrott takes a lot of space since two large roads are
intersecting and to construct a station at this location is therefore a challenge. The idea
of a station in Jarnbrott is to enable transfers between BRT routes on Dag
Hammarskjoldsleden and Soéderleden. This could be made by constructing one station
where all routes meet, and a mutual station would be preferable both in terms of
providing a fast and efficient service. As mentioned previously in chapter 3.1.3
mutual station with joint platforms is also important in terms of safety since less
movement of people would be necessary. Although space restrictions could cause the
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need for constructing two separate stations connected by some sort of path or bridge
to enable passengers to transfer. There is also a possibility of constructing the station
or stations grade separated, either above the road or below grade as an underground
station. The rather difficult features of junction Jarnbrott could be avoided by having a
fully separate busway.

6.3 BRT versus LRT

Both BRT Guidelines and the work of GMP 2035 mention that BRT potentially can
be used as a step for implementing LRT. This is not a specified suggestion for the
studied stretch of Vaster and Soderleden yet it is considered a relevant topic for
discussion in this thesis.

According to the literature study the capacity of light rail are greater than buses, but
BRT is cheaper and it is shown that it can provide more capacity per invested million
which are in favor for constructing a BRT. BRT and LRT are becoming more alike
each other, and in the future it is likely to assume that the only thing parting the two
modes will be that a LRT runs on rails while BRT runs on rubber wheels. As
previously mentioned there is an issue of capacity of BRT vehicles on freeways since
they are recommended to provide seating for all passengers when travelling in speeds
above 70 km/h, which has to do with the side movements that are greater for non-rail
vehicles. It will be challenging providing vehicles that have as large a capacity as
trams if all passengers need seating, as oppose to trams and trains or buses with lower
speeds on urban streets where it is accepted to be standing. Going with a bus similar
to the bi-articulated buses operating between Chalmers Lindholmen and Chalmers
Johanneberg in 80km/h might not be considered achieving BRT standard in terms of
comfort. This is something that is concluded in Ohnmacht’s study as well; in order for
a BRT to be successful it has to come with proper seating and space, therefore a BRT
with a lot of standing capacity might not be preferable. There are also many
psychological aspects that seem to be of importance when choosing a bus based
mode, this could perhaps be achieved by constructing a more tram like design of the
BRT, which also could help when mitigating the impacts the rail bonus is thought to
have. Yet, when it comes to Gothenburg 2035, it should be questioned whether the
demand is high enough to motivate a switch to LRT, and perhaps a BRT with a more
frequent time table would be sufficient. Although the overall idea of switching to LRT
is more sensible in Gothenburg since there already is a wide LRT system, compared
to the example of Ottawa where LRT only make up for a fraction of the public
transport system.

6.4 Additional aspects

Several aspects influence the choice of where to put the running way; median,
shoulder or separate. There are pros and cons with each configuration as was briefly
described in chapter 2.2. In general the APTA recommendations vary in standard and
it is noted that there are options of shared running way and where the bus needs to
leave the busway to reach a station. These types of features can be seen as making the
system too flexible, which could potentially compromise the importance of an easy-
to-understand and homogenous BRT system, and additionally the BRT vehicles’
priority in relation to other vehicles. The idea of having counterflow is a further
feature that can be considered compromising the clear identity of the system and
therefore it is not assumed to be a reasonable option for Gothenburg.
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One of the advantages with a median running way compared to shoulder is the
possibility of having a shared platform instead of two separate, which is space
efficient and also brings the possibility of straight alighting. Having a bus shoulder
would require an isolated stop due to safety which would compromise the BRT speed.
However as previously mentioned there are bridge pillars in the median of Véster and
Soderleden that are placed in the spacing between the two directions at the junctions,
which demands a small curve around the pillars or the need of bridge reconstruction.
In order to not compromise speed and comfort, such a curve would require large
geometry which requires even more space. Since several new lanes are to be
constructed the road could become up to 8 lanes plus potential overtaking lanes. This
would demand reconstruction of the junctions.

If instead a shoulder running way would be chosen the problems concerning the
bridge pillars would go away but as mentioned this setup leads to the BRT being
somewhat mixed with other traffic and thereby compromising the important BRT
standard. Therefore it is considered that a shoulder running way setup is less suitable.
The third option is to have a separate running way that uses the transport corridor and
its land use features, leading to possibilities of high speed and comfort, rather than the
actual road. This would create an additional barrier but bring larger possibilities in
terms of taking consideration to TOD. A separate busway could be placed on the side
of the corridor where satisfying connection to the built environment is most
achievable, and it seems clear that such stations would have more possibilities of
development since they can take up more space compared to if placed in the median
of a road. The drawback is that as some people get closer to the station, people on the
other side get a longer distance to walk. Therefore it should be carefully considered
what side of the corridor to put the separate busway on. Based on the reasoning
above, further investigations concerning for instance accessibility, cost and benefits
from a separate setup should be carried through.

The overall purpose of all public transportation is to increase sustainability and
decrease traffic jams. In this case Gothenburg has goals for increasing the modal share
of not only public transport, but cycling and walking as well, and at the same time
reduce the modal share for automobile. It might be difficult to promote public
transport or cycling to some of the studied area since it contains shops and businesses,
and the will for going by these modes when shopping might be smaller. However a
lack of proper public transportation will clearly not help achieve the goals.
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7 Discussion

Since the BRT-system is to be implemented in about twenty years there are many
uncertain factors, for example what the built environment along the stretch actually
will be like in the future. A further uncertainty in this thesis is that the noise levels in
the median of the road were approximated based on levels on E20, but in order to
obtain exact values measurements on Vaster and Soderleden should be carried out. If
the noise levels are higher than assumed investigation concerning materials and
design that leads to even larger reductions should be carried out. Furthermore the
increase of traffic flow until the year of 2035 is another uncertainty that will affect
both noise levels and air quality, and these should therefore be taken consideration to.
Road and vehicle development, such as new road surfaces and coats covering tires,
are also aspects that to some extent could lead to reduced noise and possibly less
particles originated from tires against road surfaces. This could ease the situation of
BRT on highly trafficked roads. Both noise levels and air quality depend on the
location of the station, and are lower if being placed beside the road.

As is mentioned in the scope no consideration was taken to economic aspects, apart
from the approximated values when investigating BRT systems versus LRT systems.
Economy is obviously a most vital part when investigating the feasibility of the
different options concerning station location and design as well as running way
options. Once economic circumstances are looked into the choice of stations, running
ways and other aspects may be different than this thesis suggest.

Another shortcoming in the analysis is that no exact values of population in near
access to the investigated potential stations were found. The values used are for the
area of Fassbergsdalen and in order to obtain a more correct view upon how many
people that will have close access to the station further studies should be carried out,
for example in GIS. Such studies would provide the density near the stations and
hence give a more accurate image of how transit oriented the station has the
opportunity to become. Furthermore the values of people living in the area were not
derived from the same area as the working opportunities were, which creates an
uncertainty that should be further investigated.

As is mentioned in the analysis there are space restrictions in the area, both on
Frolunda Torg and generally on the entire stretch where more capacity is needed. The
available space is one important factor when it comes to determining where the
station will be placed, as well as the choice of running way. Therefore a more
thoroughly investigation concerning what the physical conditions are needs to be
carried out. Other significant factors when considering the choice of running way and
location of stations are what the pros and cons are for making a detour from the
running way to reach a location that is more integrated in the urban development, and
more TOD friendly. In terms of TOD, the studied stretch shows how a BRT system
could function on the specific part, not how BRT as a system could work all along
Véster and Soderleden or in the whole of Gothenburg. However the issues at the two
junctions investigated could probably be applied on other similar junctions across the
city. When it comes to station design due to noise levels, traffic safety and air quality,
these are aspects that are general and can be used on other routes along larger roads.

When looking at the studied examples some problems were assumed to be potential
problems in Gothenburg, like people making shortcuts over roads in Istanbul,
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however this might not necessarily be a problem in Sweden just because it is a
problem in Istanbul. This could be the case for other issues as well, and it is important
to carefully consider different circumstances and not merely assume that a problem in
one system will occur in another system. Another aspect when investigating the case
studies is that it would be valuable to visit the cities and use the systems personally in
order to obtain a better view of them. The described features from American
guidelines concerning BRT on freeways were assumed to be applicable to Swedish
circumstances even though there are differences in the characteristics of Swedish and
US transportation policies, such as ambitions of reduced greenhouse gasses and modal
share of public transport.

Finally, when it comes to BRT versus LRT the idea was to question the general
assumption that LRT is superior to BRT and therefore the studied literature many
times had the same kind of background. Therefore the result risk being somewhat in
favor of BRT and might not at all times provide a neutral foundation for a
comparative assessment. It is in this thesis concluded that BRT is cheaper but has less
capacity than LRT, but in order to fully gain understanding of the two mode’s pros
and cons, a deepened study should be carried out, where both angels of the subject are
reflected upon.
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8 Conclusion

When implementing BRT on a highly trafficked road with environment thereafter a
station that is fully closed to the surrounding is recommended, as it could lead to
acceptable levels of noise and air quality, and it would also increase satefy. Moreover
it was found that there is a potential issue with people needing to cross the barrier of
the road in terms of longer walking distance and the surroundings of the freeway is
considered to be a general drawback with Express-BRT.

The studied area is not ideal in terms of preconditions of transit oriented
developement, and Jarnbrott was identified as a junction where TOD can be extra
problematic. This is in line with the proposal of GMP 2035 that Jarnbrott should only
serve as a transfer node. This does not correspond to TOD principles or BRT
Guidelines and it remains unclear whether this way of considering Jarnbrott would
compromize the BRT standard, a subject that therefore requires further studies.
Frolunda Torg is however an example of where it would suit to have a node for the
BRT.

Advantages of using corridors from large roads such as the one studied are that they
already pose as a barrier and have features of geometry and built environment that
enable high speed. A median running way is considered to be a more viable option
than a shoulder due to possibilities of having a fully dedicated busway without
interruption. Yet the idea of using already existing infrastructure is considered rather
limited due to the need of reconstruction of junctions and additional lanes leading to
widening of the road. This fact alongside what appears to be insufficient possibilities
of implementing the BRT in accordance with TOD at Jarnbrott leads to the conclusion
that a separate busway could be a viable option that should be further analyzed. A
separate busway could be placed in or adjacent to the transport corridor, using its
features of geometry and sparse exploitation instead of the actual road, to obtain BRT
standards of speed and comfort. This type of setup would have different preconditions
for transit oriented development than a median, with possibilities of higher integration
of the built environment as well as larger station areas. Yet it should be carefully
considered on which side of the corridor the busway is implemented, as it leads to a
significant walking distance for customers who come from the other side. A separate
busway would also lead to somewhat lower exposure of noise levels and emissions
due to the distance from the road, yet a closed station is still preferable since the
reduction likely will not become large enough and traffic safety is secured through
such a design.

From litterature there are indications that LRT provide higher capacity than BRT but
BRT gives higher capacity per invested million. This along the fact that BRT aims to
adopt rail like features leads to the conclusion that the BRT-system should not be
replaced with a LRT-system unless there are significant capacity issues that cannot be
solved with increased BRT frequency and larger vehicles. However the already
existing LRT system in Gothenburg makes such a shift more reaonsble than if the
city’s public transport system was entiterly bus based.

CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25 49



9 References

Acevedo, R. M. o.a., 2003. Curitiba Urban Transport Programme Il (BR-0375) Loan
Proposal, u.o.: Inter-American Development Bank .

Al-Dubikhi , S. & Mees, P., 2010. Bus rapid transit in Ottawa, 1978 to 2008:
Assessing the result, Liverpool: Liverpool University Press.

American Public Transportation Association, 2010. Designing Bus Rapid Transit
Running Ways, Washington D.C.: American Public Transportation Association.
Bengtsson, V. & Stromberg, S., 2012. Sparfaktorn - En begreppsanalys, Malmao: u.n.
Boverket, 2011. Boverkets byggregler - foreskrifter och allmana rad, BBR,
Stockholm: Boverket.

BRT Data, 2016. Brt Data. [Online]

Available at: http://brtdata.org/location/northern_america/canada/ottawa

BRT Data, n.d.. Curitiba. [Online]

Available at: http://brtdata.org/location/latin_america/brazil/curitiba

[Anvéand 10 march 2016].

Calthorpe Associates, 2015. Calthorpe Associates. [Online]

Available at: http://www.calthorpe.com/peter-calthorpe

[Anvand 4 March 2016].

Carrigan, A. o0.a., 2013. Sociall environmental and economic impacat of BRT systems,
u.o.: EMBBARQ.

Cervero, R., 1998. The Transit Metropolis: A global inquiry. Washington D.C.: Island
Press.

Chumwa, 2012. Metrobus (Istanbul) Mecidiyekéy station. [Onling]

Available at:
https://commons.wikimedia.org/wiki/File:Mecidiyekdy Metrobiis_Duragi cropped.jp
g

[Anvand 11 March 2016].

City of Curitiba, 2013. Curitiba tera mais 300 km de vias ciclaveis e investimento de
R$ 90 milhdes para consolidar novo modal. [Online]

Available at: http://www.curitiba.pr.gov.br/noticias/curitiba-tera-mais-300-km-de-
vias-ciclaveis-e-investimento-de-r-90-milhoes-para-consolidar-novo-modal/30592
[Anvand 18 March 2016].

City of Curitiba, 2015. Estudo ressalta beneficios sociais, econdmicos e ambientais
do metré. [Online]

Available at: http://www.curitiba.pr.gov.br/fotos/album-estudo-ressalta-beneficios-
sociais-economicos-e-ambientais-do-metro/23801

[Anvénd 25 March 2016].

City of Curitiba, n.d.. City Profile. [Online]

Available at: http://www.curitiba.pr.gov.br/idioma/ingles

[Anvéand 24 March 2016].

City of Ottawa, 2013a. Transportation Master Plan, Ottawa: City of Ottawa.

City of Ottawa, 2013b. Ottawa Cycling Plan, Ottawa: City of Ottawa.

City of Ottawa, 2015. Cycling and transit. [Online]

Available at: http://ottawa.ca/en/residents/transportation-and-parking/cycling/cycling-
and-transit

[Anvéand 21 March 2016].

City of Ottawa, 2016a. Confederation Line. [Online]

Available at: http://www.ligneconfederationline.ca/the-plan/when/

[Anvand 18 March 2016].

50 CHALMERS, Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25



City of Ottawa, 2016b. Confederation Line. [Online]

Available at: http://www.ligneconfederationline.ca/the-plan/where/

[Anvand 18 March 2016].

City of Ottawa, 2016c¢. Confederation Line. [Online]

Available at: http://www.ligneconfederationline.ca/the-plan/why/

[Anvénd 18 March 2016].

City of Ottawa, 2016d. Transit priority signal indicator. [Online]

Available at: http://ottawa.ca/en/residents/transportation-and-parking/traffic/transit-
priority-signal-indicator

City of Ottawa, 2016e. 5.0 Transportation. [Online]

Available at: http://ottawa.ca/en/official-plan-0/50-transportation

Ddrrbecker, M., 2005. Curitiba Public Transport. [Online]

Available at: https://commons.wikimedia.org/wiki/File:Curitiba_PublicTransport.png
[Anvénd 11 March 2016].

Ddorrbecker, M., 2015. Istanbul Rapid Transit Map with Metrobus (schematic).
[Online]

Available at:
https://commons.wikimedia.org/wiki/File:lstanbul_Rapid_Transit_Map_with_Metrob
Us_(schematic).png

[Anvénd 11 March 2016].

Duduta, N. o.a., 2015. Traffic Safety on Bus Priority Systems, Washington D.C.:
EMBARQ.

Eklund, S., Dahlgren, L. & Andersson, L., 2013. Elbilar och buller. Férstudie om
olyckor och tystgaende elbilar, Stockholm: Transportstyrelsen.

Eniro, 2016. Einro. [Online]

Available at: http://kartor.eniro.se/?9=fr%C3%B6lunda

[Anvand 29 April 2016].

Forssén, J., Kropp, W., Thorsson, P. & Ogren, M., 2005. Trafikbuller vid Partille
Stom, Goteborg: Teknisk akustik, Chalmers Tekniska Hogskola.

Frolunda Torg, n.d.. Frolunda Torg. [Online]

Available at: frolundatorg.se/historia/

[Anvénd 27 April 2016].

Ghasemlou, K., Aki, M., Kése, P. & Wass, C., 2014. Follow-up study on road safety
and accessibility of Istanbul Metrobus, u.o.: EMBARQ Turkey.

Gil, J., 2016. Urban Modality - Modelling and evaluating the sustainable mobility of
urban areas in the city-region, Delft: Delft University of Technology.

Goteborgs Sparvagar, 2016. Goteborgs Sparvagar: Var fordonsflotta. [Online]
Available at: http://www.goteborgssparvagar.se/om-oss/var-flotta/

[Anvénd 14 April 2016].

Goteborgs Stad, 2016. Trafik- och resandeutveckling 2015, Goteborg: Géteborgs
Stad.

Goteborgs Stad, n.d.a. Luftkvaliteten i Goteborg. [Online]

Available at: http://goteborg.se/wps/portal/invanare/miljo/miljolaget-i-
goteborg/luft/luftkvaliteten-i-
goteborg/'ut/p/z1/04_Sj9CPykssyOxPLMnMzOvMATfIjo8ziAwy9Ai2cDBON_NOt3Q
w8Q7wD3Py8ffydg4z0WSBEKDFCA04FTkJGTsYGBuU7-RfhQx-
VEoiMIwHtki_YLcOFAAGckAKQ!/dz/d5/L2dBISEVZOFBIS9nQSEh/

[Anvénd 8 april 2016].

Goteborgs Stad, n.d.b. Partikelbindande atgarder. [Online]

Available at: http://goteborg.se/wps/portal/invanare/miljo/miljolaget-i-

CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25 51



goteborg/luft/partikelbindande-
atgarder/!ut/p/z1/04_Sj9CPykssyOxPLMnMzOvMATfIjo8ziAwy9Ai2cDBON_NOt3Qw
8Q7wD3Py8ffyDAwW31WSEKDFCA04FTkIGTSYGBu7-RfhQx-
VEoiMIwHtki_YLcOFAABBABA4A!!/dz/d5/L2dBISEVZOFBIS9nQSEh/

[Anvand 8 April 2016].

Goteborgs Stad, n.d.c. Sa 6vervakas luften. [Online]

Available at: http://goteborg.se/wps/portal/invanare/miljo/miljolaget-i-
goteborg/luft/sa-overvakas-
luften/lut/p/z1/04_Sj9CPykssyOXPLMnMz0OvMAfIjo8ziAwy9Ai2cDBON_NOt3Qw8
Q7wD3Py8ffydzc31WBEKDFCA04FTKIGTsYGBuU7-RfhQx-
VEoiMIwHtki_YLcOFAAIIMQUA!!/dz/d5/L2dBISEVZOFBISOnQSEh/

[Anvénd 8 april 2016].

Hensher, D. & Golob, T., 2008. Bus rapid transit systems: a comparatative
assessment, New York: Springer Science+Business Media.

Hensher, D. & Mulley, C., 2014. Modal image: candidate drivers of preference
differences for BRT and LRT, New York: Springer Science+Business Media.

IETT, 2012. Transit 2012. Public transport congress (in Turkish), Istanbul: IETT.
IETT, n.d.. Istanbul Electric Tram and Tunnel Enterprises. [Online]

Available at: http://www.iett.gov.tr/en/main/pages/public-transportation-in-
istanbul/316

[Anvand 24 March 2016].

Lindau, L. A., Hidalgo, D. & Facchini, D., 2010b. Bus Rapid Transit, Brazil. A Look
at the Outcome after 35 Years of Bus-Oriented Development. Transportation
Research Record: Journal of the Transportation Research Board, Volym 2193.
Lindau, L. A., Hildago, D. & Facchini, D., 2010a. Curitiba the cradle of Bus Rapid
Transit. Built environment, 36(3).

Miljo- och energidepartementet, 2008. En sammanhallen klimat- och energipolitik -
Klimat prop 2008/09:162, Stockholm: u.n.

Morio, 2006. Curitiba's Integrated Transportation Network tube station. [Online]
Available at:
https://en.wikipedia.org/wiki/Estacdo_Tubo#/media/File:Bus_Stops_2_curitiba_brasil
.Jpg

[Anvand 11 March 2016].

Mucsi, K., 2016. Program Manager, Strategic Transportation Planning, City of
Ottawa [Intervju] (25 March 2016).

Naturvardsverket, 2015. Gransvarden, malvarden och utvarderingstrosklar for luft.
[Online]

Available at: http://www.naturvardsverket.se/Stod-i-
miljoarbetet/\Vagledningar/Miljokvalitetsnormer/Miljokvalitetsnormer-for-
utomhusluft/Miljokvalitetsnormer-for-ozon-i-utomhusluft/

[Anvénd 8 April 2016].

Niska, A. & Eriksson, J., 2013. Statistik over cyklisters olyckor. Faktaunderlag till
gemensam strategi for saker cykling, u.o.: VTI.

OC Transpo, 2016 a. Riding at night. [Online]

Available at: http://www.octranspol.com/safe-travels/riding_at_night

[Anvéand 21 March 2016].

OC Transpo, 2016 b. Transitway Stations. [Online]

Available at: http://www.octranspol.com/routes/transitway

[Anvénd 22 March 2016].

52 CHALMERS, Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25



OC Transpo, 2016 c¢. OC Transpo. [Online]

Available at: http://www.octranspol.com/routes/transitway

OC Transpo, 2016 d. OC Transpo. [Online]

Available at: http://www.octranspol.com/about-octranspo/reports

Ohnmacht, M., 2012. Differences in cognition of public transport systems: Image and

behavious towards urban public transport, u.o.: u.n.

Ortiz, M., 2014. Wikipedia Commons. [Online]

Available at:

https://commons.wikimedia.org/wiki/File:OC_Transpo BRT 05 2014 Ottawa 8617

JPG

[Anvand 15 March 2016].

Ortiz, M. R. D., 2013. Linha Verde Curitiba BRT 02 2013 Est Marechal Floriano.

[Online]

Available at:

https://commons.wikimedia.org/wiki/File:Linha_Verde Curitiba BRT_02_2013 Est
Marechal_Floriano 5978.JPG

[Anvand 15 March 2016].

Pacione, M., 2005. Urban Geography: A global Perspective. 2 red. u.o.:Routledge

Taylor & Francis Group London and New York.

SCB/Stadsledningskontoret, Goteborgs Stad, 2016. Goteborgs Stad, Goteborgsbladet.

[Online]

Available at:

http://statistik.goteborg.se/Statistik/Faktablad/Goteborgsbladet/Goteborgsbladet-2015/

[Anvéand 9 May 2016].

Stadsbyggnadskontoren Molndal och Géteborg, 2012. Oversiktsplan for Goteborg

och MélIndal, fordjupad for Fassbergsdalen, Géteborg: u.n.

Stadsbyggnadskontoret, 2015. Detaljplan for Bostader vis Munspelsgatan, Goteborg:

Goteborgs Stad.

Stojanovski, T., 2012. Istanbul: u.n.

Stojanovski, T., 2013a. Bus rapid transit (BRT) and transit-oriented development

(TOD): How to transform and adjust the Swedish cities for attractive bus systems like

BRT? What demands BRT?, Stockholm: KTH.

Stojanovski, T., 2013b. Light railways and busways as key driver for sustainable

urban development: the Swedish experiences with transit-oriented development

(TOD), Stockholm: KTH.

Stojanovski, T., 2016. [Intervju] (28 April 2016).

Stojanovski, T. & Kottenhoff, K., 2013. Bus Rapid Transit (BRT) och Transiet-

Oriented Development (TOD): Stadsutveckling for effektiv kollektivtrafik, Stockholm:

Kungliga Tekniska Hogskolan (KTH).

Structor Mark Goteborg AB, 2015a. Plan- och miljobeskrivning Vag E6.20,

Soderleden, trimningsatgarder Sisjomotet. Goteborg: Trafikverket.

Structor Mark Goteborg AB, 2015b. Plan- och miljébeskrivning Vag E6.20,

Soderleden, additionskorfalt delen Sisjomotet—-Abromotet, Goteborg: Trafikverket.

Svenska kommunforbundet, 2004. Vagar och gators utformning, VGU, Borlénge:

Vagverket.

Thorsson, P., 2016. Lecturer [Intervju] (30 Mars 2016).

Trafikverket, Trafikkontoret, Vésttrafik, 2016. Trafiken.nu. [Online]

Available at: http://www.trafiken.nu/goteborg/

[Anvéand 6 April 2016].

CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25 53



Trafikverket, 2012. Nya krockvaldskurvor for fotgéngares risker vid pakérning av bil.
u.o., Trafikverket.

Trafikverket, 2016a. Vagtrafikens utslapp. [Online]

Available at: http://www.trafikverket.se/om-oss/var-verksamhet/sa-har-jobbar-vi-
med/miljo-och-halsa/halsa/luft/vagtrafikens-utslapp/

[Anvénd 2016].

Trafikverket, 2016b. Nationell Vagdatabas. [Online]

Available at: https://nvdb2012.trafikverket.se/SeTransportnatverket

[Anvand 5 April 2016].

Transportation research board, 2003. Bus rapid transport, Vol. 2: implementation
guidelines, Washington, D.C: TRB.

Trivector, 2012. Enkla tillganglighetsmatt for resor itatort, Lund: Trafikverket.
URBS, 2015. Resumo Operacional. [Online]

Available at: http://www.urbs.curitiba.pr.gov.br/transporte/rede-integrada-de-
transporte

[Anvénd 24 March 2016].

Vagverket, 2010. Busshallplatser - Exempel, rad och detaljer, Borlange: Véagverket.
Vastra Gotalandsregionen, 2015. Ansats till infrastrukturatgérder for vidare analys,
u.o.: Vastra Gotalandsregionens Kollektivtrafiknamnden.

Véstra Gotalandsregionen, 2016. Malbild for stadstrafiken i Géteborg, MoéIndal och
Partille 2035. Remissutgava, Goteborg: VGR.

VGR, 2016. Malbild for stafstrafiken i Géteborg, Mdlndal och Partille 2035,
Remissutgava, Goteborg: VGR.

Walker, J., 2010. Ottawa: moving on from the Busway, Portland: u.n.

Walker, J., 2016. Human transit. [Online]

Available at: http://humantransit.org/2011/04/basics-walking-distance-to-transit.html
[Anvand 20 April 2016].

WHO, 2016. Health and sustainable development. [Online]

Available at: http://www.who.int/sustainable-development/transport/health-
risks/noise/en/

[Anvand 1 April 2016].

World BRT, 2012. World BRT. [Online]

Available at: https://www.worldbrt.net/en/cities/istanbul.aspx

[Anvénd 15 February 2016].

World Population Review, 2015. Istanbul Population. [Online]

Available at: http://worldpopulationreview.com/world-cities/istanbul-population/#
[Anvand 05 April 2016].

Wright, L. & Hook, W., 2007. Bus rapid transit. Planning guide, New York: Institute
for Transportation and Development Policy.

WSP, 2009. Fassbergsdalen - Vad kan omradet komma att innehalla?, Goteborg:
WSP.

WSP, 2011. Bussens fordelar vid kollektivtrafiksatsningar, Stockholm: WSP.

X2AB, 2015. Guidelines for attraktiv kollektivtrafik med fokus pa BRT, Stockholm:
u.n.

Yazici, A. o.a., 2013. A bus rapid transit line case study: Istanbul's metro bus system.
Journal of public transportation, Volym 16:1.

Yice, E. C., 2013. An assessment of the planning and operational performance of the
bus rapid transit system in Istanbul, u.o.: Middle East Tecchnical University.
Yurdagul, E. & Gergek, H., 2013. System Components and Operation Characteristics
of Istanbul BRT, Istanbul: Istanbul Technical University.

54 CHALMERS, Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25



Zhao, F. 0.a., 2003. Forecasting transit walk accessibility: a regression model
alternative to the buffer method, u.o.: u.n.

CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-25

55



