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Photo 4.2: Manchester Metrolink

The Croydon Tramlink opened in 2000 and consists of a 28km light rail network with an
overhead electric power supply (see Photo 4.3 overleaf). Much of the track (17km) makes use
of a previous British Rail track, part (3km) uses existing highways and 8km uses new rights of
way, generally alongside active roads. This includes 38 stops, with interchanges to railway
stations at 8 locations. Three main routes exist along the network, which are linked by an on-
street central loop in Croydon town centre. A fleet of 24 Bombardier trams operate on the
network and each vehicle is double-articulated, double-ended and is capable of seating 70
people. They have a floor height of 350mm with high floors at each end of the cars.

The patronage of the network was below that expected with 15million passengers in the first
year. However, there has been continued growth in patronage with the equalisation of fares
with equivalent bus services. Patronage figures increased to 22million by 2004. The network
cost a total of £200m to construct and is under a 99 year design, build, operate and maintain
franchise. Extensions to the line are being considered and are priced at a total of £644million
for 4 new routes at the pre-feasibility stage.
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Photo 4.3: Croydon Tramlink

4.3.3 Examples of LRT systems in Ireland / Europe

Dublin’s LUAS tram system consists of two tram lines that opened in 2004 (see Photo 4.4).
These first two systems cost 691million Euros (~£495million). The trams carried 26million
passengers in 2006, about 80,000 per day. The Green system is 9km in length and largely
follows an abandoned railway alignment. The Red system is 14km in length and runs from
suburban Tallaght to Connolly Station in central Dublin. It operates in a variety of rights-of-
ways, including a former section of canal. The systems do not connect and each has its own
maintenance depot. Operation of the system is contracted out to a private operator.

Photo 4.4: Dublin LUAS Line
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In 2004 Barcelona opened two LRT tramway systems (see Photo 4.5). “Trambaix” is located in
the south western part of Barcelona, linking the University area with the Baix Llobregat
suburbs on the southern edge of the city. Total line length is 15.8km with 28 station stops.
Capital cost was 246million Euros (~£175million). This system is expected to carry about
7.6million passengers annually (24,500 trips per day). “Trambesos” is located in the north
eastern part of Barcelona in the Badalona and Sant Adria de Besos districts of the urban area,
serving the environs near the 1992 Olympic Village. Total line length is 13.5km with 27
station stops. Capital cost was 205million Euros (~£146million).

Photo 4.5: Barcelona

Bus-Based Rapid Transit Systems

Bus-Based Rapid Transit Characteristics

Bus rapid transit (BRT) is a rubber-tyred rapid transit service that transcends conventional bus
services by providing a high quality and rapid transit service that is on par with other rapid
transit options. It combines stations, vehicles, running ways, a flexible operating plan, and
technology into a high quality, customer focused service that is frequent, fast, reliable,
comfortable, and cost efficient.

BRT can provide a similar user experience to LRT including the use of high quality design for
stations, a ‘branded’ and highly visible service, and attractive vehicles. The frequency and
speed of service is also higher than conventional bus and similar to LRT.

How BRT systems have been developed varies considerably — some systems use standard buses
while others use higher-order BRT vehicles; some use relatively modest levels of on-street
priority whilst others use busways that are fully segregated from other traffic.

BRT has enjoyed increasing popularity throughout the world due to growing traffic congestion,
increasing pressure on budgets, and a trend to lower density and decentralised development in
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all countries. In the UK, a true high order BRT system does not yet exist, although a number of
projects have been developed in recent years that integrate elements of BRT. Perhaps the
largest impediment to BRT development in the UK has been competition rules and the large
role that private bus operators play in service provision.

BRT systems should have the following characteristics:

= Off-highway running on dedicated track with or without some form of guidance;
= Continuous on-highway bus lanes on shared sections of the route;

= Maintaining the bus’s place in traffic queues where shared running is unavoidable;
= Traffic signal and other priorities to assure service reliability;

= High quality, accessible stations for boarding and alighting;

= Distinctive and attractive modern vehicles;

= Low emissions;

= Easy accessibility;

= High frequency services;

= Off-board and integrated ticketing;

= High standard of information provision with real-time signs at stations; and

= Good integration with other modes.

BRT guidance systems

Busways come in a variety of forms. Non-guided busways can be used by any bus and simply
involves running off the public highway on segregated roads. Greater width is needed than for
guided systems, and whilst non-guided busways can be more easily violated than guided
systems, they can be easily closed to other traffic by barriers or rising bollards controlled by
transponders. It is also a straightforward matter to phase traffic signals to favour the bus on the
busway.

Although guided busways have dominated UK thinking, some recent schemes in the UK have
used non-guided busways, notably the Dartford Fastrack service which is being developed into
a network ready for the Thames Gateway redevelopment. Swansea’s Metro, using dedicated
busways round the city centre and to avoid certain troublesome roundabouts, is fast nearing
completion and will use First’s ftr concept to bring high-profile, attractive new vehicles to the
service. And the UK’s oldest BRT schemes in Runcorn and Redditch rely on dedicated, bus-
only roads.

Kerb guidance systems, developed in Germany, have a number of advantages. They are
technologically simple and, like all guidance systems, enable buses to travel in a narrower
space, typically around 3m wide for each lane as opposed to around 4m required for safe
operation of conventional bus lanes. Two-lane guideways can be fitted into a 6.2m overall
width, whereas two-way non-guided busways need a minimum of 7.5m. Guided buses are also
able to dock precisely at stations, where platforms built up to the height of the bus’s entrance
allow level boarding. Guideways also have the advantage that they cannot be violated by
prohibited traffic.

The minimal modification of buses means they work just like any other bus away from the
guideway, and give ultimate flexibility. They can serve an infinite variety of destinations at
either end of the route, feeding into the guideway for the trunk. The downside of guideways is
the cost of construction. The more effective method is to use pre-formed concrete sections,
which, being factory-made are constructed to close tolerances and result in higher ride quality.
The cheaper alternative is slipform construction, which involves laying concrete in-situ.
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However achieving a satisfactory surface, and therefore ride quality, is more difficult. In some
instances a slipform surface is combined with precast kerbs.

Electronic guidance systems use underground cables to transmit signals to the receiver units
on the vehicle. This requires much more extensive modification to the vehicle, though it can be
still be used in normal mode away from the guidance system. Installation is cheaper than a
guideway though vehicles are more expensive. Similar systems use magnetic studs in the
roadway and a sensor on the vehicle.

Optical guidance is already favoured for IrisBus’s CIVIS. This uses a camera to pick up road
markings which the vehicle is then able to follow. It works as long as the vehicle can ‘see’ at
least a third of the road markings. CIVIS runs in Rouen and Clermont-Ferrance in France and
Las Vegas, USA. Vehicles are expensive, though infrastructure costs are low. However, the
system can be adversely affected by snow, autumn leaves etc.

GPS guidance (Global Positioning by Satellite) is used by the Phileas system in Eindhoven,
Netherlands. It uses satellite navigation systems, accurate to around 25-30metres, in
conjunction with a fixed GPS receiver at a known location to give position accuracies to within
2-5cm.

Mechanical guidance systems have also been used. Translohr, which has been tried in Venice,
Padova and I’Aquila in Italy and Clermont-Ferrand in France, is more like a rubber-tyred tram
with two rollers running on a central guideway to steer the vehicle. It does not have the
flexibility to be used away from the track. Bombardier’s GLT system uses small metal wheels
running in a central groove in the road, making it like a single-railed tram, but it can leave the
groove and be used as a conventional bus on normal highway.

Role of Vehicles in BRT®

Vehicles have a direct impact on speed, capacity, environmental friendliness and comfort. BRT
vehicles are also the element of BRT that most passengers and non-customers associate with
the BRT system’s identity. As the BRT element in which customers spend the most time,
passengers derive much of their impression of the BRT system from their experience with
vehicles. For non-passengers, vehicles are the system elements that are most visible.

One of the advantages of BRT is that a wide range of vehicles can be used according to
particular circumstance and budget and using different forms of propulsion. For BRT to be
effective, it is desirable that vehicles should be distinctive from the conventional buses in the
area. There are four primary attributes that define a BRT vehicle — vehicle configuration,
aesthetic enhancements, passenger circulation enhancements and propulsion.

The vehicle configuration is the primary vehicle planning/design parameter for BRT systems.
The configuration captures the combination of the length (capacity), body type, and floor height
of the vehicle. Although not so far used in a proper BRT context, FirstGroup’s Streetcar
vehicles for its ftr concept use lightly-modified standard mechanical components in a body shell
which is very distinctively styled, both externally and internally (see Photo 4.6 overleaf).
Whilst these add some 50% to the price of a standard articulated bus, they are cheaper than
some of the more bespoke solutions featured in some places on the Continent. Streetcar is to be

8 Reference: BRT UK “Buses as Rapid Transit, A Transport Revolution in waiting” and “Characteristics of Bus Rapid
Transit for Decision-Making”, Office of Research, Demonstration and Innovation, United States Department of
Transportation, August 2004.
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used in a BRT context in Swansea soon and is also to be adapted for North America. Fifty
Streetcars using a diesel-electric hybrid driveline will form the second phase of the Las Vega
Metropolitan Area Express (MAX) BRT network. For comparison purposes, a standard
Ulsterbus is shown alongside.

Photo 4.6: Volvo/Wrightbus Streetcar compared to Ulsterbus

(Source: www.wrightbus.com and www.translink.co.uk)

Above and beyond the basic vehicle type, several aesthetic enhancements can be added to the
vehicle to enhance the attractiveness of vehicles to passengers. These can include specialised
logos and livery and larger windows and enhanced lighting. Enhanced interior amenities such
as more comfortable seating, higher quality materials and finishes and air conditioning can
improve the perception of cleanliness, quality construction and safety.

In addition, changing the conventional interior seating and access arrangements can provide
improvements to dwell time, capacity, and passenger comfort. An alternative seating layout
with the seating placed against the sides of the vehicles can increase the aisle width within the
vehicle increasing the standing capacity of the vehicle as well as providing additional space for
passenger circulation. This layout may also provide intangible benefits such as conveying an
impression of openness and accessibility. In addition, additional door channels and wider doors
facilitate the boarding process by allowing multiple queues of passengers to enter the BRT
vehicle at one time.

Propulsion can be by overhead electric wires, though these add considerably to infrastructure
and vehicle costs and reduce route availability, in return for zero emissions at the point of
delivery and quiet operation. Diesel-electric hybrid or gas-powered vehicles also reduce
emissions at the point of delivery and reduce noise levels, while trails of hydrogen-powered
fuel-cell electric buses are showing promising results without the need for expensive
infrastructure. All are more expensive technologies and while gas-powered and hybrid buses
are working in Continental Europe and America, there have been technology problems with
them in the UK. However, with announcements of new hybrid designs at EuroBus Expo in
November 2006 the hybrid era may just be beginning in the UK.
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There is no definitive information on prices of alternatively fuelled vehicles. The key issue
here is that these are very much vehicles under development and are currently built as ‘one
offs’ or very small production runs with consequent issues of lack of scale. As the alternative
technologies become established then prices should drop and the premiums will reduce and
may eventually disappear.

One example is for the Wright hybrid vehicles currently operating in London, which include
midi-sized single-decker buses and full-sized double-decker buses. These vehicles incur a
premium at purchase of up to 50% - so a £150k single-decker bus would become around £225k
for alternative fuel. A key issue with hybrid vehicles is the cost of battery replacement. The
Wright vehicles use Lithium-lon batteries which are guaranteed for 3 years and have an
expected life of around 5 years — but a full set for the batteries for one of the double-decker
buses costs around £50k. Thus in addition to the purchase price premium there is the
substantial cost of battery replacement at around 5 year intervals. That said, there should be
reductions in other costs such as fuel and maintenance costs.

There are significant advantages in using conventional diesel buses for BRT, though with light
modification to ensure that they are distinctive both to look at and offer above-average levels of
comfort and on-board equipment. A modest additional investment can pay dividends in terms
of attracting additional passengers. Yet from an operator’s perspective such buses will have
commonality of technology and components with the rest of the fleet, and will not need special
treatment. They will be immediately familiar to drivers. They also have the advantage of being
straightforward to cascade to other services and can thus be economically replaced by new
vehicles after a service life of a few years on BRT work. That has the additional advantage that
the BRT services can be refreshed economically at frequent intervals to preserve the image of
the system.

Where kerb guideways are used, modifications to vehicles to work on them are minimal. They
mainly include mountings for small horizontal rubber wheels attached to the steering arms on
either side of the bus. Thus virtually any type of vehicle can be used, and the guided busways
in Edinburgh and West Yorkshire use double-deckers as well as single-deckers. Modification
costs in the region of £2,000 per bus, and most manufacturers support the fitting of guidewheels
to their buses.

Rapid Transit ‘Running Ways’

“Running Ways” is the general term used to describe the travel lanes that BRT and LRT
services operate on. There are three general types of rapid transit running lanes, each of which
has various configurations.

= An exclusive running way describes limited access running ways that are generally not
used by any other traffic or mode of transportation other than perhaps emergency vehicles
(See Photo 4.7 overleaf). An exclusive running way would typically be located in separate
rights-of-way such as disused railway corridors or in the median or boulevards of existing
roads. These facilities can include grade-separated running ways and at-grade running
ways that cross streets at signalised junctions. Some or all traffic signals may provide
priority to rapid transit vehicles in order to minimise delay at junctions.
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Photo 4.7: an example of an exclusive BRT running way (Pittsburgh, USA)

= A dedicated running lane describes an exclusive rapid transit lane that is located on the
existing roadway but which is separated from general traffic by the use of kerbs or lines
painted on the road (see Photo 4.8). The use of a dedicated lane is restricted to rapid transit
vehicles and other bus services as considered appropriate.

Photo 4.8: an example of a dedicated BRT lane

= Running in mixed traffic — it is possible for rapid transit services to operate in mixed
traffic in cases where dedicated facilities are not required or possible to guarantee reliable
operation or where there are constraints (road space, cost etc). Occasional delay points can
be addressed through site specific transit priority measures at or on the approach to
junctions.

4.4.2 Examples of BRT systems in Europe
In Rouen, a BRT system has been introduced on an east-west axis following the building of

light rail for the north-south axis (Photo 4.9 overleaf). TEOR (Transport East-West Rouen) is a
three-line, optically guided BRT system put into service in 2001 (T2 and T3) and 2002 (T1) at
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half the price of a light rail system and is operated by TCAR, a Veolia Transport Company.
More than 32,000 trips a day are being made within the BRT system.

TEOR uses a mixture of exclusive right of way corridors, reserved lanes and mixed traffic in
areas of lower population density. The three lines follow a common alignment through the
central area, with frequencies of up to every 2min. TEOR buses have priority at all but three
intersections. The optical guidance system uses a camera to read painted markings on the road
which permits docking at stations with an average gap of less than 5cm for level boarding.

Photo 4.9: Rouen BRT system

i e

An impressive BRT service in the Netherlands connects Schipol Airport south of Amsterdam
with the regional city of Haarlem, using 24km of segregated non-guided busways — one of the
longest in the world (Photo 4.10 overleaf). It opened in January 2002. There are stations at
regular intervals, with dramatically-styled shelters, each with real-time information displays for
passengers. Ten stations have connections with local bus routes, and four with Netherlands
Railways.

Zuidtangent starts in Haarlem bus station, beside the main railway station. Buses are operated
by local operator Connexxion, but the distinctive red and silver Van Hool AG300 articulated
buses stand out from the other buses. For most of the route they are segregated from all other
traffic, with priority at road or cycleway crossings, allowing a 40km/h average speed to be
maintained. They offer a very smooth ride on a purpose built concrete track.

Zuidtangent carries 22,000 passengers a day and is on the way to recovering its 270million
Euro (~ £193million) construction cost. Work has also started on a link to Ljmuiden, north-
west of Haarlem, and to the new community of Ljburg being developed to the east of
Amsterdam, and is due to open in 2008. Ljburg will eventually house some 45,000 people, and
will be difficult to reach by car, so residents will be encouraged to use public transport.
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Photo 4.10: Amsterdam BRT system

Examples of BRT systems in the UK

The UK has a large number of BRT systems. One such example is the Crawley Fastway (see
Photo 4.11). The Crawley Fastway consists of two routes linking Crawley and Gatwick Airport
with a number of locations in the area. The system’s first route was launched in 2003, as a
mixture of kerb-guided and conventional bus lanes, as was the second route in 2005. The route
totals 24km and provides a frequency of 10mins and 20mins for routes 10 and 20 respectively.
The total length of guided busway is 2.4km and the length of priority bus lane totals 8.6km.
This is coupled with planned traffic management to give buses priority at traffic lights.

The services are run by Go-Ahead subsidiary Metrobus and consist of a fleet of 17 dual-door
single-deck buses with low floors and low emission diesel engines. All are fitted with guide
wheels and automatic vehicle location technology to allow real time information. The total
infrastructure cost amounted to £26million and the total vehicle cost amounted to £3million.
£10million of this was paid by the government with the remaining coming from the private
sector.

Patronage began in the first year with 1.74million passenger journeys rising to around 2million
by 2005. This was 41% higher than the patronage expected at launch. The service is in an area
where bus was not previously heavily used and so shows that modal shift can be achieved in
such areas where there is not a tradition of high bus patronage.

Photo 4.11: Crawley Fastway
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The first phase of the Kent Thameside BRT system (Photo 4.12) was completed in March 2006
and links Dartford and Gravesend. It is planned that it will be extended to service the channel
tunnel station at Ebbsfleet and regeneration sites in the area. The first phase is 23km long and
consists of 5km of segregated running and 3km of bus lane. The further phases of the
development intend to allow the network to cover 40km with 20km of segregated alignment
and 10km of reserved bus lane. The route does not currently support guidance but the design is
such that upgrades to guided bus, trolley bus or light rail are possible in the future.

The services are operated by Arriva and include 14 single-deck diesel buses and satellite
tracking for real time information, CCTV and signal priority. The total infrastructure costs
were £80million with around half of this amount coming from the private sector.

Photo 4.12: Kent Thameside BRT

The West Edinburgh Busway Scheme (Photo 4.13 overleaf) was launched in 2004 and runs
between South Gyle, Edinburgh Park and Edinburgh City Centre. The scheme was included in
a package of improvements, including construction of park and ride facilities and a new rail
station at Edinburgh Park. The section includes 1.5km of 2-lane segregated kerb-guided
busway as well as a number of conventional bus lanes and is the longest continual section of
guideway in the UK. Along the guided section are for specialised busway halts and the stops
along the entire route are provided with real time information and CCTV coverage.
Conventional bus lanes on this route total 3.5km.

The scheme cost £10.4million and was funded by the Scottish Executive, New Edinburgh Ltd

and from the CERT. Ownership and management of the infrastructure remains with the City of
Edinburgh Council.
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Photo 4.13: West Edinburgh Busway Scheme
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