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Context and Disclaimer – Terms of Access and Receipt

� L.E.K. Consulting (L.E.K.) wishes to draw the following important provisions to your attention prior to your receipt of or access to the L.E.K. report ‘Advanced Bus 
Solution: Appendix, 27 January 2017’ (the L.E.K. Report) including any accompanying presentation and commentary (the L.E.K. Commentary).

� The L.E.K. Report and any L.E.K. Commentary have been prepared for the New Zealand Transport Agency (the Client) in accordance with a specified scope of 
work described in the letter of engagement with the Client (the Engagement Letter). L.E.K. may provide upon request a copy of the Engagement Letter;

� Any person or entity (including without limitation the Client) which accepts receipt of or access to the L.E.K. Report and any L.E.K. Commentary (the Recipient) 
agrees to be bound by the terms and conditions set out below; 

� In receiving or accessing any part of the L.E.K. Report and any L.E.K. Commentary, the Recipient acknowledges that:

- L.E.K. has not been asked to independently verify or audit the information or material provided to it by or on behalf of the Client or any of the parties 
involved in the project;

- the information contained in the L.E.K. Report and any L.E.K. Commentary has been compiled from information and material supplied by the Client and 
other third party sources and publicly available information which may (in part) be inaccurate or incomplete; 

- L.E.K. makes no representation, warranty or guarantee, whether express or implied, as to the quality, accuracy, reliability, currency or completeness of the 
information provided in the L.E.K. Report and any L.E.K. Commentary or that reasonable care has been taken in compiling or preparing them;

- no part of the L.E.K. Report or L.E.K. Commentary may be circulated, quoted or reproduced for distribution outside the Client’s organisation without the 
prior written approval of a Partner of L.E.K.; 

- the analysis contained in the L.E.K. Report and any L.E.K. Commentary are subject to the key assumptions, further qualifications and limitations included 
in the Engagement Letter and the L.E.K. Report and L.E.K. Commentary, and are subject to significant uncertainties and contingencies, some of which, if 
not all, are outside the control of L.E.K.; and

- any L.E.K. Commentary accompanying the L.E.K. Report is an integral part of interpreting the L.E.K. Report. Consideration of the L.E.K. Report will be 
incomplete if it is reviewed in the absence of the L.E.K. Commentary and L.E.K. conclusions may be misinterpreted if the L.E.K. Report is reviewed in 
absence of the L.E.K. Commentary. The Recipient releases L.E.K. from any claims or liabilities arising from such an incomplete review; 

� L.E.K. is not responsible or liable in any way for any loss or damage incurred by any person or entity relying on the information in, and the Recipient 
unconditionally and irrevocably releases L.E.K. from liability for loss or damage of any kind whatsoever arising from, the L.E.K. Report or L.E.K. Commentary 
including without limitation judgements, opinions, hypotheses, views, forecasts or any other outputs therein and any interpretation, opinion or conclusion that the 
Recipient may form as a result of examining the L.E.K. Report or L.E.K. Commentary.  The L.E.K. Report and any L.E.K. Commentary may not be relied upon by 
the Recipient, and any use of, or reliance on that material is entirely at their own risk. L.E.K. shall have no liability for any loss or damage arising out of any such 
use. 

� The L.E.K. Report and L.E.K. Commentary are strictly confidential and for the sole benefit of the Client. No person other than the Client (and the employees, 
partners, and officers of, and professional advisers to, the Client) or a Recipient (who has agreed to be bound the terms herein) may access the L.E.K. Report or 
L.E.K. Commentary or any part thereof. The Recipient undertakes to keep the L.E.K. Report and L.E.K. Commentary confidential and shall not disclose either the 
L.E.K. Report or L.E.K. Commentary or any part thereof to any other person without the prior written permission of a Partner of L.E.K.
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The current and emerging initiatives that were asse ssed under each of the four 
key pillars were as follows

Infrastructure
1

Vehicle technologies
2

ITS technologies
3

Customer interface
4

• Flexible stop design

• Dedicated right of way

• Advanced bus stop 

design

• Amenity, internal 

configuration

• Advanced shape

• Propulsion systems

• Guided busway

• Guided docking

• Platooning

• Autonomous vehicles

• Automatic vehicle 

location

• Intelligent priority 

signalling

• Fleet management 

systems

• Data analytics –

payments, journey, traffic

• Dynamic scheduling

• Customer experience

• Connectivity
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B

C

D
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These initiatives were investigated leveraging a va riety of secondary sources…

Infrastructure
1

Vehicle technologies
2

ITS technologies
3

Customer interface
4

• Adelaide Metro
• Auckland Transport
• BRTdata.org
• chinabrt.org
• Contractor Magazine
• Da Nang City Master Plan
• Downer
• fareastbrt.com
• Government of South Australia, 

Department of Planning, Transport 
and Infrastructure

• Institute for Transportation & 
development Policy Bus Rapid 
Transit Planning Guide 

• Let’s Think Ahead blog
• Nokia Innovation Report
• NZTA
• Renew Economy
• Sinclair Knight Merz
• The Atlantic
• Uniservices

• Adelaide City 
Council

• Adelaide Metro
• Ardila & Rodriguez
• Arup
• Atlanta Business 

Chronicle
• Auckland Transport
• Australian Bus & 

Coach
• Auto Blog
• Barclays Research
• BestMile
• BRTdata.org
• Bus and Coach
• Business Insider 

Australia
• BYD
• Cambridgeshire City 

Council
• Car Postal
• Cleantechnica.com
• Daimler
• Ericsson
• European Bus 

System of the Future 
• European Truck 

Platooning 
Challenge 

• GA Followers
• Government of 

South Australia, 
Department of 
Planning, Transport 
and Infrastructure

• Information Week
• IWK
• Jacobs

• Kontron
• Manufacturer 

websites
• National Business 

Review
• National Center for 

Transit Research
• News Atlas
• NZ Bus
• NZ Herald
• PRNewswire
• Proterra
• Renew Economy
• SAE International
• Scania
• Sydney Airport
• Sydney Buses
• The Guardian
• The Local
• Todayonline.com
• Transit Cooperative 

Highway Research 
Program

• Transport 
Metrololitans de 
Barcelona

• Uniservices
• US Department of 

Transportation
• Van Hool
• Vehicle 

Technologies
• Volvo Bus
• World Resources 

Institute 
• Wright Bus
• ZeEUS website
• Grutter Consulting

• Analytics magazine
• Beeline Singapore
• Commonwealth Scientific and 

Industrial Research Organisation 
(CSIRO) website

• Cubic
• Demand Responsive Transport 

website
• Dublin City Council
• GMV
• Greenman-Pedersen
• Init
• ITS Review
• Land Transport Authority 

(Singapore)
• Metropolitan Transportation 

Authority (New York)
• MIT SENSEable City Lab
• NextBus
• NYC Department of Transport
• OECD
• Queensland Government
• Software vendor websites
• Streetsblog NYC
• Tokyo University On Demand Bus 

Research Team
• Transperth
• Transport for London
• Transport Simulation Systems
• US Department of Transportation

• Bay Area Rapid Transit (BART)
• Beeline Singapore
• IT News
• ITS Finland
• ITS International
• IVU company website
• Land Transport Authority, 

Singapore
• MasterCard
• Microtransit provider websites
• Passengertransport.co.uk
• Queensland Government
• San Francisco Chronicle
• San Francisco’s County 

Transportation Authority (SFCTA)
• Siemens
• Telegraph UK
• Tokyo University On Demand Bus 

Research Team
• Transport agency websites
• Transport for London
• Uniservices
• Van Hool
• World Bank
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… as well as interviews conducted with 26 industry e xperts across 11 countries 
(1 of 3)

Interviewee

Pillar Initiative Organisation Geography Position Notes

Infrastructure

A
Flexible stop 
design

International experts within the team have provided inputB
Dedicated right of 
way

C
Advanced bus 
stop design

Vehicle 
technologies

A
Amenity, internal 
configuration Van Hool Belgium Manager, Public Transport

Also relevant for 
‘customer experience’

B Advanced shape

C
Propulsion 
systems

NZ Bus New Zealand
CEO
General Manager, Strategy

Adelaide City Council Australia Sustainability Advisor

Brighsun Australia CEO

AVASS Australia Commercial Manager

Scania Hong Kong
Head of Sustainable Transport 
Solutions

Also relevant for 
‘autonomous vehicles’

Volvo Bus Australia and Singapore
Vice President, Asia Pacific
Commercial Director, Asia Pacific

Also relevant for 
‘autonomous vehicles’

D Guided busway Adelaide City Council Australia Senior Transport Planner

E Guided docking International experts within the team have provided input

F Platooning RDW Netherlands Senior Advisor, Strategy

G
Autonomous 
vehicles

BestMile Switzerland Chief Science Officer & Founder

Daimler / Mercedes-Benz Germany Manager Transport Planning
Also relevant for
‘propulsion systems’
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… as well as interviews conducted with 26 industry e xperts across 11 countries 
(2 of 3)

Interviewee

Pillar Initiative Organisation Geography Position Notes

ITS technologies

A
Automatic 
vehicle location

Automatic vehicle location (AVL) systems are a prerequisite for the following ITS initiatives. International experts within the team have 
provided input

B
Intelligent priority 
signalling 

Dublin City Council Ireland Senior Executive, ITS

C
Fleet 
management 
systems

Cubic Australia NextBus Product Manager
Also included under 
‘dynamic scheduling’

D
Data analytics –
payments, 
journey, traffic

Dublin City Council Ireland Senior Executive, ITS

Dublin City Council Ireland
Head of Technical Services, 
Roads and Traffic Department

E
Dynamic 
scheduling

Cubic Australia NextBus Product Manager
Also included under ‘fleet 
management systems’



7

… as well as interviews conducted with 26 industry e xperts across 11 countries 
(3 of 3)

Interviewee

Pillar Initiative Organisation Geography Position Notes

Customer 
interface

A
Customer 
experience

IVU Transport Technologies Germany
Director, Business Development, 
Asia-Pacific 

Bay Area Rapid Transit USA Principal Planner

LTA Singapore Singapore Director, Fare Systems

B Connectivity TransLink Australia DRT Project Director

General

Siemens Australia & New Zealand

Head of Business Development
& Strategy, Mobility Division
Business Development, 
Intelligent Traffic Systems, 
Mobility Division 
Executive Manager Industry, 
New Zealand

University College London UK PhD candidate

University College London UK Chair Engineering Policy
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Detailed overview of advanced bus initiatives: Infra structure

Infrastructure
1

Vehicle technologies
2

ITS technologies
3

Customer interface
4

• Flexible stop design

• Dedicated right of way

• Advanced bus stop 

design

• Amenity, internal 

configuration

• Advanced shape

• Propulsion systems

• Guided busway

• Guided docking

• Platooning

• Autonomous vehicles

• Automatic vehicle 

location

• Intelligent priority 

signalling

• Fleet management 

systems

• Data analytics –

payments, journey, traffic

• Dynamic scheduling

• Customer experience

• Connectivity
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Flexible stop design

Flexible stop locations can provide single station facilities serving buses in both 
directions 

Overview

A

� In general, a median right of way alignment and central stations is preferable if a high level of service is required from the facility. It eliminates 
conflicts with left-turning vehicles and bicycles, gives exclusive signal phasing for transit vehicles, and it breaks up wide streets in a way that can 
dramatically improve pedestrian crossings. It is for most of these reasons Asia has developed most if not all of it’s BRT with central median boarding 
and that virtually all transit (both trams and buses) in the Netherlands also operate in the centre of the street

� From a World Bank design guide, the definition of BRT and the five key components of the 
system are as follows:

- dedicated right of way – transit ways greatly increase speed and reduce travel 
time

- central median stations provide seamless, covered connections to 
vehicles

- vehicles - multiple doors for entry and exit, ‘dock’ with the station, clean propulsion 
systems

- service - BRT provides frequent headway, all day service 
- Intelligent Transport Systems (ITS) - BRT uses automatic vehicle locations, traffic 

signals priority, vehicle arrival information and SMART ticketing for 
off and on-board ticketing

� Median versus kerbside stations – the benefits of more affordable central stops are that there are single station facilities serving the bus services in 
both directions, while the issue of getting passengers to the centre of the road is addressed via using ‘protected’ pedestrian phases at the existing / 
proposed traffic signal intersections

� Median ‘stations’ and boarding for passengers from the median will provide enhanced options with level access boarding / alighting and infrastructure 
that can provide enhanced reliability and operational / management functions for service planning

Source: L.E.K. research and team expert interviews; Institute for Transportation & Development Policy, Bus Rapid Transit Planning Guide 

1
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The BRT system in Mexico City is c.80km in length a nd incorporates different 
cross sections and vehicles

Case study

Mexico City, Mexico 

� Mexico City is a metropolitan with a 
population of 21m, the largest of any city 
in the western hemisphere. Over the last 
decade, Mexico City has supplemented 
its subway by developing one of the 
world's leading Bus Rapid Transit 
networks, the Metrobús system, which 
debuted on Avenida de los Insurgentes 
in 2005

� The sixth route opened in mid-January 
2016, and a seventh line is slated for 
completion later this year

� The total length of the system is 81.5km 

� The central median stations have 
900mm platform height and off-board 
ticketing 

� The fleet consists of of 301 special BRT 
buses: (12 x 25m bi-artic; 235 x 18m 
artic and 54 x 12m)

Flexible stop designA

Source: L.E.K. research; BRTdata.org

Median centre platform, high demand (entrance view) Low footprint side platform station, low demand

Low floor, low capacity bus, low volume routeMedian centre platform, high demand (street view)

1
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1

Flexible stop designA

Flexible stop locations can be cost effective and i nclude provision for improved 
amenity and function

Potential benefits vs. costs

� The introduction of central median stations would provide for reduced space requirements in the corridors due to efficient and cost effective use of 
platform space for dual destinations served by a single station (reduced by efficient use of a combined 5m wide station). This equally provides 
efficient and cost effective use of equipment at the stations as there is no need for duplications

� Technology within the stations would provide for improved amenity, function and overall quality of facility that may indeed mean a perception change 
for many in relation to bus transport within the city. This is supported by that fact that stops become easily identifiable with increased legibility due to 
central locations. Often these stations may include a station identifier and iconic branding that signifies the high quality network corridor

� Bus Rapid Transit (BRT) with a central station provision delivers fast, comfortable, and cost-effective services at metro-level capacities. Ticketing for 
the central stations would be provided as a ‘closed system’ and ensures minimised bus boarding and lighting times due to off board ticket validation

� Central stations need to be located close to existing traffic signal controlled intersections to enable passenger access; this ensures that passengers 
turned pedestrians can safely access their destination

� Reallocation of kerb space for central stations enhances the existing footpath environment and function as the visual amenity can be radically 
improved for the active edge of commercial and retail areas in CBD and suburban areas. This is achieved through the removal of significant levels of 
street clutter associated with more traditional bus stops

� Provides level boarding for all passengers which cannot be easily achieved and provided for by kerbside stops. Without such provision the 
accessibility of all passengers would rely upon on-board equipment for disabled boarding and alighting with considerable increases in dwell times

Source: L.E.K. research and team expert interviews
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Flexible stop design can create a more effective bo arding / alighting for 
passengers whilst making most effective use of the respective environment 

Source: L.E.K. research and team expert interviews

1

Flexible stop designA

� Central stations to be located close to existing traffic signal controlled intersections to enable passenger access

� Central station locations facilitate space requirement reductions by efficient use of a combined 3.0-5.0m wide station

� Split / offset / side platform stations can provide for minimised impact in width constrained locations along the 
corridor 

� Stations become easily identifiable with increased legibility due to branding and iconic design

� Stations provide level boarding with little or no gap for all passengers

� Ticketing at stations ensures minimised bus boarding and alighting times by providing off-board ticket validation

� Specialised vehicles required for central platform stations (e.g. doors on both sides)

� Possible issue of increased conflict points between passengers and vehicles for central boarding requires mitigation 
through management of pedestrians at the key intersections

� Only specialised bus vehicles can stop at central platform stations but other buses could still avail of the running way 
on an express basis

� Coordination of the use of flexible locations and dedicated rights of way ensure that the capacity for the system can 
be delivered for peak loading locations along the ABS corridor

Key considerations

Description: Corridor station locations optimised t o meet demand and amenity requirements
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Dedicated right of way

Buses that travel along a dedicated right of way av oid traffic congestion

Overview

B

� An extract from the NZTA National Land Transport Plan 2015 – 2018 states that ‘people using public transport on 
high-quality public transport services with a dedicated right of way, like the Auckland Northern Busway or 
metropolitan rail networks, can now enjoy fast, efficient journeys on comfortable modern buses and electric trains, 
while freeing up road space for other people and freight’

� As previously stated, a BRT system generally has specialised design, services and infrastructure to improve system 
quality and remove the typical causes of delay. Sometimes described as a ‘surface subway’, BRT aims to combine 
the capacity and speed of a metro with the flexibility, lower cost and simplicity of a bus system. To be considered 
BRT, buses should operate for a significant part of their journey (if not the entire journey) within a fully dedicated right 
of way to avoid traffic congestion

� The fully dedicated right of way provides for ‘bus-only lanes’ to make for faster travel and ensure that buses are not 
delayed by mixed traffic congestion

� Dedicated right of way requirements include:

- dedicated BRT with high-frequency services, limited stop service with pre-boarding fare payment and high-
amenity stations and faster travel because buses are not delayed by traffic congestion

- the right of way may be concrete throughout or at the stations (including deceleration zone) to minimise the 
costs

- dedicated lanes for BRT lane configurations in road right of way can be centre running lanes or kerb side 
running lanes

- enforcement is important to ensure the effectiveness of the facility and can be managed through enforcement 
cameras on street and on-board the buses as well as through manual interventions

Jakarta, Indonesia

Oxford, England

Mexico City, Mexico

Source: L.E.K. research and team expert interviews; NZTA; Da Nang City Master Plan

1
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The BRT system in Guangzhou, China has a high daily capacity, second only to 
the TransMilenio BRT system in Bogota

Case studies

Guangzhou, China

� Guangzhou Bus Rapid Transit first opened in February 2010

� It has a peak passenger flow of 26,900pphpd (second only to the 
TransMilenio BRT system in Bogota)

� This rapid transit system contains the world's longest BRT stations 
at c.260m (including bridges) with bus volumes of one bus every 
10 seconds or 350 buses per hour in a single direction. The BRT 
system has two new lines and two extensions planned for 2020

� The system averages 850,000 passengers per day, and together 
with TransMilenio is the only BRT system worldwide to carry more 
than 25,000pphpd

Dedicated right of wayB

Source: L.E.K. research and team expert interviews; chinabrt.org

Amsterdam, Netherlands

� The Zuidtangent busway in 
Haarlem, Amsterdam is a 
suburban tangential BRT line 
that links the Metro and 
commuter rail system through 
Schiphol Airport

� The system is made up of three 
segments, totalling c.24km in 
length, including dedicated right 
of way along part of this length 

Pittsburgh, US

� The Pittsburgh MLK busway utilises a repurposed rail alignment

1
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Dedicated right of wayB

Providing a dedicated right of way allows the bus m ode to stay clear of 
interacting with private vehicles along the corrido r

Potential benefits vs. costs

� Provision of dedicated right of way for advanced bus option is the only way that the outcome can be comparable with other options that define the 
corridor as a dedicated mass transit route. Without the dedicated right of way the BRT or advanced bus mode would interact with private vehicles 
along corridor and be subject to the same delays and congestion that occurs in the peak and off-peak periods

� The control of the dedicated lane enables bus priority measures to be fully implemented at all traffic signal intersections; and allows for the additional 
option of lane enforcement at the stoplines – as no other mode would be able to achieve a ‘green’ signal phase from this lane. Management or active 
management of the lane can therefore ensure that the dedicated facility is always protected for the benefits of the public transport user

� The reduction in road space for private modes will mean an impact for the corridor capacity; however, this can be offset against the significant 
benefits of achieving a dedicated public transport corridor. This said, the overall person capacity for the corridor may well increase significantly as 
the public transport modes deliver much higher passenger per vehicle values

� The reality is that there may be some increase in costs due to requirement of concrete pavement versus the existing situation for public transport on 
the corridor, but feasibly all options would require such works i.e. kerbside bus stops

� Designs to date for most BRT with central median stations and dedicated rights of way have necessitated the inclusion of mountable lane separators 
that stop vehicles entering the BRT lane, but allows the potential issues of broken down vehicles to be offset as the bus can exit the lane across the 
mountable lane separator. If the dedicated lanes, beyond the stations, are parallel and have no median barrier then the facilitation of passing on the 
corridor is feasible. The reality is that this may never be a requirement and merely provides for additional levels of safety / efficiency in case of 
breakdown

Source: L.E.K. research and team expert interviews

1
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Dedicated travel lanes help transform bus networks into dedicated mass transit 
routes by minimising conflict with other modes of t ransport

Dedicated right of wayB

� Comparable with other options that define the corridor as a dedicated mass transit route

� Minimises conflict with other modes of traffic and therefore improves travel time and travel time reliability

� A façade to façade approach can be taken to improve urban amenity and pedestrian facilities 

� Dedicated lane provides for bus priority and dedicated bus priority at all traffic signal intersections (existing or 
proposed)

� Introduction of the right of way may impact upon corridor capacity for other modes and may change the 
characteristics of that corridor

� Increased costs due to requirement of concrete pavement (feasibly all options would require such works) but these 
might be mitigated by only providing concrete pavements at the station locations

� Potential issues of broken down vehicles require mountable lane separator in the instances of single lane rights of 
way through the station sections

� Outside of the station locations, a median ABS solution enables passing opportunities

� There is the potential to include both enforcement solutions and dynamic lane tolling as part of the dedicated travel 
lanes initiative

Key considerations

Description: Improved priority and therefore service  reliability 

1

Source: L.E.K. research and team expert interviews
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Advanced bus stop design

The traditional bus stop design can be challenged w hen designing an advanced 
bus system to incorporate efficiency improvements

1

Overview

C

Source: L.E.K. research and team expert interviews; brtdata.org; fareastbrt.com

� Introducing an advanced bus system allows for the opportunity to design unique, efficient and functional bus stops that are comfortable for users and 
also give the advanced bus system an identity that aligns with that of the city

� The following principles apply to advanced bus system station design:

- stations are configured to support efficient boarding and alighting. This is achieved through providing an environment where ticketing is 
controlled upon access to the station and where buses can dock with the stations using sensors, allowing passengers to board / alight via two 
sets of double doors (or more depending of vehicle dimensions as 18m and 24m vehicles have three to four double doors)

- real-time passenger information and platform assignment provides for high throughput of passengers and manages the feasibility of multiple 
routes accessing the stations

- the stations are to be recognisable as part of a system as a whole. This is achieved through station design and branding, which provides 
expression of local character within an identifiable advanced bus system

- the stations will provide a safe and secure environment. This is achieved through visibility of the stations within their wider context, together 
with CCTV and help points

- the station design will be modular, which allows the station to be organised to suit a range of locations and demands

China Viva BRT, Ontario
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Advanced bus stop design

A consortium in Auckland trialled a ‘Smart Shelter’  in 2015 that utilised ultra-
broadband connections 

1

C

Source: L.E.K. research; Downer; Contractor magazine; Nokia Innovation Report

The Smart Shelter, Auckland

� A market trial of new, modern shelters with ultra-broadband connections was recently performed in Auckland, New Zealand by an Auckland 
consortium of companies, including: Chorus, Downer, Nokia and Solta 

� Based on overseas examples (e.g. Chicago, US) where ownership of the shelters was outsourced to advertising companies, it was realised that 
shelters equipped with ultra-broadband connections can come alive, improve user experiences and enable business opportunities

� A market trial of the shelter began in August 2015 in Auckland and consisted of the elements listed in the diagram below

� A user survey was carried out by the Auckland University of Technology: 

Case studies

- c.91% of users found the interactive display very useful
- c.26% viewed bus routes / maps, c.18% viewed weather, c.16% viewed news, c.13% viewed local information & c.19% viewed advertising
- when asked about future additions, c.85% of users would like WiFi, CCTV would make c.75% of users feel safer and c.44% of users would like 

to be able to transfer information from the interactive display to their mobiles

� As part of the project, potential business models were envisaged:

- traditionally, the transit authority owns the shelter and 
receives revenue from an advertiser

- mobile service providers can be charged to mount their 
equipment on the shelter to cover increased demand

- the advertising model can become dynamic, interactive and 
targeted, leading to third parties potentially owning and 
managing the shelters

- additional sensors and can be mounted by the owner to 
collect data or for a third party collect data (at a fee)
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Advanced bus stop design

The traditional bus stop design can be challenged, aligning the whole system 
with the image of the city that it serves 

1

C

Source: L.E.K. research; Renew Economy; Let’s Think Ahead Blog; Auckland Transport; The Atlantic

Auckland’s City Rail Link (CRL)

� The urban design concept for the CRL includes stations that are 
developed within an overarching principle of ecology where the 
stations reflect local culture, context and future city aspirations

� Each station is designed with a unique ‘personality’ – an identity 
that is developed from entrances through to platforms

- for example, the Karangahape Station’s Beresford Square 
entry canopy references the mana whenua narrative of Hape 
and his arrival to Auckland by stingray, while below ground 
horizontal banding of modular cladding mimics its local 
geology of sandstone, siltstone and mudstone 

� The identity and integration of the stations into their local precincts 
will reinforce both their existing identities and a more pedestrian-
focussed public realm

� The principles of Crime Prevention through Environmental Design 
(CPTED) will be incorporated into the CRL station designs

Station Diderot, Paris

� Paris based Design Urbain is intent on re-imagining the bus 
station by using clever design, with the aim of increasing public 
transport patronage

� They believe that in an era in which train stations and Airports are 
pleasant hubs of transportation, it is time he bus station evolves

� The experimental ‘Station Diderot’ was piloted by the RATP – the 
dominant transit agency in Paris in 2012 – to be a multi-purpose 
public space, covering 80 square metres

� The ‘bus stop of the future’ included facilities for passengers to 
charge their phones, purchase a coffee, listen to music, borrow a 
book or even rent a bike 

Case studies (cont.)



20

Advanced bus stop designC

An advanced bus stop design will provide a sense of  place and enable 
maximum efficiency and effectiveness of the system 

Potential benefits vs. costs

� Advanced bus stations play a key role in defining the system and in the system’s performance. An advanced bus station will create a sense of place 
within the community, encouraging development and other activities to occur near the station and internally will provide technology and function that 
enables the maximum efficiency and effectiveness of the system. It can: 

- attract new ridership and promote visibility and facilitate the creation of a strong brand for the system

- provide shelter from the weather and ensure safe accessibility for all; whilst also providing passengers with a safe and secure environment by 
including such items as CCTV cameras and help points

- provide users with real-time passenger Information, including system maps and real-time arrival information. This is conveyed through a 
series of digital screen and public address systems installed in the station and allows users to access this information from their own devices

- enable passengers to board through multiple wide and automatic doors that are linked to the operation of the vehicle doors to minimise delay 

- minimise waiting time for passengers through enhanced provision of information and increased service frequency

- enable level boarding by matching platform height with vehicle floor height and precise docking at designated the platform doors

- enable passengers to pay their fares before boarding using off-board fare payment equipment

- ensure easy connections with other modes of transportation; which may include integration with ‘park and ride’ facilities in appropriate and 
convenient locations in the outer sections of the system

� Overall, the advantages of advanced stations are that they are attractive, convey permanence and can provide more substantial passenger 
amenities than those found in standard or even enhanced bus stops. They also offer higher capacity than standard or enhanced stops and are easy 
for passengers to identify and locate in a street environment

� The costs associated with the delivery of advanced stations are mainly in the infrastructure and provision of equipment; particularly in a system that 
is in Auckland's case 25km long – which therefore may require two terminals and up to 35-40 stations. The other potential issues are related to the 
requirement of space to accommodate these advanced features, although advanced bus options would require less space than other options

Source: L.E.K. research and team expert interviews

1
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Advanced bus stops provide significant enhancements  from traditional stops, 
and can improve customer satisfaction as well as pr ovide a sense of place

Source: L.E.K. research and team expert interviews

Advanced bus stop designC

� Potential for improved customer satisfaction

� Potential to improve sense of purpose / place

� Visual aesthetic through architectural design of the facility and iconic branding that signifies the high quality network corridor

� Integration with other modes

� Potential for induced demand through perception change for many in relation to bus transport 

� Improved comfort & increased safety and security (e.g. CCTV and help points) 

� Incorporation with other technologies (e.g. off-board ticketing, Real-Time Passenger Information)

� Needs to appeal to a wide audience

� Requires sufficient space to deliver the service requirements

� Technology costs for equipment and fibre optic cable / communication network 

� Provides significant enhancements from traditional stops

Key considerations

Description: The traditional bus stop design can be challenged

1
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Detailed overview of advanced bus initiatives: Vehic le technologies

Infrastructure
1

Vehicle technologies
2

ITS technologies
3

Customer interface
4

• Flexible stop design

• Dedicated right of way

• Advanced bus stop 

design

• Amenity, internal 

configuration

• Advanced shape

• Propulsion systems

• Guided busway

• Guided docking

• Platooning

• Autonomous vehicles

• Automatic vehicle 

location

• Intelligent priority 

signalling

• Fleet management 

systems

• Data analytics –

payments, journey, traffic

• Dynamic scheduling

• Customer experience

• Connectivity
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Amenity, internal configuration

The traditional internal bus design can be challeng ed to provide more amenity 
for passengers and to decrease dwell time at statio ns

2

Overview

A

Note: * Bus configurations based on the Van Hool ExquiCity and the allowable standing capacity per sqm inferred from ‘Compendium of Vehicles and Powertrain 
Systems for Bus Rapid Transit Service’ 

Source: L.E.K. research and team expert interviews; Van Hool; US Department of Transportation

� There is an opportunity for a redesigned internal configuration, improving passenger flow within the bus and also enabling fast boarding / alighting. The 
dwell time is affected by the following considerations:

- door design and operation
- ergonomics of passenger movement
- safety measures
- facilities for people with reduced mobility (e.g. ramps)

� Alternative configurations may also be used to alter the proportion of passengers standing vs. seated, leading to a potential increase in capacity

- for example, a bus with a maximum standing area of c.30sqm, and taking into account a standing capacity of four to six persons per sqm 
provides a total capacity of c.150 – c.210 passengers (if the number of seats is c.30)*

- this compares to a total capacity of c.140 – c.180 passengers when the same bus has a seated capacity of c.60 and a corresponding floor area 
of 20sqm* 

� Double-decker buses have been successfully introduced in Auckland and overseas, increasing the number of seats and potential bus capacity

- the upper deck is a considerably different experience for the passenger as everyone 
is seated so that there is no intrusion from standing passengers

- the passenger is seated c.2m higher than on a standard bus, providing a completely 
different view of the city

� There is an opportunity for buses to catch up with other modes of transport by providing 
extra amenity to users, including USB chargers, WiFi and useful travel information displays

� This is where customers spend the most of their time in a journey. This challenge is 
whether this is ‘dead time’ or whether they can use their time productively during the 
journey. The value added can exceed the fare paid for the trip Accessible boarding provision, Cape Town
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Amenity, internal configuration

Part of the vision for the Mercedes-Benz Future Bus is a redesigned passenger 
experience. Auckland have already introduced double -decker buses

2

A

Source: L.E.K. research and interviews; Daimler; Auckland Transport

Case studies

Mercedes-Benz Future Bus

� Mercedes-Benz in July 2016 piloted its ‘Future Bus’ in 
Amsterdam. Part of its vision is a redesigned passenger 
experience. The design takes its lead from public spaces such as 
squares and parks, and has nothing in common with the usual 
appearance of a city bus

� The bus has a low-floor design throughout and the interior of the 
bus is broken down into three distinct seating areas based on the 
intended length of travel. There is the ‘Service’ zone near the 
driver, near the doors in the middle is the ‘Express’ zone for short 
distances and mainly standing passengers. At the rear is the 
‘Lounge’ zone for those intending to stay longer on board

� In the lounge portion of the bus, riders can wirelessly charge their 
smartphones, as well as check information on large displays. The 
interior takes its lead from public spaces such as squares and 
parks with seating arranged along the walls in asymmetric groups

“… This technology makes public transport safer, more efficient and more 
productive. More people can travel from A to B quickly, punctually and in 
comfort…”

Wolfgang Bernhard, Head of Trucks & Buses, Daimler AG

� Double-decker buses introduced in to Auckland from 2015 not only 
add additional capacity (c.30% more than conventional buses) to 
the routes they travel on, but they provide extra amenity for 
passengers, such as USB chargers and better climate control

“… They will love the new buses which have USB chargers, better climate 
control and… great views …”

Bus Services Manager, Auckland Transport

� Auckland Transport states that regular buses take 70 passengers, 
whereas double-decker buses can take 100, leading to a corridor 
capacity improvement

� The Double-decker buses have proved successful in Auckland, 
with more being added to routes along Mt Eden road to 
complement those already operating on the Northern Express and 
on some services operated by Howick and Eastern. All up 
Auckland Transport plans to have 56 double-decker buses by the 
end of 2016

Auckland’s double-decker buses
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Amenity, internal configuration

Van Hool’s latest design challenges the traditional  internal bus design2

A

Source: L.E.K. research and interviews; Van Hool

Case studies (cont.)

Van Hool’s ExquiCity bus

� Van Hool is based in Belgium and produces c.1,250 buses and coaches a year. 80% of its total production is exported, mainly to Europe and the 
USA

� ExquiCity was designed by Van Hool in 2010 and it claims it offers a realistic solution to the demand for safer, greener, more efficient and economic 
urban transport by combining the flexibility of a bus with the comfort and the punctuality of a light railway.’ The idea was to make it as similar to a 
light rail as possible in terms of comfort, smoothness, and stylishness, but without the associated light rail costs

� Van Hool wanted to create a new standard in passenger comfort with a spacious and flexible interior layout, with the flow of passengers being very 
important for the operator. For this reason, the interior concept designs are flexible, with various seating and standing arrangements, but all with a 
consistent low floor design

� Van Hool supplies the ExquiCity bus to various operators in Europe: Italy, Switzerland, Germany, UK, Spain, France, Luxemburg, Sweden, Norway, 
French Antilles and Austria

� The ExquiCity 24m model has four double doors, allowing for efficient boarding and alighting

Internal design

Low floor design

• Seats 28
• floor area 30.5m²

• Seats 42
• floor area 26m²

• Seats 61
• floor area 19.4m²

Interior concepts – 24m bus (150 person capacity)
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Amenity, internal configuration

In Europe, bus trials have been carried out with ad aptable internal 
configurations

2

A

Source: L.E.K. research; European Bus of the Future

Case studies (cont.)

European Bus of the Future

� The European Bus System of the Future project is led by UTIP and the second phase of the project 
runs until 2018. Costing €12.4m, the project is aimed at developing a new generation of urban bus 
systems by means of new vehicle technologies, with the ambition to improve the ‘image of the bus’

� The first phase identified that the mobility needs of passengers needs to be considered, including, 
for example:

- lighting to guide boarding / alighting
- power sockets for passengers
- on-board real-time multi-modal passenger information 

� Variable seating arrangements and passenger flow were highlighted as key improvements that can 
be made to buses:

- in Sweden, by relocating the front axle further forward, Volvo was able to provide more seats 
in the front section of its bus, leading to the total capacity to increase by 25% (from 116 to 
147). The bus also had tip-up seats that could lock in peak periods to provide more standing 
room

- a MAN Lion City GL was fitted with a new generation of doors to allow for easier access at 
stops, while the passenger compartment was designed to allow the best possible passenger 
flow. Testing in Sweden led to the capacity increasing by 20% and dwell times to reduce by 
25%

� The second phase is aimed at testing the technologies in operating scenarios within several European bus networks. The demonstrations are 
currently being undertaken in 12 cities: Barcelona; Dresden; Gothenburg; Helsinki; London; Lyon; Madrid; Paris Area; Paris City; Ravenna; San 
Sebastia; and Stuttgart
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Amenity, internal configuration

Singapore has a successful track record of double-d ecker bus usage. Sydney is 
re-introducing double-decker buses

2

A

Source: L.E.K. research; todayonline.com; Australian Bus and Coach

Case studies (cont.)

Singapore double-decker buses

� On 31 August 2016, the Land Transport Authority (LTA) 
announced that 10 new MAN A95 double-decker buses were to hit 
the road. New features on the buses include:

- low floors, two staircases and three exits for easy boarding / 
alighting

- USB ports for passengers
- a new ‘lush green’ livery
- greater capacity than standard buses, with 85 seats (28 

lower deck and 57 upper deck). This is nearly twice the 43 
person capacity of a standard two-door bus

� According to LTA’s Group Director for Public Transport, the new 
features are aimed at addressing current feedback received 
through customer surveys

� In October 2016, a $24m contract 
for a fleet of 38 double-decker 
buses to service Sydney’s Northern 
Beaches was announced by the 
NSW Government

Sydney double-decker buses

� Each of these buses will have 86 seats, with standing room for 
15 people. This is much higher than other buses operated in 
Sydney, with standard two-door buses having a capacity of 43 
people, and articulated buses having a capacity of 64 people

� The buses are set to operate between the Northern Beaches of 
Sydney and the CBD late in 2017

� Additional features on these buses include individual, rather than 
bench seating with more leg room, charging stations for mobile 
devices and display screens so customers know if seats are 
available on the upper deck 

“… Raising the standard of bus travel by improving amenities and making it 
easier to interchange will encourage a shift from cars to public transport …”

Andrew Constance, NSW Minister for Transport 

� The buses are manufactured by MAN and the body was 
designed by Gemilang in Australia
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Amenity, internal configuration

There a variety of high capacity vehicles being use d in BRT systems around the 
world

2

A

Source: L.E.K. research and team expert interviews

Case studies (cont.)

High capacity BRT vehicles

Mexico City, Mexico (c.200+ capacity) Geneva, Switzerland (c.150 passenger capacity)

Bogota, Colombia (c.200+ capacity)Curitiba, Brazil (c.200+ capacity) 
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Amenity, internal configuration

Volvo Bus have developed example double-decker bus layouts that include 
three doors on the lower deck

2

A

Note: * Passenger numbers are based on Singapore weight regulations and may be different in New Zealand 
Source: L.E.K. research and interviews; Volvo Bus

Case studies (cont.)

Volvo double-decker bus concepts

Maximum Capacity* 

Off-peak Peak

Lower deck seats 28 25

Upper deck seats 55 55

Standees 49 54

Total 132 134

Maximum Capacity* 

Off-peak Peak

Lower deck seats 23 20

Upper deck seats 55 55

Standees 49 57

Total 127 132

� Volvo Bus have developed example double-decker bus layouts for the lower deck that include three doors, designed with the objective to increase 
passenger flow and to encourage movement towards the back of the bus
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Amenity, internal configurationA

Amenity and internal configuration are relatively l ow cost / low risk bus 
solutions that can improve patronage, customer sati sfaction, and capacity

Potential benefits vs. costs

� Amenity and internal configuration can drive customer satisfaction by providing a more comfortable travel option. These factors also have the ability to 
drive incremental patronage by creating a bus solution that appeals to a wider customer group – comfort and amenity factors are important for 
influencing certain groups (e.g. professionals) to travel on public transport

“… If you target to a larger audience, you should work to a comfort level of 4 persons per square metre. In Europe, they try to go to 8 persons per square meter – but then you only 
attract school kids…”

“… In Malmo, Sweden, we took our 24m ExquiCity on an existing line. After one year, passenger numbers were up 30% …”
Manager, Public Transport, Van Hool (Belgium), 2 November 2016

� Further benefits include:

- customisation to the internal configuration can create a better mix of seating and standing space, with the potential to increase capacity

- as well as being visually pleasing, customisation of the interior can occur to align with the city’s identity, and provide a sense of place / purpose

- low cost solution for providing a light rail level of comfort at only a fraction of the light rail price

“… A project in Martinique started intending to use tram, but switched to BRT, as it was lower than 50% of the cost budgeted for tram…” 
Manager, Public Transport, Van Hool (Belgium), 2 November 2016

� Potential risks to implementation are low, and include the fact that customers may not react well to the new configurations. However, similar 
configurations and bus interiors are being used in a number of jurisdictions throughout Europe and have performed well

� There are no major barriers to including amenity / advanced internal configuration items on an advanced bus solution

- however, throughput requirements should be considered when evaluating internal configuration. Despite being able to offer greater capacity 
than traditional buses, if capacity is over 5,000 passengers per hour, non-bus options may be a better investment

Source: L.E.K. research, interviews, and team expert interviews

2



31

Amenity, internal configuration

Amenity and internal configuration can improve patr onage, customer 
satisfaction, capacity, and overall journey quality2

A

Source: L.E.K. research and team expert interviews

� Addressing this initiative could provide a range of benefits including:

- customer satisfaction

- relatively low cost

- improved comfort

- potential for induced demand

- potential for vehicle capacity improvements

- visual aesthetic

- sense of purpose / place

� Requires social adoption of alternative internal configuration

� Needs to cater for a number of different trip types (incl. trips to / from Airport with luggage)

Key considerations

Description: Alternative internal configurations alo ng with passenger comfort and on-board features 

2
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Advanced shape

The traditional shape and exterior of buses can be challenged to improve 
functionality and to align the system with the city ’s identity 

Overview

B

Source: L.E.K. research and team expert interviews; Wright Bus; Van Hool; Daimler

� Introducing an advanced bus system and the opportunity to deploy new fleet allows for design of a unique and advanced bus shape and external 
design. Aligning bus design with a city’s identity is not common currently as authorities purchase vehicles directly from manufacturers 

� One concept is that of trying to bring the comfort experienced in light rail systems to bus design, providing a ‘Bus with High Level of Service’

� While aligning the bus design with a city’s identity may result in customers trying the system, they will ultimately judge the product by whether it meets 
their travel and comfort requirements. For this reason, an advanced bus shape may be more relevant for the decision-making stakeholders and 
opinion-makers and to tempt new users than for the regular customers 

Wright Bus StreetCar Van Hool ExquiCity bus

Mercedes-Benz Future Bus

2
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Advanced shape

Part of the vision for the Mercedes-Benz Future Bus is a redesigned exterior. 
Van Hool’s ExquiCity bus is used throughout Europe

B

Source: L.E.K. research; Daimler; Wright Bus; Van Hool

Case studies

Mercedes-Benz Future Bus

� Mercedes-Benz has recently 
piloted its ‘Future Bus’ in 
Amsterdam. Part of its vision is 
an exterior with ‘an extraordinary 
symbiosis of form and function’

StreetCar BRT

� Wright Bus has developed the ‘StreetCar 
BRT’ that attempts to transfer the key 
attributes and technologies of a rail 
service onto the road in an effort to 
attract transit riders away from their cars

Van Hool’s ExquiCity bus

� Van Hool claim that its design 
evokes a high level of quality, 
service and performance, with 
an appealing identity

� The 24m version has a capacity of 150 passengers 

� The design is based on a desire to appear more as a tram than a 
bus, as trams are generally associated with smoother, more 
comfortable journeys than buses

� Combined with off-board ticketing, the large double doors result in 
fast boarding and alighting, giving passengers direct access to a 
larger platform

� Van Hool often works with city designers to create a bus that fits 
visually with the city

� The Van Hool ExquiCity bus is used throughout Europe and 
available with various propulsion technologies: diesel-hybrid, 
compressed natural gas hybrid, trolley, fuel cell, battery electric, 
conductive and inductive 

Improved passenger flow

� The ‘radical’ design includes lights that change colour depending 
on the driving status of the bus, the design dispenses with exterior 
mirrors, the cladding panels are intentionally asymmetrical inspired 
by forms found in urban architecture and passengers enter via two 
double-width doors between the axles

� The design can accommodate up to 104 passengers, with the 
modular approach to the design allowing flexibility for customers to 
specific seating layouts. The bus is c.19m long

� This StreetCar is used for the Las Vegas BRT

2
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Advanced shapeB

Visual aesthetics, incremental patronage, and more efficient buses are some of 
the key benefits that could result from an advanced  shape solution

Potential benefits vs. costs

� One of the key benefits of advanced shape options are that you can greatly improve the visual aesthetic of both the bus, and of the surrounding city. 
Many cities place high value on this

“… Cities want to customise the appearance of their buses to be distinct from other cities…We work closely with city designers on this…If people come to Metz in France, they also 
take a picture of the buses…”

“… The bus should be part of the city. It should be something that can be seen, and not hidden underground like the metro…old buses, people wanted to hide them – they were a 
symbol of pollution and noise. The new vision is: pay a little bit more, but put the bus on the main street, and make it something that people want to see…”

“… There is no visual pollution with our buses. There are no rails in the ground, or wires in the air. Visually, this is a big advantage…”
Manager, Public Transport, Van Hool (Belgium), 2 November 2016

� The visual appearance of the bus may also influence customer behaviour and drive incremental patronage

“… Our buses are made to look like a tram. We want people to make that mental bridge immediately when they see our buses. We don’t want them to associate it with their old bus 
experiences – with bumpy rides, diesel pollution, and noise….We want to give the perception is that this is something new, and will give you a new experience…”

Manager, Public Transport, Van Hool (Belgium), 2 November 2016

� Exterior configuration, such as door selection and placement, can create efficiencies by reducing dwell time

“… A key aspect for buses is on boarding and off boarding of the passengers. That’s why we have four big doors, and also why they moved the first axle to be in front of the first door. 
This means you avoid people paying for tickets at the driver, who slow down the system…”

Manager, Public Transport, Van Hool (Belgium), 2 November 2016

� ‘There are no serious barriers to or risks with adopting advanced bus shapes. A potential downside to note would be that it may be difficult to develop 
a design that appeals to everyone

Source: L.E.K. research, interviews, and team expert interviews

2
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Advanced shape

Advanced bus shape design can create visual amenity  improvements, whilst 
also driving incremental patronage by changing perc eptions towards buses

B

Source: L.E.K. research and team expert interviews

� Addressing this initiative could provide a range of benefits including:

- visual aesthetic

- sense of purpose / place

- potential for induced demand

- time savings resulting from lower dwell times

- proven constructability

� Assists in re-imagining the public’s perception of bus as an attractive mode of transport

� Requires social adoption of alternative internal configuration

� Needs to cater for a number of different trip types (incl. trips to / from Airport with luggage)

� Needs to appeal to a wide audience

� More important for stakeholders, decision makers and for non-users than for the regular customers who will use the bus. Regular 
customers will, for the most part, judge the product by whether it meets their travel and comfort requirements

� Advanced shape as a standalone solution is unlikely to provide many benefits. If the idea is to provide a light-rail like experience, the 
network infrastructure and roading will need to accommodate this

Key considerations

Description: The traditional exterior bus design can  be challenged

2
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Propulsion systems

There is high potential for electric buses to becom e standard vehicles for 
advanced bus systems

Overview

C

� Diesel (Euro IV, V and VI) is the most common fuel used for public transport, and it dominates because these vehicles are operationally efficient, cost 
effective and have significant infrastructure to support their operation

� Due to a growing concern for the environment, alternative propulsions systems have become more widely accepted as applicable for public 
transportation vehicles

- technology for hybrid diesel electric buses is established and reliable; however, battery electric buses may have a higher development 
potential, as indicated by the commitment to full electric buses by major manufacturers such as Mercedes-Benz, Scania and Volvo as well as 
smaller electric only providers like Proterra in the US and AVASS & Brighsun in Australia

- there is high potential for electric buses to become standard vehicles for advanced bus systems
- the current cost premium for electric vehicles is expected to fall in coming years 
- electric and hybrid-electric buses can be supplemented by ‘opportunity charging systems’ that provide automatic fast charging of batteries at 

stops. These re-charging units can provide a type of ‘dynamic charging’ (e.g. Barcelona)
- compressed natural gas is another alternative power source to diesel power and has been successfully implemented overseas in Australia, but 

mainly in continental Europe, where some major operators made significant investment in the 1990s
- newer fuel sources using hydrogen fuel cells have been trialled. Hybrid or electric buses have superseded this technology in most cases

� Countries in Europe are taking a leadership role when it comes to alternative propulsion systems, especially pure electric buses. This can be 
attributed to the strict emissions guidelines set by authorities and governments as the focus on reducing emissions is growing

� Recent announcements in New Zealand have already signalled the shift from diesel powered engines to electrification in the public transport bus fleet 
in New Zealand’s cities

- Infratil and NZ Bus announced a USD $30m deal in April 2016 with Wrightspeed Inc., founded by NZ born co-founder of Tesla, Ian Wright to 
supply ‘Route 500’ – range-extended plug in electric vehicle powertrains for introduction on buses in New Zealand cities

� In order to get the benefit from being ‘emissions free’ the buses need to use renewable energy sources

- New Zealand is poised as a world leader in renewable energy, with more than 70% of electricity coming from renewable sources
“… In terms of the energy source used, the only emissions benefit comes if you use renewable energy. Electric buses in New Zealand is almost a no brainer …”

Commercial Manager, AVASS (Australia), 25 October 2016

“… The perceived green power issue hasn’t really taken off in [Australia and New Zealand]… New Zealand has green power and it should be used more [for transport] …”
Business Development – Intelligent Traffic Systems, Siemens Mobility (Australia), 2 November 2016

Source: L.E.K. research, interviews, and team expert interviews; Uniservices; Sydney Buses; The Guardian; NZ Bus; Bus and Coach

2
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Propulsion systems

Adelaide introduced the world’s first solar electri c bus in early 2008

Case studies

C

Source: L.E.K. research and interviews; Adelaide City Council; Renew Economy

Tindo, the world’s first solar electric bus, Adelaide

� The Council claims that the buses have acceleration and hill climb equivalent to a diesel bus and that the propulsion system is virtually maintenance 
free

� The bus has been in operation longer than expected, clocking 180,000km on the road and has been well received, building confidence that electric 
buses can work

“… The Tindo has clocked 180,000km on the road… I only expected the bus to last three to four years, it has now been in operation since early 2008, far exceeding my 
expectations. [The Tindo] was very well received by the community, it has put the council on the map, building confidence that electric buses can work …”

Sustainability Advisor, Adelaide City Council (Australia), 24 October 2016

� There have been many advancements in the electric bus technology space since the introduction of the Tindo bus

“… We would now opt for lithium ion batteries if we had the opportunity. [A potential downside is that] the bus can only travel 160km [on one charge], compared to c.500km on a 
tank for a diesel bus. But as technology improves, this will become less important …”

Sustainability Advisor, Adelaide City Council (Australia), 24 October 2016

� On February 11 2008, the Adelaide City Council in South Australia introduced the world’s 
first electric solar bus that recharges using 100% solar energy on its free ‘City Connector 
Bus’ service

� The buses are recharged at the Adelaide Central Bus Station and have a range of 160-
200km between recharges under typical urban conditions, powered by Swiss-made Zebra 
batteries that are designed for long life and can be stored indefinitely fully charged

� The buses were commissioned from New Zealand company Designline International and 
have a capacity of 40 passengers (based on a 10.5m length) and offer air conditioning and 
free WiFi

2
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Propulsion systems

Electric buses have been adopted across the world, with manufacturers starting 
in Australia

Case studies (cont.)

C

Source: L.E.K. research; Auto Blog; Sydney Airport; PRNewswire; Business Insider Australia; cleantechnica.com; BYD

Other global electric bus examples

� Geneva is planning to add a dozen electric buses to its municipal 
service, contracting ABB to set up a ‘flash-charging’ network

� Sydney Airport has introduced the ‘Electric Blu’ bus as part of a 
$5m investment, replacing the Airport’s existing diesel bus fleet

� China is leading the way with electric bus production 

- the largest producer, BYD, reached sales levels of 6,000 
ebus units in 2015

- the ebus has either 12m or 18m long options

- the top speed that can be reached is 70km/h

- the BYD ebus adopts its internally-developed iron battery 
and can reach a range of 250km on a single full charge 

AVASS battery electric bus

Brighsun battery electric bus

� In October 2015, the Australian all-electric bus 
launched by Brighsun set the world record for the 
longest distance travelled by an electric bus on a 
single charge - 1,018km 

� AVASS is a Melbourne based electric vehicle 
manufacturer with a production facility in 
Avalon, Victoria

� Brighsun claims that the batteries in its City eBus will have a life of 
at least 15 years and will enable the bus to travel between 600-
800km on a single charge 

� It currently has a contract with the ATC government to provide 
three buses for a trial starting early next year and have also 
had some interest from multiple operators pitching to operate 
buses in Wellington 

� AVASS is also working on an advanced design that will go to 
market next year, although the batteries will be the same 
proprietary lithium ion product from China, which are the key to 
the long distance these buses are capable of achieving

Geneva’s flash 
charging buses

Sydney Airport’s 
Electric Blu Bus

Chinese 
BYD ebus

2
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Propulsion systems

This year, Scania announced a large delivery of hyb rid buses for Madrid. Sydney 
Buses uses c.250 Mercedes-Benz compressed natural ga s buses

Case studies (cont.)

C

Source: L.E.K. research and interviews; Renew economy; Sydney Buses; Proterra; Scania 

Proterra battery electric bus

� Proterra unveiled its new all-electric bus in September 2016 that 
can operate for 18 hours, or 350 miles under typical conditions, 
which Proterra claims means that its product is capable of 
servicing the full daily mileage needs of nearly every US mass 
transit route on a single charge

� The Proterra Catalyst E2 comes in two models – 10m or 12m, 
with a seated capacity of 28 and 40 passengers respectively, 
both with a top speed of c.105km/h. The first delivery of the new 
Proterra Catalyst will be arriving in California in early 2017

Compressed natural gas, Sydney Buses

� Sydney Buses operates 254 Mercedes-
Benz OC500LE buses, powered by 
Compressed Natural Gas (CNG) and these 
entered service between 2008 and 2011

� These buses are 12.5m long and have a 
seating capacity of 44 passengers

Recent Scania propulsion developments

� In May 2016, Scania announced that it is 
going to start delivering 51 hybridised Scania 
Citywide buses to Madrid as of June 2016

- the move was in part due to the fact 
that the City of Madrid has recently 
enforced tough temporary measures to 
tackle pollution and the transport 
authorities have required bus 
operators to gradually switch to 
greener technology

- Scania has acknowledged that many cities are waiting for 
the market to determine the feasibility of alternative 
propulsion systems

“… Many cities are cautiously examining the benefits of hybridisation 
but Madrid is now a leader in actually implementing alternative 
technology. These buses can help reduce [carbon dioxide] 
emissions…”

Klas Dahlberg, Head of Buses and Coaches

- energy storage is provided by a lithium-ion battery integrated 
in the roof structure at the front of the bus. Scania claims that 
the hybrid system together with a DC / DC converter, stop-
start function and eco-roll provides significant fuel savings

� At the SITCE conference in Singapore in October 2016, Scania 
suggested that it would start trials of full electric buses in 2019

2
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Propulsion systems

Volvo Bus plans to transition from diesel to electr ic propulsion systems in its 
city buses

Case studies (cont.)

C

Source: L.E.K. research and interviews

Recent Volvo Bus propulsion developments

� Volvo Bus admits that there is no single solution that suits every route in each city, but that the demand for silent, zero emission operation 
of public transport is increasing. Volvo Bus describes its journey from diesel to electric buses as a stepped approach

“… We see this as a stepped approach where there won’t be one size fits for all cities. We still see a role for diesel for years to come. The key thing we have 
spoken to cities and operators about is the consideration of trading off between range and capacity …”

Vice President, Volvo Bus Asia Pacific (Australia), November 16 2016

2

� Market ready now

� Silent take-off

� 40% lower emissions

� Improved passenger capacity

� Market ready in 2017

� 75% fuel and 60% energy 
reduction

� Electric drive 70% of route

� 75% CO2 reduction (with green 
electricity)

� Silent

� Charge at end stations

� Market ready in 2018

� 80% energy reduction

� 100% electric

� 100% CO2 reduction (with 
green electricity)

� Silent

� Charge at end stations

Hybrid Electric Hybrid Electric
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Propulsion systems

Volvo has recently announced the first UK order of its full electric bus and is set 
to premiere the B5LHC, its latest electric-hybrid d ouble-decker bus

Case studies (cont.)

C

Source: L.E.K. research; Volvo; Bus and Coach 

Recent Volvo Bus propulsion developments (cont.)

� Introduced in 2011, the Volvo 7900 is a single-decker hybrid electric bus, manufactured in Poland

- the Volvo 7900 is 12m long and has a passenger capacity of up to 95 persons (with 32 seats)

- the bus operates on a high-capacity lithium-ion battery and utilises Volvo’s ‘opportunity charging system’ 
that provides automatic fast charging of the batteries for up to six minutes. Globally, Volvo has 
agreements with Siemens and ABB to supply these re-charging units

“… The new Volvo B5LHC Electric Hybrid is an exciting addition to our city bus range, saving up to 75 per cent in diesel fuel cost 
compared to an equivalent diesel double-decker bus. We already have a proven pedigree here in the UK with more than 1,500 Volvo 
hybrid double-decker buses both in London and beyond, so this is another step along the road to further emission-free operation, with all 
the environmental and societal benefits that this can bring…”

Nick Page, Managing Director, Volvo Bus UK & Ireland

- Volvo states that the bus operates in electric mode for 70% of the route and benefits include low emissions, reduced 
noise and energy savings of up to 60%

� At the Euro Bus Expo, scheduled for early November 2016, Volvo will present a world premiere of its latest electric-hybrid 
double-decker bus, as well as confirming the first UK order of its full-electric single-deck buses 

- Harrogate in the UK is planning on introducing eight fully electric buses 7900E buses as well as opportunity charging 
infrastructure to service three short routes in the city. The buses are expected to be delivered in early 2018

- Volvo has announced that two of its new electric-hybrid double-decker B5LHC buses are due to go into service in 
London in 2017 as a trial that will also involve the introduction of roadside opportunity charging units. It is important 
to note that this is subject to getting approval from local planning authorities

- these buses have a capacity of 87, with 43 seats on the upper deck and 17 downstairs

2
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Propulsion systems

Volvo is operating an electric bus system in Gothen burg, Sweden with 10 of its 
electric and electric hybrid buses

Case studies (cont.)

C

Source: L.E.K. research and interviews

Volvo Hybrid trials

� Three independent studies have been carried out in 
Australia (Victoria, Sydney, Perth) and two in New 
Zealand (Auckland Airport and Wellington)

� In the most recent trial in Perth, the control vehicle was 
a Volvo B7RLE Euro five diesel vehicle that run on the 
same route at the same time with the same idle time and 
average speed. The results were as follows:

Volvo’s ElectriCity, Sweden

� Volvo states that ElectriCity is a collaboration between 
research, industry and society and that it focusses on 
developing, demonstrating and evaluating sustainable 
public transport solutions for the future

2

� Operating in the city of Gothenburg, Sweden, the route utilises three 
full electric and seven electric hybrid plug in buses and travels two 
universities and a science park 

� The buses are charged at overhead charging points for six minutes, 
which gives a 20km range. The buses carry the same number of 
passengers as the diesel equivalent

� Electricity for this system is provided by renewable sources and the 
buses are ‘geofenced’ ensuring electric operation only at specific 
points on the route 

“… In Sweden, they have wind and aquatic energy so it is quite similar to New 
Zealand. There are a number of stakeholders: the operator, manufacturer, the 
science park, universities, electricity companies and infrastructure providers…”

Vice President, Volvo Bus Asia Pacific (Australia), 
November 16 2016

� The major difference in the New 
Zealand trials compared to Australia 
was the climate. This resulted in less 
fuel consumption and increased time 
in full electric mode, which consistently 
reached 40% of the total drive time. 
Fuel savings amounted to 38.5% in 
Wellington and 39% in Auckland

B7RLE (diesel) B5RLEH (hybrid)

Fuel used (litres / 
100km)

64.9 49.2

Fuel outcome -24.2%

Auckland Airport trial 
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Propulsion systems

As part of the Zero Emission Urban Bus System proje ct, Barcelona has unveiled 
two battery electric articulated buses

Case studies (cont.)

C

Source: L.E.K. research and team expert interviews; ZeEUS website; Transports Metropolitans de Barcelona

ZeEUS

� The Zero Emission Urban Bus System (ZeEUS) funded by the European Union and coordinated by the International 
Association of Public Transport (UITP) consists of a set of intensive tests with electric buses or latest generation plug-
in hybrid vehicles that take place in 10 different cities to give a decisive boost to research and innovation in clean 
technologies applicable to public transport

� As part of the project, Barcelona deployed two electric articulated buses and an on route rapid-charging station in 
September 2016. The trial in Barcelona is being led by Transports Metropolitans de Barcelona (TMB) in partnership 
with manufacturers Irizar and Solaris and the energy company Endesa along with various other contributors

� The buses are 100% battery electric and are 18m in length with a capacity of 110 passengers. The opportunity charging system allows the bus to 
fill up to 80% of the vehicle’s battery, which always remains above 40%, within five to eight minutes. The rapid recharge allows for more compact 
batteries, reducing weight and increasing efficiency

2
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Propulsion systemsC

Using electric buses as an example, the cost for al ternative propulsion systems 
is higher than for conventional diesel buses, but t he operating costs are lower 

� The benefits of electric buses include the fact that they:

- are quieter than conventional diesel buses and provide a more comfortable ride for commuters 
- reduce emissions and pollution
- they require less operating expenditure than conventional buses

“… [Benefits include that] the buses are quieter, almost too quiet, not to mention the zero emissions. The bus has regenerative braking so that when it goes down hill, it 
charges. The batteries are also recyclable …”

Sustainability Advisor, Adelaide City Council (Australia), 24 October 2016

“… If you are commuting, the electric bus gives you a nicer ride, it doesn’t vibrate and it is less noisy. It is more like a tram or train where you can have a coffee or read a 
laptop. The operating costs [for an electric bus compared to a conventional diesel bus] are well below half. A direct comparison depends on the price of diesel versus 
electricity [at the time]. There is not much maintenance to do, there is no oil, plugs, cooling or exhaust systems…”

Commercial Manager, AVASS (Australia), 25 October 2016

� There are very few identified risks associated with electric buses, but they do need to be driven correctly to ensure that they are running efficiently (i.e. 
driver training is required)

“… Drivers need additional training, as the bus needs to be driven carefully to retain charge …”
Sustainability Advisor, Adelaide City Council (Australia), 24 October 2016

� The main barrier for widespread implementation is the limited travel distance capable on a single charge. However, improved battery technology is 
leading to improvements in the distance that can be covered by electric buses

“… At Brighsun, we have large [lithium ion] batteries that are very stable. Our system is built around batteries and regenerative braking that allows us to travel further than 
anyone else can. [We] can provide [operators] a vehicle that can travel 600-800km on a single charge …”

CEO, Brighsun (Australia), 25 October 2016

� The cost of implementation for an electric bus is relatively more expensive than a conventional diesel bus, but in the long term it may be more 
economical to use electric buses due to the lower operating expenditure required. The cost of charging stations must also be considered

“… [Electric vehicles] cost more, c.15-20% more than the equivalent diesel bus. We are quoting $650,000 per city bus and it is my understanding that a diesel Volvo or 
Mercedes-Benz costs between $450,000 – $500,000. I haven’t managed to work out the breakeven [time] but my rough estimate is somewhere between 3-5 years –
[electric buses] are significantly cheaper [than conventional buses to run]. There are a couple of other costs to be aware of – a charging station for a bus costs a one off 
$30,000 - $40,000 and there is a cost to upgrade the local transformer with the electricity provider …”

Commercial Manager, AVASS (Australia), 25 October 2016

Source: L.E.K. research, interviews, and team expert interviews

Potential benefits vs. costs

2
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Propulsion systemsC

A key benefit of Volvo electric and electric hybrid  buses are their ‘geofencing’ 
capabilities 

� The Volvo hybrid electric and electric buses can be ‘geofenced’ so that they operate in electric mode along certain sections of a route

“… Cities are becoming increasingly demanding in the way infrastructure is designed. Emissions free environments are important… cities are taking a greater interest in 
emissions around schools and hospitals for example and with electric vehicles, even if the vehicles are diesel or plug in electric, we can geofence so that we can limit the 
speed or turn the engine off in a specific area responding to what the city is actually looking for in that case …”

Vice President, Volvo Bus Asia Pacific (Australia), November 16 2016

� The Volvo hybrid electric and electric buses are designed so that they can replicate what the equivalent diesel bus would offer in terms of capacity and 
life time. A lot of other electric bus products try to achieve extended range but have to compromise with a lower passenger capacity as the batteries 
weigh more and take up more space

“… At Volvo we are accused of going quite slowly in this space and we are still the only European manufacturer that has even started this journey. We want the buses to last 
as long as the buses they are replacing so that there is no compromise in quality. The same principles of the diesel bus remain the same: the reliability of the driveline, 
the body life, the dealer. The way we get more range on the bus is by adding more batteries. The more batteries, the further we can go but the less passengers we can 
carry due to the additional weight. There are thousands of electric buses in the market but they are not all the same. Of everything we have seen, there is nothing that will 
last over 5-6 years …”

Vice President, Volvo Bus Asia Pacific (Australia), November 16 2016

� The biggest constraints for implementation of electric bus technology in New Zealand are government regulations in terms of weight and dimensions, 
as the buses inevitably weigh more and also the lack of incentives to move to electric as it is currently more expensive upfront

“… In terms of timing in New Zealand, it comes down to the support and incentives and of course the issue of affordability. In Europe, with all the tax exemptions and 
incentives, a hybrid bus is just as economical as a diesel bus so the operators do not need to think about it, financially for them there is no difference. [In New Zealand] 
the weight and dimension restrictions are the most unique that we see in the world and [electric hybrid double-decker buses] could not be implemented purely because of 
weight and dimensions [issues]. There is movement in this space but not enough to bring the restrictions in line with the rest of the world …”

Vice President, Volvo Bus Asia Pacific (Australia), November 16 2016

� Currently, electric buses do not breakeven, but battery technology is improving going forward. The operating costs are largely similar between diesel 
and hybrid electric / electric buses as the fuel savings largely offset the battery cost. The technology is increasingly affordable and the gap is closing 
between the technologies 

“… We see that the initial cost premium for hybrid buses being 15%. In an [independent] study in Perth, with the vehicle, batteries, fuel and maintenance, over the 15 years 
the cost difference was AUD $102,000. We are seeing the difference coming down as the battery life gets longer. The technology is there but there is still quite a cost 
gap. We are a little way away from breakeven because of the pricing perspective …”

Vice President, Volvo Bus Asia Pacific (Australia), November 16 2016

Source: L.E.K. research and interviews

Potential benefits vs. costs (cont.)

2
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Alternative propulsion systems offer a smoother, qu ieter, improved journey for 
customers as well as cost-savings for operators rel ative to standard buses

Propulsion systemsC

� Electric propulsion vehicles have relatively high capex compared to conventional diesel or hybrid diesel buses 

� Reduced opex due to decreased maintenance required and the lower cost of electricity compared to fuel 

� Improved environmental benefits through reduced emissions, noise reduction and associated health benefits with reduced 
particulate pollution

� Supports New Zealand’s position as a leader in renewable energy

� Electric propulsion allows more opportunities for 100% level floor, wide-aisle interiors

� Potential limited travel distance (current electric city bus technology allows for a travelling distance of 160km+ on a single 
charge). However, rapid charging technology can provide automatic, fast charging along the route and at termini

� There will likely need to be corresponding changes in the depot-side maintenance operations and training

� The additional costs of charging stations and costs associated with upgrading transformers must also be considered

� The trade-off between whether the ABS should be a high profile pioneer for new propulsion systems or if it is more prudent to 
let these technologies be trialled elsewhere on the network before using them on high intensity and high profile services

� With shorter vehicle replacement cycles, propulsion systems can be updated quickly to avail of market ready technology at 
more competitive prices; new buses can be brought into the fleet and mid-life BRT buses can migrate to other services

Key considerations

Description: Alternative propulsion systems includin g electric and hybrid buses

2

Source: L.E.K. research and team expert interviews
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Guided busway

Buses can be guided by optical systems, magnetic sy stems or can be used as 
part of a kerb-guided busway

Overview

D

Source: L.E.K. research; Uniservices

Optical

� Optical guidance sensors are used to guide buses along a route using road markings. The bus drivers have a special interface to monitor the 
guidance system and enable switchover from manual to guided operation. In some cases, this guidance system is only used for a short distance 
before and after each stop, to support ‘precision docking’ to improve accessibility 

Magnetic

� Advanced bus systems have the potential to operate by using magnets installed in the paving surface to guide the 
bus along fixed routes. Trials (and even implementation) to date have been largely unsuccessful

Kerb-guided

� Kerb-guided busways have been effective in providing a low cost alternative option, with safety and operating speed 
benefits

Phileas magnetically 
guided bus

O-Bahn kerb-guided busway

2
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Guided busway

The success of implementation for guided buses in a dvanced systems has been 
mixed

Case studies

D

Source: L.E.K. research; Uniservices; BRTdata.org; Adelaide Metro

System Length System type
Ridership 
(per day)

Installed Current status

K
er

b 
/ 

ph
ys

ic
al

Adelaide O-Bahn 12km
Segregated tracks, integrated with 
bus network

c.31,000 1986 In operation, expansions planned

Cambridgeshire Guided 
Busway

40km
25km of exclusive lanes, 15km 
mixed traffic flows

c.12,000 2011 In operation

O
pt

ic
al

TEOR, Rouen, France 38km
15km segregated lanes, integrated 
with existing LRT network

c.42,000 2001
Guidance used only for docking at stops; maintenance costs 
to keep roadway free of obstructions are prohibitive

Castellon, Spain 2km
Segregated lanes, integrated with 
bus network

c.3,200 2009 In operation 

Tango+ T1 Nimes, France 4.5km
Segregated lanes, integrated with
bus network

c.7,700 2012 In operation

Metropolitan Area 
Express, Las Vegas, US

63km 30km segregated lanes c.34,200 2004
Removed from service. Optical technology ill-suited to severe 
weather and dusty conditions

M
ag

ne
tic

Phileas Eindhoven, 
Netherlands

15km Integrated with bus network c.12,000 2004
Removed from service. Guidance system unreliable, 
manufacturer has halted development

Douai, France 34km Integrated with bus network c.1,800 2006
Removed from service, vehicles unreliable. Transit operator 
took legal action against manufacturer

Istanbul, Turkey 52km
50km segregated lanes, integrated 
with bus and rail network

c.750,000 2007
Removed from service, vehicles unreliable. Transit operator 
took legal action against manufacturer

2
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Guided busway

The O-Bahn guided busway in Adelaide has been in op eration for 30 years. 
Construction is currently underway for an extension  to the system

Case studies (cont.)

D

Source: L.E.K. research, interviews, and team expert interviews; Adelaide Metro; Uniservices; Government of South Australia, Department of Planning, Transport and 
Infrastructure

O-Bahn kerb-guided busway, Adelaide

� Kerb-guided busways have been effective in providing a low cost alternative to other options, with safety and 
operating speed benefits in addition to the benefit of requiring only a limited corridor width

� The Adelaide O-Bahn opened in 1986 as a segregated BRT and operates over a 12km length, carrying an 
estimated 31,000 passengers each weekday. The system runs a combination of rigid buses (total capacity of 70 –
75 passengers) and articulated buses (total capacity of 110 passengers) and in the peak these services run at a 
frequency of every two to three minutes, a daytime frequency of c.5 minutes and a night frequency of c.15 minutes

� There are current works to construct a tunnel to enable more reliable access to the city and reduce conflicts on the 
inner city ring road. The construction is planned to be completed in late 2017

� The primary objective of the O-Bahn City Access Project is to improve travel times and reliability, as well as the 
fact that there were space constraints when the system was developed due to its location in a linear park

“… One of the main reasons the O-Bahn was selected was that the corridor runs through a linear park with lots of bridges and 
rivers. The benefit of the O-Bahn and guided tracks is that the overall width is 6m – 6.5m, not even trams can get down to 
that [small] width…”

Senior Transport Planner, Adelaide City Council (Australia), 4 November 2016

� The O-Bahn guided busway was a simple, effective and durable technical solution. The ride quality on the 
Adelaide O-Bahn is still smooth, some 30 years after it opened

� There are three interchanges along the length of the system, and buses can switch seamlessly between busway 
running and regular street operations

- there is an upright kerb on either side of the track and a small wheel on the main front wheels that runs up 
against these kerbs

- these wheels almost fit perfectly along the tracks and so the vehicle is effectively self-guided
- once the driver has aligned the bus against a single right hand kerb, he / she approaches the section where 

the left kerb comes online and can let go of the steering wheel (although keeping close by in case there are 
any issues

Planned tunnel extension 

Current operations

Guide wheel

2
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Guided busway

The Cambridgeshire busway operates at a seven to ei ght minute frequency in 
the peak. The Siemens Optiguide system has experien ced reliability issues 

Case studies (cont.)

D

Source: L.E.K. research; BRT UK; Cambridgeshire City Council; Uniservices; Kontron 

Cambridgeshire guided busway, UK

� The Cambridgeshire guided busway was 
the longest in the world when it opened in 
2011, it now has 3m passengers using it 
every year

� The operator, Stagecoach has increased its 
fleet by 55% since the start of operations 
and services now operate at seven to eight 
minute frequency at peak times

� The Siemens Optiguide uses an optical system that that guides 
the vehicles path using road markings, at up to 40km/h 

� Because this technology requires full visibility of road markings, 
which may be obscured by snow, heavy rain, fog, dust or leaves, 
optical guidance is typically restricted to docking. Otherwise, the 
system will require a substantial amount of maintenance to keep 
the roadway clear of obstructions and reliability may become an 
issue

Siemens Optiguide system

� The Cambridge system only requires a modest modification to the 
vehicle, with small guide wheels attached

� The busway won the National Transport Award for Most Innovative 
Project in 2012

Red indicates 
sections that are 

guided, green 
indicates 

sections where 
the bus travels 

on normal roads

Rouen, France

� The Siemens Optiguide has been 
used for the Rouen Transport Est-
Ouest Rouennais (TEOR) in France 
since 2001

� The Siemens Optiguide was also 
implemented in Las Vegas in 2003 
but difficulties were experienced in 
keeping the road markings clean 
and visible in the hot and dusty 
desert environment 

- the transit agency found that bus drivers were able to 
manually steer the vehicles to their stops with adequate 
precision, and the Optiguide system was removed

Provided by:

2
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Guided buswayD

Kerb guided busways provide a range of benefits to the customer and operator, 
but there are some limitations

Potential benefits vs. costs

Source: L.E.K. research, interviews, and team expert interviews

� The benefits of a kerb-guided busway include:

- the corridor required is narrow and is well suited for constrained projects
- the operating speeds that can be achieved are high, which can lead to better fleet utilisation
- many buses can be retrofitted with a guided wheel and join the kerb-guided busway system. These guided wheels are relatively cheap to 

replace
- the system is flexible, so as demand increases, more services can be added to the busway 
- buses can join the busway at various entrances, allowing for a variety of single seat journeys from other parts of the bus network 

“… The benefit of the O-Bahn and guided tracks is that the overall width is c.6 – 6.5m… not even trams can get down to this [level of] closeness. It makes sense if you have 
a constrained space…”

Senior Transport Planner, Adelaide City Council (Australia), 4 November 2016

� The potential negative impacts or risks associated with a kerb-guided busway include:

- special training is required to use the busway
- a dedicated fleet is required for operation on the guided busway, as the buses require the guided wheels
- there is a slightly increased opex required compared to a conventional bus as the guided wheels need to be maintained
- there are potential issues with finding appropriate replacement vehicles at the end of the lifecycle of a fleet
- regular maintenance is required for the physical track, due to shifting and undulating of the track over time

“… There have been design changes [for buses] since the 1980s [when the O-Bahn was implemented], for example, previously articulated buses had engines in front. Now 
they have low floors and rear engines. When put on the track, there were vibration and noise issues, you cannot just have any vehicle run on the O-Bahn track…”

Senior Transport Planner, Adelaide City Council (Australia), 4 November 2016

� The potential barriers to implementation for a kerb-guided busway include:

- it is difficult to provide crossings for other vehicles and pedestrians along the corridor due to the high speed nature of the system
- the capital cost is greater than for a standard road way
- a kerb guided busway is a harder sell than other mass transit options as it does not provide high urban design qualities
- kerb guided busways would not necessarily be a wise implementation decision for corridors with traffic lights and regular stops as the benefits 

associated with increased operating speeds would not necessarily be realised

2
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Guided busways can help to improve operating speeds , but the extent of this 
will depend on the type of guidance system used

Guided buswayD

� Suitable for a constrained corridor (kerb-guided)

� There is potential for the corridor to allow for faster operating speeds (kerb-guided) although this is likely to be outside of the CBD

� Buses can easily join the guided busway fleet (kerb-guided)

� The system is flexible, as demand increases, more buses can be added to the system (kerb-guided)

� Buses can join the busway at various entrances, providing a variety of single seat journeys

� Safety and efficiency improvements when docking with stations (optically guided); however, there are reliability issues due to 
‘obscuring’ or interference with the road markings (optically guided) 

� Magnetic guidance has had an unsuccessful track record of implementation

� Optically guided buses have limited operating speeds

� Special training is required for drivers on the guided busway (kerb-guided)

� Regular maintenance is required for the physical ‘track’ and the guided wheels (kerb-guided), which may have increased opex costs 

� The capex required for the kerb-guided track is higher than for a standard roadway

� It is difficult to provide crossings for other vehicles and pedestrians due to the high bus operating speeds (kerb-guided)

� The visual aesthetic of a track must be considered, as this has been identified as a potential barrier to implementation (kerb-guided)

� Kerb guided busways are more suited to corridors without traffic lights and with stations that are positioned relatively far apart so that 
the benefit of increased operating speeds are realised

Key considerations

Description: Kerb, optically and magnetically guided  buses

Source: L.E.K. research and team expert interviews
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Guided docking

Guided docking can be used to ensure that the vehic le aligns precisely with the 
platform edge at stations

Overview

E

� Guided docking systems allow the driver to park or dock the vehicle in an exact location at the stations. It is primarily used to ensure that the vehicle 
aligns precisely with the platform edge at stations and, in turn, this ensures that there is minimal gap between the platform edge and the doors 
which facilitates smooth, safe and efficient boarding / alighting

� There are already many non-ITS technologies to assist guided docking, and at the most fundamental level the introduction of ‘Kassel Kerbs’ readily 
allows the wheel of the vehicle to make contact with the edge so the driver has the sensory feedback to position the vehicle correctly, but as the 
kerb is curved it does not cause tyre damage nor does the edge of the vehicle scrape against the platform. In addition to this there may be some 
use of rubber strips across the lane to ensure that the bus is also in the correct position to align with the station doors

� At the more technology based end of the spectrum there are ITS-supported docking systems that consist of two main technology types; and in both 
cases, the sensor technology is integrated with the steering system of the vehicle:

- optical guidance, where the travel path is marked out on the roadway and is ‘read’ by an optical sensor located at the front of the vehicle

- magnetic sensors, where a loop / wire or permanent magnet guidance studs are embedded on the roadway along the path to be followed. 
Sensors on the undercarriage of the vehicle detect the loop / studs and guide the bus along the alignment

Source: L.E.K. research and team expert interviews

Precision docking and wheel chair access, Nantes, F rance
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Guided docking 

The HealthLine BRT uses a combination of a mechanic al guide wheel / docking 
arm, a painted roadway mark and a docking assist sy stem

Case study

E

Cleveland HealthLine

� HealthLine Rapid Transit Vehicles (RTVs) have two mechanical 
guide wheels mounted on each side of the front axle. The 
purpose of the guide wheels is to get the RTV as close to the 
edge of the station platform as possible and thereby simulate the 
experience of passenger rail docking. As the HealthLine RTV 
approaches a station, the driver angles the vehicle toward the 
platform until the guide wheel makes contact

� When properly aligned, the side of the vehicle is nearly flush with 
the platform edge leaving only a small gap in between

� The HealthLine BRT uses three tools for precision docking, the 
primary one being the mechanical guide wheel / docking arm. 
The other two tools are a painted blue guide stripe on the 
pavement and a docking assist system

� The blue guide stripe helps the driver to align the vehicle as he / 
she approaches the station. The docking assist system (DAS) 
consists of two ultrasonic sensors, one system controller, and an 
audible warning device

� As the driver approaches the station, the DAS will emit four 
successive beeps when contact with the platform is imminent 

� It is important to note that the painted guide stripe and DAS are 
not required for proper operation of the mechanical guide wheel 

Source: L.E.K. research and team expert interviews
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Guided dockingE

Guided docking allows buses to dock precisely, faci litating faster boarding and 
alighting at stops

Potential benefits vs. costs

� The primary advantages of guided docking systems range from ensuring that vehicles dock precisely every time to facilitate faster boarding and 
alighting, thus increasing both vehicle and passenger throughput at stations and reducing the technical driving burden from drivers

� However on the cautionary side, the optical and magnetic docking systems are significantly more expensive than non-technology methods (Kassel 
Kerbs and rubber strips) and there remains some technical and reliability issues with docking systems that will require rigorous on-site checking and 
calibration for most effective results

� In Rouen, France, the BRT vehicles were fitted with optical guidance systems. Rouen pioneered the development of one type of precision docking at 
stops, however, the system has not been extended to automatic steering between stations

� The conclusion from the trials and operational metrics was that overall the right of way and traffic signal pre-emption had a greater significance in 
terms of route performance than precision docking. In saying this the entire route does include guided docking at all stations and the precision 
docking has reduced dwelling times. However, drivers need to approach at appropriate speeds because of the infrastructure layout. This has 
resulted in driver training being a key element of successful implementation 

Source: L.E.K. research and team expert interviews

2

Kassel Kerbs (Amsterdam, Neherlands) Optical guidance (Rouen, France)
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Guided docking

Guided docking helps to reduce dwell times, and inc rease both vehicle and 
passenger throughput at stations

E

Source: L.E.K. research and team expert interviews

� Precise docking every time to facilitate faster boarding and alighting

� Reduced dwelling times

� Reduces the technical driving burden on drivers

� Increases both vehicle and passenger throughput at stations

� Ensures minimal gap between the platform edge and the bus

� Improved safety for passengers

� Guided docking at all stations and operation at stops are recorded as similar to light rail

� Overall the right of way and traffic signal pre-emption had a greater significance in terms of route performance than precision docking

� Non-ITS technologies needed to assist guided docking such as the introduction of ‘Kassel Kerbs’

� Additional cost associated with the required combination of ITS and non-ITS 

� Drivers need to approach at appropriate speeds because of the infrastructure layout

� Driver training therefore a key element

Key considerations

Description: Kassel kerbs and precision docking syst ems
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Platooning

Bus bunching is usually associated with a poor perf orming bus system. Vehicle 
to vehicle platooning technology to date has mainly  been focussed on trucks 

Overview

F

Source: L.E.K. research and team expert interviews; Uniservices; Daimler; Transit Cooperative Highway Research Program; ARUP & Jacobs

- however, the resulting low speeds and poor traffic operations would be deemed unacceptable by passengers
- the only way that the loading areas could be utilised simultaneously was if each buses dwell time is tightly 

managed, making it possible for a set of buses to enter and exit the stop at the same time
- this is considered difficult to achieve consistently in practice

� Even though bus platooning in theory increases bus lane capacity, it is usually the stop capacity that controls the 
busway capacity and not the lane capacity itself

- in a normal system, bus bunching caused by services overlapping, lowers the stop capacity and is 
recognised as a cause of service unreliability 

� Connected vehicle platooning technology development has largely 
been focused on highway trucks, especially in Europe as the 
potential benefits are deemed greater

� Grouping vehicles into platoons (potentially with the addition of 
vehicle to vehicle communications) has the potential to increase 
capacity, in particular in the context of providing a flexible response 
to increased demand

� Vehicles travelling in platoons can lower vehicle throughput at 
intersections, permitting more effective signal priority Connected vehicle platooning system schematic

� Connected vehicle platooning functions enable vehicles to travel together, connected by wireless communication

- the lead vehicle operates manually, while a number of follower vehicles are actively coordinated to the 
lead vehicle and follow at a close proximity Istanbul BRT

� Platooning occurs when a set of buses moves along a street as a group, much like individual cars in a train. This theoretically leads to bus stops 
being used more efficiently 

� In addition, mathematically, throughput along a busway would be highest if a constant queue of buses was travelling and was to move into a bus stop

2



58

Platooning

New technology will see the electronic networking o f vehicles on motorways 
and long distance highways

Case studies

F

Source: L.E.K. research and team expert interviews; Daimler

Daimler Highway Pilot Connect

� Highway Pilot Connect is an example of the possibilities 
opened up by electronic vehicle-to-vehicle (V2V) networking. 
Platoons can be formed at the touch of a button, allowing 
vehicles to communicate with each other

� Connected vehicles in a platoon only require a distance of 15m 
instead of 50m between them, producing a significant reduction 
in aerodynamic drag. This way, a platoon of three trucks can 
achieve a fuel saving of around seven percent

“… By using connected communication between the truck and other 
vehicles and the surroundings, we can improve traffic flow and lower fuel 
consumption and emissions. At the same time intelligent trucks help to lower 
the number of traffic accidents. This is an important step on our way towards 
accident-free driving…”

Sven Ennerst, Head of Truck Product Engineering & Global 
Procurement, Daimler AG

� The technology is currently used in some German states and 
builds upon Highway Pilot autopilot technology 

Istanbul, Turkey

� Dispatching platoons rather than individual vehicles increased 
capacity on the Istanbul BRT line from c.20,000pphpd to more 
than c.25,000pphpd

2
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Platooning

Platooning technology has been put into action on h ighways in Europe as part 
of the European Truck Platooning Challenge

Case studies (cont.)

F

Source: L.E.K. research and interviews; European Truck Platooning Challenge

European Truck Platooning Challenge

� The EU Truck Platooning Challenge 2016 was an initiative of the Dutch Ministry of Infrastructure 
and the Environment 

� The Netherlands forged a European partnership between truck manufacturers, the technology 
community, industry and governments to realise truck platooning on public roads, crossing 
borders from several European cities to the Netherlands

“… At the European level we are working towards a long-term vision on automated driving. We also initiated the 
European Truck Platooning Challenge in April 2016 - to demonstrate that truck platooning, across borders, on public 
roads, is a reality now…. This adds up to creating next generation mobility…”

Jan Hendrick Dronkers, Director General, Rijkswaterstaat

� The European Truck Platooning Challenge was a success in terms of trying to demonstrate that 
platooning can actually work in a public environment

“… We didn’t just want to talk about challenges, we wanted to test the boundaries. [The European Truck Platooning 
Challenge] involved many projects to show that platooning can work. The [platooning] trucks left various countries and 
followed in close distance to Rotterdam …”

Senior Advisor Strategy, RDW (Netherlands), 25 October 2016

� The next step in the Netherlands is to prove that the transport of goods using platooning 
technology and regular drivers over long distances is possible, with a program set to run for six 
months in the second half of 2017 

“… Our next step is to transport regular goods by regular drivers from distribution stations every six minutes. The 
trucks will travel long distances but the drivers will require no special skills. We plan to start this is the second half of
2017… with the driving happening on a daily basis. We are inviting the OEMs [Daimler, MAN, Scania, Volvo, Iveco, 
DAF] to come up with the technology… and scale up to 10-20 vehicles each …”

Senior Advisor Strategy, RDW (Netherlands), 25 October 2016 OEMs involved

Corridors used

2
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Platooning

It has been announced recently that researchers in the US are developing 
autonomous platooning electric buses 

Case studies (cont.)

F

Source: L.E.K. research; Atlanta Business Chronicle; GA Followers

Kennesaw State University buses

� Kennesaw State University researchers are working on 
alleviating traffic problems in Atlanta with an electric bus 
system that includes multiple platooning autonomous 
modules

� The research is being funded by the Georgia 
Department of Transportation with a USD $175,000 
grant

� The system has been named the ‘Slim Modular Flexible 
Electric Bus’ (SMFe-bus) and the design will involve a 
lead module with a human driver and multiple driverless 
modules following

� Every car behind the driver will faithfully follow the car in 
front, while still providing enough space for the cars to 
make emergency stops if necessary

� The researchers have stated that the modules are programmed to coordinate their spacing and alignment in a ‘virtually coupled’ fashion where 
the modules can be added or removed from the vehicle over time in line with passenger demand

� The design allows officials to control how many cars would need to be on the road at any one time

� The semi-autonomous SMFe-bus will cost more than a traditional bus, but Kennesaw State University have stated that the concept vehicle could 
be up to 20% more cost efficient

2
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PlatooningF

It seems unlikely that platooning technology will b e developed for buses in the 
near term

� The Transit Cooperative Highway Research Program details the theoretical benefits of applying bus platooning:

- passing activity is minimised
- higher overall travelling speeds can be achieved 
- bus stop loading areas can be used more efficiently, leading to higher capacity

� However, they state that if platoons are to be formed deliberately, careful scheduling and field supervision may be required

� The major barrier to implementation of vehicle to vehicle platooning technology is that the technique needs to be refined further, with production 
expected to ramp up for trucks in the Netherlands in the next two to three years and throughout Europe c.5 years later than in the Netherlands, due to 
framework amendment requirements

“… The major barrier [to implementation] is that the technique needs to be refined as the average truck driver needs to control the vehicle. There are also infrastructure barriers [and] 
the issues of government regulation and trust in the safety of the system. I think it will be another 2-3 years before we crank up production in the Netherlands. In a European 
perspective, the framework [for heavy goods vehicles] will need to be amended, which will take another 5 years. These processes take a long time …”

Senior Advisor Strategy, RDW (Netherlands), 25 October 2016

� Potential benefits of vehicle to vehicle platooning include improved safety, efficiency improvements and lower operating costs

“… There are road safety benefits, [because] on European roads vehicles travel closer than what the human response time is. When platooning, a [safe] travelling distance is kept. 
There is less accelerating and decelerating, which leads to more throughput. The draught experienced [by the platooning vehicles] lowers the fuel costs …”

Senior Advisor Strategy, RDW (Netherlands), 25 October 2016

� Potential risks of vehicle to vehicle platooning include confusion for other road users (although less relevant if the BRT has its own right of way) and 
the issue of ethics

“… Other road users could be a little confused. There are some ethics issues… if there is a system failure that leads to a severe accident, how does society deal with this? …”
Senior Advisor Strategy, RDW (Netherlands), 25 October 2016

� It seems unlikely that vehicle to vehicle platooning technology will be developed for buses in the near term

“… We haven’t looked at the situation for buses. If you were to ask me my gut feeling, I would hesitate using platooning technology for the transport of [a large number] or people and 
even for dangerous and hazardous goods. The [platooning] technique would need to be refined significantly …”

Senior Advisor Strategy, RDW (Netherlands), 25 October 2016

Source: L.E.K. research, interviews, and team expert interviews; Transit Cooperative Highway Research Program

Potential benefits vs. costs

2
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To date, connected vehicle platooning technology de velopment has been mainly 
limited to trucking applications

PlatooningF

� Network capacity improvements due to reduced bunching

� There are potential safety improvements due to a reduction in the likelihood of rear end collisions

� Connected vehicle platooning may lead to reduced emissions / pollution

� Connected vehicle platooning may lead to lower opex than conventional systems due to fuel savings

� Improved network efficiency and minimised intersection impacts; facilitates signal priority 

� Incorporation with other technologies (e.g. autonomous vehicles)

� Additional technological development / refinement required for connected vehicle platooning

� Requires social adoption of semi-autonomous technology and there are associated ethical concerns

� Connected vehicle platooning may cause confusion for other road users and therefore would be adopted only within 
the scenario of a dedicated right of way

� Connected vehicle platooning track record mainly limited to trucks thus far

� If informal platooning were to be considered, careful scheduling and supervision aided by an advanced operations 
and signal priority system would be required

� Government regulation / legal considerations

Key considerations

Description: Bus platooning (training) supported by vehicle to vehicle communication

Source: L.E.K. research and team expert interviews
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Autonomous vehicles

Autonomous vehicles promise to provide a range of b enefits to the transport 
consumer in the medium to long term

Overview

� Connected and autonomous vehicles are driven by two interrelated trends:

- connected vehicles that can communicate with each other & road infrastructure
- fully autonomous private & shared passenger vehicles

� Autonomous vehicles rely on high precision GPS, radar, LIDAR, infra-red sensors, fast on-board CPU processors and safety override controls

� The majority of media attention has focused on autonomous private vehicles, being piloted by large companies such as Google, Tesla, Uber and 
General Motors

� However, autonomous shuttle and bus tests have or currently are being carried out in places like California (EZ10), Singapore (EZ10, Navya), 
Washington, DC (IBM’s Olli), Amsterdam (Mercedes-Benz Future Bus) and Switzerland (SmartShuttle)

� It is likely that in the long term the transition of surface transport to being autonomous and connected will be widespread

� SAE International defines six levels of automation, from ‘no automation’ to ‘full automation’ (these are described on the schematic on the next page)

- as an indication, at the SITCE conference in Singapore in October 2016, Scania suggested that level three autonomy for buses will be in the 
market by 2020 and level five will be reached by 2025

Source: L.E.K. research and interviews; Barclays Research; Car Postal; SAE International; NZ Herald 

G

� The reality of autonomous vehicles in New Zealand is not as distant as most would think

- Christchurch International Airport will start testing the electric French Navya 15-person shuttle next year

- a live demonstration of an autonomous Volvo vehicle will take place in Tauranga in November as part of 
the Trafinz conference

2

� Volvo Bus has been focusing more on electric and hybrid technology than autonomous technology to date. However, its coach products do have 
technologies such as adaptive cruise control, collision avoidance systems, driver assist and lane adherence systems. These technologies have been 
more difficult to implement on city buses due to regulatory issues. Volvo Bus sees autonomous technology playing its major role in safety 
improvements as opposed to allowing buses to become ‘driverless’

“… We are working on [autonomous technology] but it is not as advanced as our electric vehicles. On our coach products we do have adaptive cruise control, collision avoidance 
warning, driver assist technologies but nothing where we are guiding the vehicle in a closed or open environment. In our city bus product, there are a variety of legal ramifications, 
because if the driver has been removed from the situation, it comes back to the manufacturer. We see more benefits in safety in the short term as opposed to eliminating the driver…”

Vice President, Volvo Bus Asia Pacific (Australia), 16 November 2016
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Autonomous vehicles

There are six levels of automation, with full autom ation leading to the driver 
being able to ‘switch their brain off’ 

Overview (cont.)

Level: 0 1 2 3 4 5

No automation Assisted Partial automation
Conditional 
automation

High automation Full automation

Now Now 2018 2020+2020

Lane departure warning

Lane keeping assist 

Parking assist

Hands-free in-lane driving

Automated driving

Robot taxi

Feet off Hands off Eyes off Brain off

Driver monitors driving environment Driver monitored System monitors driving 
environment

Now

Automation 
level

Driver 
actions

Timeline

Key 
features

Source: L.E.K. research; SAE International
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Autonomous vehicles

Autonomous shuttle demonstrations in Europe as part  of the CityMobil2 project 
have highlighted that specific fleet management sys tems are required

Case studies

Source: L.E.K. research and interviews; National Center for Transit Research 

CityMobil2 project

� CityMobil2 is a European Union (EU) funded research project whose main goal is to remove barriers to 
deployment of a fully-automated bus / shuttle, with a budget of USD $16.9m

� The project involves demonstrations and showcases of small autonomous shuttles in 10 cities across Europe 
(two day to six month long demonstrations)

� CityMobil2, in addition to carrying out showcases and demonstrations, aimed to

City, Country Type Year

Leon, Spain Showcase 2014

Bordeaux, France Showcase 2015

Warsaw, Poland Showcase 2016

Oristano, Italy Small Demo 2014

Vantaa, Finland Small Demo 2015

San Sebastian, Spain Small Demo 2016

Sophia Antipolis, France Small Demo 2016

LaRochelle, France Large Demo 2014 /15

Lausanne, Switzerland Large Demo 2014/15

Trikala, Greece Large Demo 2015/16

- produce guidelines for design and implementation of an automated road transport system
- gain an improved understanding of the interaction between automated vehicles and other road users
- develop a legal proposal for certifying automated road transport systems in Europe
- develop technical specifications for interoperable automated road transport systems, including 

communications architecture

� The main autonomous vehicle used for the CityMobil2 project is the RoboCITY, manufactured by Robosoft, 
although it is acknowledged that the EasyMile EZ10 shuttle will take over as the predominant shuttle of 
choice (EasyMile is part of Robosoft)

- the EZ10 has a capacity for 12 passengers (six seated and six standing), has a cruising speed of 
20km/h, a maximum speed of 40km/h, all powered by a lithium ion battery system 

� Important observations from the test results in Europe include:

- any successful testing of shared autonomous vehicles must include a fleet management component
- the current state of AV technology requires, for safety reasons, that a trained professional be on-

board the vehicle 
- unless the shuttles are operating in a fully grade-separated right-of-way, they will have to react to a 

host of external obstacles on a daily basis such as illegally or poorly parked vehicles, delivery 
vehicles and construction activities

- the demonstrations have experienced random vehicle malfunctions, where it would have been 
impossible to continue operations had there not been a back up operator on board 

CityMobil2 pipeline

G
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Autonomous vehicles

A pair of autonomous Navya shuttles are part of a t wo year trial in Switzerland, 
with start-up BestMile providing its autonomous veh icle fleet operation system 

Case studies (cont.)

Source: L.E.K. research and interviews; The Local; News Atlas; BestMile

Autonomous shuttles in Sion, Switzerland (with BestMile)

� In June 2016, a pair of driverless shuttles started ferrying up to 11 passengers around the city of Sion as part of a two-year 
trial. These buses were manufactured by French company Navya and still require an attendant in the interests of safety

� The two buses will follow a route along the edge of the city of 33,000 residents and pass through pedestrian areas travelling
at a top speed of 20km/h

� The vehicles will be operated by PostBus and will navigate using software developed by Swiss start-up company BestMile

� BestMile was started three years ago in Switzerland when the co-founders thought that a lot of people were talking about 
autonomous vehicles, but less people were talking about how they will get managed together and now employs 30 staff 

� The company claims that they are the world’s first cloud based platform for the operation and optimisation of autonomous 
vehicle fleets

� BestMile realised that operators and mobility providers do not want to be locked in to 
procuring vehicles from one manufacturer and so have designed its software to manage 
every vehicle type, with the same interface, coordinated in one system

� The system is currently in operation with two Navya shuttles under trial in Sion, Switzerland 
and multiple fleets are operating in France on private sites with between two and six 
shuttles at each site

� BestMile has partnerships with manufacturers and understands that the total cost for a 15 
person shuttle would be NZD c.$300k and this relatively high cost is mainly driven by the 
price of sensors. BestMile believe these costs are doing down. Currently maintenance 
(mainly the vehicle automation system itself) is estimated at 10% of the capex per month

� The cost for the BestMile product is modular, depending on customer preference and is 
estimated to be between NZD c.$750 and NZD c.$1,500

G
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Autonomous vehicles

Semi-automated city buses will operate more safely,  efficiently and comfortably 
than conventional buses

Case studies (cont.)

Source: L.E.K. research; NBR; IWK; Daimler; Ericsson; Scania

Mercedes-Benz Future Bus

� Unveiled in July 2016 and based on technology in Mercedes-Benz 
autonomous trucks, the Future Bus is able to drive itself along 
suitable routes, communicate with traffic lights to cross 
intersections and automatically stop at stations

� The city pilot system is always braking, accelerating and shifting 
gears in order to optimise efficiency 

� The intelligent connectivity of technology is pioneering and allows 
a precise picture of the vehicle’s surroundings and the exact 
position of the bus to be known

� The Future Bus recently made a 20km trip from Amsterdam’s 
Schiphol Airport to the nearby town Haarlem, which makes it the 
first automated city bus tested in a real-life traffic situation

� Mercedes-Benz is likely to implement portions of the new 
technology – such as driving to and away from bus stops – into its 
city buses in the near future. It has also announced a battery-
electric drive system for city buses for 2018

Scania Stockholm trial

Overview of the Ericsson – Scania testbed components

� The focus of Scania’s autonomous vehicle development in the public 
forum has mainly revolved around trucks for port and mine use 

� However, Ericsson believes that a major enabler in the auto industry 
transformation will be 5G mobile networks and have started working 
with Scania as part of the Integrated Transport Research Lab in 
Sweden. Scania will provide a fleet of autonomous vehicles, starting 
with an electric bus sometime in 2016, which uses cellular 
infrastructure to communicate with a remote control system hosted 
in a cloud

G
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Autonomous vehiclesG

There are a variety of barriers that need to be ove rcome before autonomous 
buses are deployed on a broad scale

Potential benefits vs. costs

SS

� According to a key bus manufacturer, it is unlikely that buses with autonomous technology that are used for mass transit will be in the market for 
another seven to 10 years 

- Daimler revealed its Mercedes-Benz ‘Future Bus’ in July 2016, but suggest that this was just a trial and that its priority will be developing 
alternative propulsion systems before considering bringing autonomous buses to the market

“… We did the Future Bus trial to show that the technology works… however, it was a test and we don’t see these vehicles being on the road for another 7-10 years. For 
the next couple of years we will be focussing more on electric vehicles. [The Future Bus] was really just a showcase so that we could show that it may be possible in 
7-10 years…”

Manager, Transport Planning, Daimler (Germany), 26 October 2016

� Benefits that apply directly to an autonomous bus include:

- a smoother ride for the passenger (more akin to a train ride)
- lower fuel consumption due to predictive driving 
- perceived improved safety for passengers and other road users (e.g. cyclists)

� There are numerous barriers to overcome before autonomous vehicles can become commonplace:

- the transition needs to managed carefully as autonomous systems need to manage non-autonomous vehicles
- the will be issues associated with cyber security and hacking
- the thinking of all parties involved needs to be aligned – politicians, traffic authorities and operators (who need to be particularly proactive) 
- the legal framework needs to be determined to ensure that countries allow these vehicles to be operated outside of trial environments

“… The real issue is the transition phase and when autonomous vehicles operate with non-autonomous vehicles… the market is in its most complex state right now and 
will eventually end up in a completely robotic system… I think one of the main barriers is the legal one [as] most countries won’t allow these autonomous vehicles 
outside of trials. There needs to be a legal framework for autonomous vehicles…”

Chief Science Officer and Co-founder, BestMile (Switzerland), 31 October 2016 

� It is suggested that even though timelines for autonomous vehicle technology are hard to predict, when the technology is applicable to bus public 
transport, it will be first implemented in a constrained manner, and that adaptable infrastructure should be built to allow for future developments

“… The whole autonomous vehicle thing is incredibly difficult to predict… if I was an infrastructure provider, the best thing you could do is produce infrastructure that is 
adaptable at low cost. I see mass transit autonomy in a tightly constrained situation, for example an airport to downtown terminal …”

Chair of Engineering Policy, University College London (UK), 1 November 2016

Source: L.E.K. research, interviews, and team expert interviews
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Autonomous vehicles can offer an array of benefits to a transport network; 
however, additional technological development is st ill required 

Autonomous vehiclesG

� Ride improvement for passengers, due to the smooth nature of operation due to computer management (akin to a train)

� Lower fuel cost due to predictive driving

� Perceived improved safety for passengers and other road users (e.g. cyclists)

� Incorporation with other technologies (e.g. platooning, guided docking, advanced shape, amenity and internal configuration)

� Additional technological development required for other autonomous vehicle modes and requires social adoption of 
autonomous technology

� There are perceived issues of cyber security and hacking

� Autonomous vehicles are likely to require a driver / attendant for some time, meaning labour costs will not initially decrease

� Government regulation / legal considerations

� The transition period needs to be managed carefully, as autonomous vehicles interact with non-autonomous vehicles 

� There needs to be tight alignment in the views of the government, transport authorities and operators

� GPS or GPSR authentication capability needs to be considered to ensure sufficient accuracy is delivered

� Aids collision avoidance and lane adherence

Key considerations

Description: Connected autonomous buses, with low hu man input

Source: L.E.K. research and team expert interviews
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Detailed overview of advanced bus initiatives: ITS t echnologies

Infrastructure
1

Vehicle technologies
2

ITS technologies
3

Customer interface
4

• Flexible stop design

• Dedicated right of way

• Advanced bus stop 

design

• Amenity, internal 

configuration

• Advanced shape

• Propulsion systems

• Guided busway

• Guided docking

• Platooning

• Autonomous vehicles

• Automatic vehicle 

location

• Intelligent priority 

signalling

• Fleet management 

systems

• Data analytics –

payments, journey, traffic

• Dynamic scheduling

• Customer experience

• Connectivity
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Automatic vehicle location (AVL)

Automatic vehicle location systems identify the geo graphic location of vehicles. 
This information can be combined with a variety of ITS applications 

Overview

Source: L.E.K. research and team expert interviews; US Department of Transportation; ITS Review; software vendor websites and brochures

� Automatic vehicle location (AVL) systems are used to automatically determine and transmit the geographic location of a vehicle

� AVL systems are the ‘core enabler’ that drives many systems. Alongside stop locations, the exact location of the vehicle is arguably the most 
important piece of information required by any real-time system for fleet management and real-time passenger information or traffic signal priority

� AVL systems calculate the real-time location of any vehicle equipped with a Global Positioning Satellite (GPS) receiver. Data is then transmitted to the 
transit centre using radio or cellular communications and can be used immediately for daily operations as well as archived for analysis

� AVL systems can be combined with various other technologies:

- fleet management
- service planning 
- safety and security
- traveller information
- fare payment
- vehicle component monitoring
- data collection

1

2 3

4

AVL schematic

A

� As an example, London Buses mandates the use of a shared 
AVL system; the iBus system is installed on every bus and 
allows both the operator and authority access to real-time 
information. The system was initially implemented by Siemens 
and is now managed by Trapeze

� INIT utilises a ‘multi stage’ enhanced GPS positioning technique for its automatic vehicle locating. This includes using raw coordinates from GPS, 
applying dead reckoning by logical location monitoring and comparing the current calculated position with nominal streets. This leads to a final GPS 
coordinate based on logical positioning corrected GPS coordinates

3
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Automatic vehicle location (AVL) systems are a prer equisite for the other ITS 
initiatives

Source: L.E.K. research and team expert interviews

Automatic vehicle location (AVL)A

� Automatic vehicle location (AVL) systems are a prerequisite for the rest of the ITS initiatives

� AVL authentication capability needs to be considered to ensure sufficient accuracy is captured

Key considerations

Description: Automatically determine and transmit bu s location

3
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Intelligent priority signalling 

Traffic signal priority systems can provide priorit y for late operating buses

Overview

B

Source: L.E.K. research and interviews; NYC Department of Transport

� Traffic signal priority systems can be installed along advanced bus routes to 
provide priority for late operating buses (or all buses as required – either 
conditional or unconditional priority) by extending the green time or actuation of 
the green light at signalised intersections upon detection of an approaching bus

� The technology leveraged could be either:

- optical emitters that send signals to sensors 

- GPS trackers on-board 

- selective vehicle detection technology, linked to fleet management systems

� This is a well-established and proven approach, with proven integration with 
SCATS (which is also installed within Auckland)

� Elimination of variance in running time is often considered at least as important as 
reduction in average running time. Traffic signal priority can provide a consistent 
time through junctions, especially if set to give priority to buses running on-time or 
in delay, but not to buses which are ahead of their schedule (or catching up with 
the bus ahead, in case of headway-based service) 

� The main goal is to provide smooth journey times, it is about a consistent level of 
service for customers

Priority system based on optical emitters

3
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Intelligent priority signalling 

The New York Department of Transport has introduced  transit signal priority 
systems for buses in order to reduce travel time

B

Source: L.E.K. research; NYC Department of Transport; Metropolitan Transportation Authority; Streetsblog NYC; Transport Simulation Systems; Greenman-Pede

Case studies

Transit Signal Priority – New York

� In 2013, New York City’s Department of Transport (NYC 
DOT) and Metropolitan Transportation Authority (MTA) 
updated the Transit Signal Priority (TSP) on three road 
corridors to reduce the travel time of buses by extending and 
advancing green lights whilst shortening red lights. The 
system was rolled out to the city’s rapid bus transit (RBT) 
offering

� The original TSP system installed in 2008 used optical 
emitters to transmit signals to sensors mounted on top of 
traffic signal arms

� The new TSP system involves installing GPS trackers on 
buses that relay GPS signals to a traffic management centre, 
which then controls the traffic lights, superseding the need to 
rely on ‘line of sight’ devices such as optical emitters 

� The equipment cost approximately USD $4,219 per bus for 
the newer TSP system and approximately $1-2m to roll out 
the TSP system per bus route

� Evaluations of the M15 route suggest that bus travel times 
were cut by c.11-17%

� NYC DOT and MTA planned to roll out the TSP system to 
seven more routes on top of the existing three with an end 
goal of rolling out TSP to at least 17 routes

� The major constraints of this system include coordination issues, the affect 
on nearby bus stops and the affect on other corridor traffic and pedestrians

NYC priority signalling schematic
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Intelligent priority signalling 

The Dublin City Council has leveraged existing infr astructure to provide signal 
priority to buses

B

Source: L.E.K. research and interviews; Dublin City Council 

Case studies (cont.)

Dublin City priority signalling

Dublin City Council priority signalling architectur e

� The Dublin City Council aims to utilise priority signalling to provide 
smooth journey times and to provide a consistent level of service for 
customers

� The centralised bus priority module takes a real-time data feed from 
Dublin Bus and then the system can make a call and uses a 
predefined control in the Sydney Coordinated Adaptive Traffic System 
(SCATS) to give the bus extended green time or an immediate green

� The Dublin City Council uses a software company, Nicander for its 
centralised bus priority system. The system was built using existing 
infrastructure, nothing was actually required on site

� The Dublin City Council can carry out performance analysis on the 
system, which can also provide transparency on the transport 
network and help to highlight issues (e.g. congestion)

Before intervention After intervention – more green 
time given to side road 

3
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Intelligent priority signalling B

Intelligent priority signalling helps to smooth jou rney times and provide a more 
consistent level of service for customers at a rela tively low cost

Potential benefits vs. costs

� The potential benefits of providing priority signalling include:

- the provision of a standard level of service across all times of day

- the provision of a more predictable and consistent service

- the system itself is very flexible

- the system is cost effective

- there is the potential for additional analytics to be carried out at a city view, route view or bus station view

“… [The automatic priority signalling system] is very flexible, very cost effective and can save a bus minutes, which means a lot in the long run… [It] provides a standard 
level of service across all times [of day, leading to a] predictable and consistent [journey] …”

Senior Executive ITS Officer, Dublin City Council (Ireland), 27 October 2016

� In addition, the system requires little capital cost, if the system can be integrated with existing infrastructure. In the case of implementation in Dublin, 
the only additional cost after AVL systems and SCATS were implemented was the priority system software

� The operating cost for a priority system is also low

“… [In terms of operating costs], it is really just the software, so the operating cost is low as it is just a database …”
Senior Executive ITS Officer, Dublin City Council (Ireland), 27 October 2016

� Potential negative impacts of providing automatic priority signals is that priority may be given to other vehicles in the traffic stream, especially in areas 
where there are no bus lanes

� A major barrier to implementation of a SCATS based system is that there needs to be a way for the AVL system to share data in a standardised 
format to the centralised priority system. However, this is an issue for legacy systems and should not be an issue for new systems

Source: L.E.K. research, interviews, and team expert interviews
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Intelligent priority signalling improves the custom er experience and can help to 
reduce operating costs

Intelligent priority signalling B

� The benefits from using priority signal improvements include reduced transit travel times, improved schedule 
adherence, improved transit efficiency and increased road network efficiency as measured by person mobility

� Provides ‘smoothed’ journey times and a consistent level of service for customers

� Has the potential to provide a more predictable service for customers

� The system is cost effective, with low capex (if there is appropriate existing infrastructure) and low opex 

� Provides additional opportunities for data analysis of vehicles on the network, allowing for issues to be detected 
along the corridor and managed through conditional priority at the intersections

� The system is dynamic and so there may be coordination issues between junctions; however, the management 
through SCATS (Sydney Coordinated Adaptive Traffic System) and Automatic Vehicle Location (AVL) systems will 
allow for minimal impacts and improved management of the system to allow for priority for the ABS corridor

� Existing infrastructure can be leveraged to implement a low cost priority system (e.g. AVL systems and SCATS)

� It is important that there is a standardised format for the AVL system to share data with the centralised priority 
system (already available at the Smales Farm operations centre for SCATS)

� Level of priority can be set in accordance with the needs of individual services and balanced with other road users 

Key considerations

Description: Extended green time / actuation of gree n light at intersection

Source: L.E.K. research and team expert interviews
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Fleet management systems

Fleet management systems provide the for the operat ional management of the 
advanced bus fleet on a ‘real-time’ basis

Overview

C

Source: L.E.K. research and team expert interviews; INIT

� Fleet management systems provide advanced bus 
systems with software based management tools and 
field equipment to provide for the operational 
management of the vehicle fleet on a ‘real-time’ basis 
so that the operator can manage, monitor or amend the 
advanced bus vehicle fleet operations

� The systems are often housed in a control centre that 
manages and monitors all aspects of the system 
operations, utilising AVL technology

� The aim of a public transport fleet management system 
is to provide for simpler system implementation, and to 
enable the efficient management of the advanced bus 
system vehicles and services by the bus operations 
company. The key components to the system are the 
following units:

- planning

- operations, monitoring and control

- maintenance service

� Fleet management systems can be used to manage 
headways, monitor the performance of buses, provide 
users with accurate and detailed route / progress 
information and allow operators to communicate 
changes to drivers

INIT Fleet Management System schematic
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Transport for London uses the AVL system ‘iBus’ to monitor the location of its 
bus fleet 

Case study

Source: L.E.K. research; ITS Review

XX

Transport for London

� London Buses mandates 
the use of a shared AVL 
system; the iBus system is 
installed on every bus and 
allows both the operator 
and authority access to 
real-time information

Fleet management systemsC

� This technology sees the shift of service 
performance monitoring from data collected 
through customer surveys to data collected from 
operational systems

� The technology assists in monitoring multiple 
operators and has simplified the KPI’s measures 
of contract management systems

iBus system overview

Provided by:

Managed by:
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There has been an increase in patronage and custome r satisfaction since the 
introduction of the iBus system

Case study (cont.)

Source: L.E.K. research; Transport for London

XX

Transport for London

� The introduction of the iBus system on buses in London has 
led to an increase in patronage and customer satisfaction

Fleet management systemsC
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Provided by: Managed by:

Introduction of iBus system
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There are a variety of vendors that provide tools t hat can be used in fleet 
management systems

Potential vendors

Source: L.E.K. research and interviews; Software vendor websites

� Founded in 1983, headquartered in Germany

� 2015 revenue of c.$75m (AUD)

� Common provider of AVL systems globally

� Over 400 national and international public transport 
customers

Fleet management systemsC

� Initial provider of AVL system used by London buses 

� Siemens’ AVL solution is called the ‘TransitMaster 
Intelligent Transportation System’ and provides real-
time bus location and features computer aided 
dispatch / AVL, automatic passenger counters, 
automated stop annunciation, vehicle health 
monitoring, traffic signal priority and traveller 
information signage at bus stops

� Headquartered in Toronto, Canada and a 
subsidiary of Constellation Software

� Has over 2,500 customers worldwide

� Currently installs and maintains iBus for Transport 
for London and is used by Ventura Bus Lines, the 
largest private bus operator in Melbourne

� Provides dispatch and fleet management, on-board 
computers and performance monitoring

� Provides intermodal transport control systems (ITCS), on-board 
computers, traffic control systems (not exhaustive)

INIT Fleet Management System schematic (see earlier  page for larger version)
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Cubic’s NextBus product is a combination of AVL, fl eet management and 
customer interface technologies 

Potential vendors (cont.)

Source: L.E.K. research and interviews; Cubic; NextBus

XX

Cubic’s NextBus

Fleet management systemsC

� Cubic was founded in 1951 and is headquartered in San Diego, 
USA

� Cubic’s NextBus product is a cloud-based solution that provides 
real-time information that can be used by passengers, operators and 
transit authorities. Cubic acquired NextBus c.5 years ago

� The solution is a combination of AVL, fleet management and 
customer interface technologies where GPS technology is used in 
tandem with historical travel data to track buses and to predict 
arrival times

� The arrival information can be made available via the internet, on 
mobile devices, computers, signs at bus stops and at transit stations

� Operators and authorities can view fleets on live maps, with current 
information such as vehicle ID, assigned route, speed, number of 
passengers etc. and the system offers customisable management 
reports, with options that include schedule adherence and headway

� Cubic currently has c.150 customers using the NextBus product and 
it is offered as a ‘software as a service’ and is mostly ‘off the shelf’

� TransLink is currently the only NextBus user in Australia and New 
Zealand, where c.2,800 vehicles have been integrated into the 
system, with up to c.2,500 in operation at any one time

NextBus information flow

� Cubic are working on an updated version of NextBus, which is 
set to be released as a ‘lite’ version in 2017, with more detail 
added by the middle of 2018. This updated system will include 
an expanded app that will inform a passenger whether a seat 
will be available or not and will give the operator more data 
analytics capabilities 
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The GMV SEABUS platform is in operation in 100 citi es worldwide and provides 
a suite of reporting options for operators and auth orities 

Potential vendors (cont.)

Source: L.E.K. research; GMV

XX

GMV

Fleet management systemsC

� GMV is part of a multinational conglomerate, founded in 
1984, with offices throughout Europe, the US and Asia

� GMV provides ITS solutions such as Fleet Management 
Systems, Real-Time Passenger Information, Automatic 
Fare Collection, Traffic Priority Systems, Video Surveillance 
Systems, Service Planning Software etc.

� The GMV FMS is used by over 100 operators and cities 
worldwide

� The main FMS platform is the SEABUS FMS, which has the 
following features:

- voice and data communications with drivers

- control of vehicle ride conformity to timetable and 
headway 

- traffic priority system

- scheduling and rostering

- real-time passenger information

- integration with other company owned systems

- extensive reporting tools

� The reporting tools are web-based and include the 
production of a set of predefined reports as well as the 
customisation of new ones based on customer requirements GMV FMS driver interfaces

GMV FMS operator interfaces
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Fleet management systemsC

Fleet management systems can lead to a range of ben efits, for both the operator 
and customer 

Potential benefits vs. costs

� Fleet management systems, in conjunction with AVL technology can enable real on-demand changes that affects the system in various ways and 
leads to the following potential benefits:

- dynamic scheduling to maintain constant headways on the system, leading to service predictability and consistency improvements as well as 
overall operational efficiency improvements

- improved transfer and connection management
- ability to provide rapid response to emergency, security and other incidents leading to potential safety improvements 
- the ability to manage service in disrupted and / or diversion situations

“… There are benefits for the operator due to dispatching [opportunities]. The schedule is the plan but in reality the plan changes (for example, due to a break down, a heart 
attack or and accident, [fleet management systems allows the operator to be] reactive. It gives the agencies the ability to change and the predict services without 
detriment to the rider…”

NextBus Product Manager, Cubic Transportation Systems (Australia), 27 October 2016

� There is the potential for the additional benefit of using data obtained through fleet management systems for service planning and adherence 
monitoring

“… We are introducing data analytics engines… there will be three report packages: headway adherence monitoring, schedule adherence and passenger counters / 
ridership…”

NextBus Product Manager, Cubic Transportation Systems (Australia), 27 October 2016

� There are minimal barriers for implementation of fleet management systems; however, AVL systems are a prerequisite

“… If you have a third party scheduling system, it is easily imported into NextBus and we just take a cap of the AVL feed. It is a simple business model and depends on the 
features that you want. [For example], it is USD $10 per package per bus per month. If you want more advanced analytics or headway management, it costs a further 
USD $10 per package …”

NextBus Product Manager, Cubic Transportation Systems (Australia), 27 October 2016

Source: L.E.K. research, interviews, and team expert interviews
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Fleet management systems can help to improve servic e planning, service 
reliability and increase capacity

Fleet management systemsC

� The primary objective is to ensure that services perform as planned

� Fleet management systems allow operators to identify variances and to resolve the issues early, avoiding the need 
for larger intervention as irregularity escalates

� Allows operators to adapt to the demand and traffic conditions of the day

� Ensures transfer and connection protection

� Enables rapid response to emergency, security and other incidents

� Ability to manage service in disrupted and / or diversion situations

� Reliability improvements due active management of headways and control of bus bunching

� Potential safety improvements due to rapid response times 

� Incorporation with other technologies (e.g. transit priority signalling, Real-Time Passenger Information and AVL)

� Data obtained through fleet management systems can be used for service planning and adherence monitoring

Key considerations

Description: Operational management on ‘real-time’ b asis

Source: L.E.K. research and team expert interviews
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Data analytics – payments, journey, traffic

Machine learning and Big Data platforms have opened  up opportunities for 
advanced data analytics to improve the effectivenes s of public transport

Overview

D

� Advancements in bus / transport technologies have naturally created 
an opportunity to leverage huge amounts of transport data in order to 
improve transport systems

� Combined with the advances in data analytics, it is now possible to 
assess payments, journey times and traffic tracking to enhance 
scheduling and vehicle management and effectiveness of the overall 
transport network, using data streaming in from an array of sources 
such as bus timetables, inductive-loop traffic detectors, AVL, CCTV, 
mobile phones and automated fare collection 

� Despite the large volumes of data available, a key challenge is to 
make sense of the data and utilise it effectively

� Increasingly, however, transport data analysis and modelling are 
being transformed with help from machine learning techniques and 
the Big Data platform – analysts are becoming more capable of 
making sense of large real-time traffic data streams as well as 
supporting large-scale traffic simulation. Participants in the data, 
technology, and research sectors have been assisting transport 
agencies with the utilisation of this data

� With the collaboration between the transport sector and Big Data, there is a challenge in that the understanding, insights, and nuances developed 
within the transport world over several decades are unknown to the data analytics world

� As summarised by the OECD in a 2015 report titled Big Data and Transport, the volume and speeds at which data today is generated, processed, and 
stored is unprecedented and will fundamentally alter the transport sector. The fusion of purposely-sensed, opportunistically-sensed, and crowd-
sourced data can reveal unsuspected or unobserved patterns and generate new knowledge about transport activity and flows

Visualisation of traffic incidents

ILLUSTRATIVE

(Expanding circles indicate incidents and the surrounding traffic conditions)

Source: L.E.K. research and team expert interviews; OECD; CSIRO website; MIT SENSEable City Lab
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Data analytics – payments, journey, traffic

Data analytics can assist in the predictability of public transport

D

Source: L.E.K. research and interviews; Analytics magazine; CSIRO website

Big Data - Dublin

� The Dublin City Council (DCC) Roads and Traffic Department 
sought to improve the efficiency of its bus network by gaining 
deeper insight into bus congestion, responding appropriately

� IBM is helping the DCC use Big Data to provide these insights, 
helping to improve traffic flow and better mobility for commuters

� The Big Data streams in from an array of sources and for over 
1,000 buses – bus timetables, inductive-loop traffic detectors, 
CCTV cameras and GPS bus updates through AVL technology

� Key components of the platform include:

- real-time geospatial data from c.1,000 buses and timetables 
are integrated with a digital map of the city

- ability for traffic controllers to use digital maps and 
dashboards for network monitoring

- ability to see congestion forming in real-time, and instantly 
snap to CCTV feeds to identify the root cause and 
intervention strategies

Case studies

CSIRO – Advanced Data Analytics in Transport

� The Commonwealth Scientific and Industrial Research 
Organisation is working alongside public and private sector 
organisations to improve the planning, design, operation, and 
maintenance of urban road networks

� It has delved into machine learning perspectives for advanced 
analytics in transport, looking at a range of tools that could be used 
by transport policy makers, including for:

- predicting near future congestion
- predicting secondary incident locations
- incident duration prediction
- traffic watch
- mobility monitoring
- key road performance reports
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Data analytics – payments, journey, trafficD

An investment in data analytics comes at a relative ly low cost when compared 
to the potential benefits

Potential benefits vs. costs

� Data analytics technologies can provide a range of potential benefits:

- improved journey times through real-time identification and mitigation of congestion, analysis and alleviation of common bottlenecks within the 
network. This will also improve customer satisfaction levels

- improved overall network efficiency and reliability, through more effective planning and decision making based on data
- improved safety levels via the processing of real-time data regarding vehicle operation and the surrounding environment to avoid conflicts

“… Anywhere there is an unscheduled stoppage, we can look to see what portion of buses are also stopping at that particular location. Then we can consider what 
intervention strategies may be required …”

“… With data analytics, we are able to do a comprehensive before and after analysis of problems in the network …”

“… [data analytics] has really altered the way we deal with things. Many things that have been done through the data that have improved bus flows and journey times. Quite a 
range of improvements have occurred …”

Head of Technical Services – Roads and Traffic, Dublin City Council (Ireland), 2 November 2016

� The cost of developing data analytics, and the operating cost (including a dedicated project team) is low relative to the benefits that could be gained

“… Getting the software developed was around €400-500k in total. But bare in mind that it has shaved minutes off various locations. The cost of civils and interventions vs. the cost of 
data analytics is very effective…”

“… Our project team costs around €200k per year to run…They would be turning over far more journey time savings than it costs…”

Head of Technical Services – Roads and Traffic, Dublin City Council (Ireland), 2 November 2016

� The main barrier to implementation is ensuring the infrastructure is in place to support data analytics. For example, AVL, real-time information, CCTV, 
and traffic loop detectors all feed in to the data analytics system

� A potential risk is that there is potential for a poor return on investment if the data is not properly understood or utilised

“… Lining up the technology is only one element – you also need the people to drive it. Initially we weren’t seeing an instantaneous return because we didn’t have the resource to use 
it. We now have a project team analysing the data…”

Head of Technical Services – Roads and Traffic, Dublin City Council (Ireland), 2 November 2016

Source: L.E.K. research, interviews, and team expert interviews
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Data analytics can create operational improvements and cost savings for 
operators, as well as improve customer experience

Source: L.E.K. research, interviews, and team expert interviews

Data analytics – payments, journey, trafficD

� Potential benefits include:

- improved network efficiency and journey times

- customer satisfaction

- network reliability improvements

- informed planning

- safety improvements

- low cost compared to the potential benefits

� Inability to make sense of the data, or use it in an effective way

� An underlying risk with all big data platforms is around privacy concerns, and the possibility that the use of data becomes highly 
regulated

� The understanding, insights and nuances developed within the bus world over several decades are unknown to the data world, so
parties from both sides should collaborate in the data analytics journey

� Initiative is used alongside other advanced bus solutions such as AVL and Real-Time Passenger Information

Key considerations

Description: Making sense of large real-time traffic  data streams
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Dynamic scheduling

Dynamic scheduling involves responsive scheduling a s part of a fleet 
management system and dynamic terminal shelter syst ems

Overview

E

Source: L.E.K. research and team expert interviews; Dublin City Council

� Dynamic scheduling can be realised in two ways:

- responsive scheduling

- dynamic terminal shelter systems

� There are three levels (or time-frames) at which responsive scheduling 
can be done:

- at the route and service level planning phase, using all the data 
acquired from operations and fare collection systems to 
constantly review and revise. This could include different 
schedules for different days of the week, for example. This 
requires the internal business processes to be able to respond 
quickly

- pattern tracking, which monitors travel demand and traffic 
conditions on the day, and adjusts service level, schedule or 
dispatching in anticipation of how such patterns usually play out

- real-time response, adjusting the schedule to the actual 
conditions at the time

� High-frequency routes tend to operate on headway rather than 
schedule. This means a lot of adjustment can go on behind the scenes 
without being noticed by the customers, or without much need to 
communicate the changes to them. The customer still just sees the 
number of minutes to the next bus on each route option. This leads to a 
frequent headway service and less congestion of buses along a route Dublin City Council Tableau output, 

demonstrating bus congestion / bunching

Congestion

� AVL systems combined with fleet management systems are integral to 
the feasibility of providing headway operated systems

� The issue of station capacity at terminals can be relieved by dynamic 
systems whereby the buses are assigned a specific stop and 
passengers are notified of the location for their particular service by 
looking at a real-time information interface that will direct them to the 
appropriate stop 
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At the new Perth Busport, buses depart from differe nt stands for each trip to 
maximise station efficiency

Case studies

Source: L.E.K. research, interviews, and team expert interviews; Transperth

Seoul BRT

Dynamic schedulingE

Perth Busport

� As the final component of the Perth 
City Link project, which aimed to 
reconnect Perth CBD and Northbridge, 
the underground Perth Busport started 
operating in July 2016

� Transperth claims that the station is 
the first in Australia to work more like 
an airport, with buses departing from 
different stands for each trip to 
maximise efficiency

� For the customer, the Busport works in 
the following way:

- ‘sit’, where customers are asked to ‘grab a seat’ and to find 
their bus on the screen and wait for it to arrive and be 
allocated a stand

- ‘stand’, where customers are asked to ‘watch the screens’ 
for their stand number, which will be allocated at least two 
minutes before the bus is due to depart

- ‘go’, where customers are asked to head over to their stand 
and ‘jump on board’ once the bus is allocated a stand 

� Using a feed of ‘BMS’ data and ‘T-money’ card data allows the 
BRT operator in Seoul to link travel time and speed with 
headways. The following analyses can be carried out:

- demand pattern: variation in time and location

- minimum level of service: maximum headway and 
maximum ridership per vehicle

- optimisation: number of vehicles per line, optimum 
schedule and optimum manpower

� The bus management and information systems ultimately lead 
to a reduction in fleet congestion when the dispatch of vehicles 
is controlled to manage headways, not a time point schedule
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Dynamic scheduling can result in reliability improv ements, reduction in fleet 
congestion, and increased terminal capacity 

Source: L.E.K. research and analysis

Dynamic schedulingE

� Potential for reliability improvements when a headway based approach is used

� Potential for a reduction in fleet congestion by enhancing recovery time

� Potential for increased terminal capacity when dynamic terminal docking and passenger information systems are employed

� AVL authentication capability needs to be considered to ensure sufficient accuracy is captured

Key considerations

Description: Headway managed services and terminal c apacity management
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Detailed overview of advanced bus initiatives: Custo mer interface

Infrastructure
1

Vehicle technologies
2

ITS technologies
3

Customer interface
4
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Customer experience

A variety of technologies can be applied to advance d bus to enhance the overall 
customer experience throughout all stages of a jour ney

Overview

A

Source: L.E.K. research and team expert interviews 

Pre-journey Journey

Real-time information /
journey planning

Systems to provide passengers with up 
to date and ‘real-time’ data on arrival and 

departure times, as well as more 
accurate and informed journey planning

Payment methods

New payment technologies, such as 
open-loop ticketing, and customised 

pricing strategies can help to improve the 
customer experience 

Journey quality

Consideration of internal configuration, 
amenity features, and ride quality can all 
contribute to a more enjoyable journey

� The overall customer experience of advanced bus throughout all stages of a journey can be enhanced by implementing various technological and 
design changes 

� Real-time information systems, advanced payment systems, and advanced internal design and features are examples of solutions that could create a 
more seamless, comfortable, and enjoyable customer experience: 

4
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Customer experience

Advanced bus systems can be linked to Real-Time Pas senger Information 
systems, providing ‘real-time’ data and improved jo urney planning

Overview – Real-time information / journey planning

A

Source: L.E.K. research and team expert interviews

Pre-journey Journey

Real-time information
/ journey planning

Payment methods Journey quality

� Advanced bus systems can be linked to the Real-Time Passenger Information (RTPI) systems, which provide passengers with up to date and ‘real-
time’ data in relation to the arrival and departure times of the vehicles on the route, and the distances to the next destination (on board and at the 
stations) or any delays within the advanced bus system

� RTPI systems are installed to help to reduce ‘waiting anxiety’ and to improve overall passenger satisfaction. The systems allow for passenger 
information displays in text, but also has audio functions duplicating real-time passenger information, in order to assist the visually impaired (at the 
stations and on-board)

� RTPI technology is also closely linked to efficient journey planning. Real-time data allows for more accurate journey time planning, as well as live 
updating of routes based on real-time information. The mapping and network visualisation tools associated with journey planners offer additional 
value to customers, and should be used alongside physical network maps

� Providing the customer with detailed information that demonstrates timeliness and predictability over a period of time, can ensure confidence in the 
system and increase ridership

� In the longer term, this can influence user behaviour so that customers no longer spend more than a few minutes waiting at bus stops. Ultimately, this 
could reduce the number of passengers at bus stops and at stations, and would be particularly valuable at stations serving multiple routes
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Customer experience

There is a movement away from smartcards to contact less credit / debit cards 
and mobile application payment methods

Overview – Payment methods

A

Source: L.E.K. research and team expert interviews; Transport for London; MasterCard

Pre-journey Journey

Real-time information
/ journey planning

Payment methods Journey quality

� Transport agencies around the world have implemented proprietary smartcards - such as Oyster (London), Opal (Sydney) and HOP (Auckland) – for 
public transport payments. These are ‘closed-loop’ systems, where the smartcards are only operable on the agencies’ own proprietary system

� More recently, transport agencies are embracing ‘open-loop’ ticketing, which enables customers to pay for transport directly with contactless bank-
issued cards and smartphones, removing the need for the purchase of a proprietary smartcard or ticket. Over 10 open-loop systems have already 
been delivered around the world, including in London, Utah, and Chicago. Numerous other deployments are currently in progress

� There is a recognition from transport agencies that open-loop payments can, amongst other benefits, improve the customer experience. It makes 
travelling on public transport more convenient for local and non-local passengers, as there is no longer a need to purchase the local smartcard, nor to 
understand the local ticketing system. The customer will simply be able to ‘tap-on’ or ‘tap-off’ using their smartphone or bank card

� Another new movement within transport payment systems is Mobility as a Service (MaaS). This involves the idea of all transportation converging with 
tailored payment options. The model combines public transport, demand-based traffic, and private mobility services to offer door-to-door journey 
options to customers. Monthly subscription models are used for payment, which are offered in certain packages depending on the customer’s needs

� Additionally, many jurisdictions with electronic ticketing technology have introduced customised pricing models, where customers are offered 
discounts, rewards, or caps based on their frequency of travel 
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Customer experience

A number of the initiatives already discussed can i nfluence the journey quality 
experienced by customers 

Overview – Journey quality

A

Source: L.E.K. research and team expert interviews 

Pre-journey Journey

Real-time information
/ journey planning

Payment methods Journey quality

� A key aspect of a bus solution, from a customer experience perspective, is the journey itself. Traditionally, buses have struggled to compete with 
other forms of transport on journey quality due to factors such as:

- slow journey times, largely attributable to traffic and inefficient operational processes (such as boarding and payment)
- noisy, bumpy, poorly air-conditioned trips
- limited space inside the vehicle, making buses uncomfortable for passengers and detrimental to passenger flow

� There is an opportunity to reshape the public’s perception of buses by creating a higher quality experience on bus journeys. Ways that this could be 
achieved include:

- redesigning internal configuration and seating to increase visual aesthetic, improve passenger flow, and create a more spacious environment 
for passengers

- redesigning external configuration, (e.g. number and width of doors, location of front axle, low floors) to increase ease of boarding and alighting
- use of electric propulsion systems to create a smoother, quieter, environmentally-friendly ride
- use of segregated bus lanes, priority signalling, etc. to reduce time stuck in traffic
- increased amenities on board such as WiFi and USB charging ports
- improvements in ventilation and lighting
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Real-time information system providers such as IVU Traffic Technologies 
typically offer a range of products alongside the r eal-time product

Potential vendor for real-time and journey planning  systems

Note: * IVU merged with TTI systems in 2000 to provide additional capabilities in the areas of real-time operative control
Source: L.E.K. research; IVU company website

� IVU was founded in 1976, is headquartered in Berlin and provides services to over 500 
customers in over 30 countries including the UK, Germany, France, Colombia, Hungary, 
Sweden, and Australia 

� IVU provides services including Real-Time Passenger Information, integrated journey planning 
and fleet management software through a range of software and hardware solutions

Customer experienceA

IVU Traffic Technologies AG
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Transport for London provides real-time information  on its buses and 
smartphone apps

Case study – Real-time information

Source: L.E.K. research and analysis; IVU company website

Transport for London: Real-time information

� London Buses has delivered a range of customer information 
benefits as a result of the introduction of the iBus system

- on-board ‘next stop’ audio-visual announcements

- increased accuracy of bus arrival time prediction

� Transport for London uses IVU for its Real-Time Passenger 
Information services

Customer experienceA

Used by TfL for Real-Time Passenger 
Information on London buses
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Public transport in London can now be paid for usin g either contactless cards 
or equivalent smartphone payment applications

Case studies – Payment methods

Source: L.E.K. research and interviews; BART; San Francisco Chronicle; SFCTA; Transport for London; Telegraph UK 

Open loop system and mobile payments in London

� London has implemented an open-
loop system allowing bank issued 
credit / debit cards to be used on 
buses, Tubes, trams, DLR, London 
Overground, TfL Rail, River Bus and 
National Rail services. The roll-out 
was completed in September 2014

� The system has extended to 
smartphone applications, examples of 
compatible applications include:

- Apple Pay
- Android Pay
- bPay
- Vodafone SmartPass

BART Perks, San Francisco

� ‘BART Perks’ in San Francisco aims to 
incentivise travel outside of peak commute 
times and is being implemented by San 
Francisco’s County Transportation Authority 
(SFCTA) and Bay Area Rapid transit (BART) 

� A $1.6m six month trial is running in until the 
end of February 2017, with the aim of enlisting 
25,000 participants

� Participants earn points for riding BART outside 
the peak period and referring friends – these 
points can be redeemed for small cash rewards 
or used to play games such as spin-the-wheel

Customer experienceA

� The main reason for the initiation of the program was because of 
the extreme crowding on the BART system, particularly going in to 
San Francisco. The potential benefits include reduced congestion 
in the peak, induced demand on to the system and the program 
may boost the relationship between the agency and customers

� The program was modelled off a similar one conducted in 
Singapore and was designed by ‘Urban Engines’

� Of the c.200,000 daily BART riders, as of the end of October 2016, 
c.17,000 users had signed up to the system

� The program is still in the early phases, so no evaluations have 
been carried out to determine whether the program has 
successfully reduced congestion on the BART 
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Customer experience

Mobility as a Service offers solutions based on the  travel needs of the user

Case studies – Payment methods (cont.)

A

Source: L.E.K. research and interviews; ITS Finland; ITS International; passengertransport.co.uk

Mobility as a Service

� ITS Finland alike Mobility as a Service to the ‘Spotify of 
Transport’ where you could have different packages: 
commuter, business, or family packages

Adelaide smartphone trial

Cubic’s ‘check in, be out’

� Cubic has been running a trial of a new mobile based ticketing 
system in Germany this year

� Customers download an app for their phone, which detects buses 
approaching and enables them to ‘check in’ for their journey. 
When leaving, a Bluetooth beacon on the vehicle detects when 
the customer leaves the bus and fares are charged accordingly 

“… Our biggest new technology is ‘check in, be out’, which is a mobile ticketing 
system where your phone is your beacon …”

NextBus Product Manager, Cubic Transportation Systems (UK), 27
October 2016

“… It amazes me how many people still see smartcard ticketing as a holy grail 
to strive for… its 30 to 40 years old …”

External Affairs Director, Cubic Transportation Systems (UK), 
February 2016
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Customer experience

Many locations around the world have introduced adv anced bus designs and 
technologies that improve journey quality

Case studies – Journey quality

A

Source: L.E.K. research; Transport agency websites

Van Hool’s ExquiCity bus

� ExquiCity was designed by Van Hool in 2010 and it claims that it ‘offers a realistic 
solution to the demand for safer, greener, more efficient and economic urban 
transport by combining the flexibility of a bus with the comfort and the punctuality of 
a light railway.’ The idea was to make it as similar to a light rail as possible in terms 
of comfort, smoothness, and stylishness, but without the associated light rail costs

� Van Hool wanted to create a new standard in passenger comfort with a spacious 
and flexible interior layout, with the flow of passengers being very important for the 
operator. For this reason, the interior concept designs are flexible, with various 
seating and standing arrangements, but all with a consistent low floor design

� Geneva is planning to add a dozen electric 
buses to its municipal service, contracting 
ABB to set up a ‘flash-charging’ network

Global electric bus examples

� In 2016, Singapore’s transport authority 
announced the introduction of new 
double-decker buses with a range of 
features, including:

- low floors, two staircases and three 
exits for easy boarding / alighting

- USB ports for passengers
- greater capacity than standard buses, 

with 85 seats (nearly twice the 
capacity of a standard two-door bus)

Singapore double-decker buses

� Sydney Airport has introduced the ‘Electric 
Blu’ bus as part of a $5m investment, 
replacing the Airport’s existing diesel bus 
fleet
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Seoul drastically improved its public transport sit uation in the early 2000s by 
taking a holistic approach to its reform strategy 

Case study – Overall customer experience

Source: L.E.K. research and analysis; World Bank 

Seoul, South Korea

� In the early 2000s, Seoul was faced with a low quality public transport system and high congestion 
on its roads due to high growth in population and registered vehicles

� As part of its public transport modernisation / reform strategy, Seoul introduced a range of 
measures including:

- addition of median transitways and bus lanes
- an integrated, multi-modal fare system (with smartcard and open-loop payment systems)
- central bus operation centres with new systems such as Real-Time Passenger Information 

systems
- Compressed Natural Gas (CNG) buses instead of diesel

Customer experienceA
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Results of the Seoul Transport Reform (STR):

� Increases in:

- network capacity

- public transport speeds

- reliability, safety

- passenger satisfaction
- bus and train trips by c.250k per day from 

2004 to 2006

� Decreases in crowding, bus opex and accidents

Seoul CBD, 1974
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Customer experience

Barcelona is redesigning its bus network, according  to principles of ease of use, 
efficiency, and resource management to improve the customer experience

Case study – Overall customer experience

A

Source: L.E.K. research and team expert interviews; Transports Metropolitans de Barcelona

Barcelona’s new bus network

� The bus network in Barcelona started as the heir to the tram network of 
the previous century. As the city grew, routes were extended and 
superimposed until a network was created that was illogical with slow 
and infrequent journeys

- good links were only available from the city centre to the 
outskirts

- too many redundant routes, which led to a less efficient system
- the only way to increase patronage was by adding more 

resources
- no significant changes had been made to its layout since 2001
- even regular passengers found it difficult to use

� As a result, the Transports Metropolitans de Barcelona is redesigning 
the bus network according to the criteria of ease of use, efficiency, and 
resource management. Once fully introduced, passengers will have:

- a more intelligible, more frequent bus network 
- shorter waiting and journey times
- improved links between modes of transport (90% of journeys 

able to be made with zero to one transfers)
- enhanced, environmentally friendly vehicles

� Once fully operational, the new network will comprise 28 routes, 
compared to five routes in 2012
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A key benefit from improving customer experience is  the potential to change 
attitudes towards buses and drive incremental patro nage

Potential benefits vs. costs

Customer experienceA

� Improvements to customer experience on buses will drive overall customer satisfaction and change the public’s attitudes towards buses as a mode of 
transport

- journey times can be reduced through the use of segregated bus lanes and priority signalling to reduce the time spent in traffic
- electric or hybrid vehicles can create a quieter, smoother journey for customers – a major change on what is recognised as a standard bus 

experience
- changes to external and internal configuration, and advanced payment systems can increase space limitations, improve passenger flow within 

the bus, and reduce dwell times
- Real-Time Passenger Information systems can help to reduce ‘waiting anxiety’ and improve overall customer satisfaction. In the longer term, 

this can influence user behaviour so that customers no longer spend more than a few minutes waiting at bus stops. This could ultimately reduce 
congestion at busy bus stops and stations

- accurate journey planners can remove complexity from a customer’s journey experience, particularly for multi-modal journeys

� Many of the initiatives mentioned that could improve the customer experience are relatively easy and cost-effective to implement, such as internal and 
external configuration, real-time information software, priority signalling, and extra amenities such as WiFi and USB charging ports:

“… To install real-time software on a well-known interface to the CAD AVL system, the time of implementation could be around two weeks inclusive of testing. It is a commercial, off-
the-shelf piece of software…[However,] hardware delivery and implementation will create longer lead times, such as installation of signs, connection to the network, digging work, etc. 
…”

Director, Asia-Pacific Business Development, IVU Transport Technologies (Germany), 31 October 2016

“… A project in Martinique started intending to use tram, but switched to BRT, as it was lower than 50% of the cost budgeted for tram…” 
Manager, Public Transport, Van Hool (Belgium), 2 November 2016

“… [Electric vehicles] cost more, c.15-20% more than the equivalent diesel bus…I haven’t managed to work out the breakeven [time] but my rough estimate is somewhere between 3-5 
years – [electric buses] are significantly cheaper [than conventional buses to run]

Commercial Manager, AVASS (Australia), 25 October 2016

� Most of the initiatives are relatively low risk with minimal barriers to implementation. However, a key part of improving the traditional bus experience is 
reducing travel times and – in particular – reducing time stuck in traffic. Addressing this aspect requires a relatively higher level of infrastructure 
investment

- It should be noted also that the ultimate goal of improving the customer experience is to induce demand onto public transport

Source: L.E.K. research, interviews, and team expert interviews

4



106

A variety of initiatives can be used to improve cus tomer experience on a bus 
network, at varying costs and complexity levels

Customer experienceA

� Customer satisfaction, and improving public perception of buses as an attractive mode of transport is driven by:

- reduced journey times

- more comfortable journeys resulting from less noise, smoother driving and on-board amenities

- capacity / space improvements

- reduced dwell times at stops

- more accurate arrival and departure information, as well as more effective journey planning

� Most initiatives are easy and cost-effective to implement as well as maintain and must be reinforced through 
contracts

� The initiatives work best as an integrated package

Key considerations

Description: Improve customer experience through imp lementation of various initiatives

Source: L.E.K. research and team expert interviews
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Connectivity

An ABS option can include technology to increase cu stomer connectivity to 
public transport by addressing last-mile trips and increasing coverage area

Overview

B

Source: L.E.K. research

Providing for last-mile trips

� The ‘last-mile’ of trips (to / from a station where a 
passenger may have to drive or walk) is considered to be a 
deterrent to public transport usage

� New technologies and complementary modal options are 
being implemented in the form of micro-transit to support 
last-mile trips. For example, on-demand feeder buses, 
walking and cycling infrastructure, bikeshare systems with 
electronic bikes, rideshare apps and park and ride 
infrastructure

Demand responsive transport

� Advances in vehicle management, data analytics & 
customer interface means that flexible scheduling in an 
advanced bus system context can be realised:

- providing demand responsive transport for users to 
enable easy access to the main bus line, where 
customers request a service providing flexibility and 
convenience

- this would be expected to drive patronage on the 
main bus line

- a demand responsive option also creates efficiencies 
for transport operators, as they are able to serve a 
wider area and areas where there would normally be 
low ridership with targeted services

Standard transport system

Optimised transport system (with Mass Rapid Transit  and DRT)

Mass Rapid Transit

DRT

Separate bus routes operate in tandem passenger cars, where it is difficult to 
connect to a bus route due to inconvenience 

A Mass Rapid Transit (MRT) system operates along a main route, with demand 
responsive transport options connecting passengers that would normally drive to the MRT

DRT

4
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Last mile connection technologies have already been  implemented or tested 
around the world, at varying levels of complexity ( 1 of 2)

Case studies

Source: Queensland Government; Siemens

DRT - Queensland

� Queensland is set to lead 
Australia in Demand 
Responsive Transport, 
leveraging new technologies 
and trialling new forms of 
passenger transport to 
deliver greater choice for 
Queenslanders 

� The Queensland 
Government believes that the 
smartphone has really 
created the opportunity for 
DRT to change the way 
people view passenger 
transport

Connectivity

� The Department of Transport and Main Roads is looking for 
service providers who are interested in being part of DRT trials in 
Queensland, starting next year

“… [DRT] is the next evolution of the booked transport market 
and involves using trip booking technology, flexible routes and 
shared rides to meet customer needs …”

Stirling Hinchliffe, Queensland Minister for Transport

B

DRT - Siemens

� Siemens, through SiMobility Connect, is involved with DRT and 
transport sharing technologies around the world in places such 
as Berlin, Cologne, Switzerland, Boston, and Ireland

� Siemens’ technology provides the integration layer between the 
front-end retail layer (e.g. apps, payment, journey planner) and 
the operations layer (e.g. fleet management, real-time tracking, 
pricing, driver on-boarding, etc.)

Route request Route selection Times and cost Ticketing

4



109

Source: L.E.K. research; Tokyo University On Demand Bus Research Team; Beeline Singapore; Land Transport Authority, Singapore; Uniservices; Microtransit provider 
websites

Case studies (cont.)

Tokyo University On Demand Bus – Japan 

Beeline - Singapore

� Beeline was launched in 2015 by the 
Infocomm Development Authority (IDA) 
and Land transport Authority (LTA) in 
Singapore

� The mobile app allows commuters to pre-
book rides on express private bus routes 
(initially ‘Bus-Plus’)

� The system operates as a marketplace for 
crowdsourced bus services where routes 
are derived from insights obtained from 
transport data and community demand –
users are encouraged to suggest new 
routes 

Connectivity

� Tokyo University have developed an ‘On Demand’ bus that does 
not have to waste time going to stops where there are no 
passengers

� The algorithm only adds passengers to the extent that they will not 
interfere with reservations already established 

� The team claim to have created a system that is automatic and 
relatively inexpensive

B

Microtransit: providing for last-mile trips

BiciMAD - Madrid

� Madrid’s new public transport service, 
BiciMAD uses c.1,500 100% electric 
bicycles distributed among c.120 
stations

Bridj – Kansas City

� Powered by billions of data points, 
Bridj’s platform determines where 
riders want to go and how to get them 
there most efficiently. Using the Bridj 
mobile app, riders can request on-
demand shuttle services that they can 
access via pop-up shuttle stations

VIA – New York

� Via aims to fill the gap between public 
and private transportation, where the 
service essentially combines the 
cheap, communal ride of a bus with 
something close to the door-to-door 
service of a cab. It is the goal that 
users will not have to walk more than 
a block or pay much more than $5

4
Last mile connection technologies have already been  implemented or tested 
around the world, at varying levels of complexity ( 2 of 2)
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� Last mile connections provide an incentive for customers to shift from private cars and on to public transport, by servicing areas of low coverage and 
making it easier to access main public transport trunk routes. The overall transport experience for the customer is improved as they can book an 
entire, door-to-door journey from a single application. Ultimately, this is likely to increase demand on public transport services

“… Demand responsive transport is making it easier for journey planning…and can incorporate Ubers, taxis, bus services, and all other modes of transport…From the customer’s 
perspective, it is just one application and one payment …”

Business Development – Intelligent Traffic Systems, Siemens Mobility (Australia), 2 November 2016

“… In Switzerland and Cologne we have produced data to say that [DRT] is supporting an increase in patronage on the public transport network by 28% …”
Head of Business Development and Strategy, Siemens Mobility (Australia), 2 November 2016

� Connectivity technologies allow a transport operator to service a wider geographical area and areas where it would typically be unfeasible to offer fixed 
schedule services due to low ridership. Additionally, they can be used to reduce services during times of low-demand (e.g. off-peak periods) where 
fixed schedule services may suffer from low capacity rates

� The underlying technology is not considered expensive. Additionally, cost savings from last mile technologies are likely as a result of only operating 
services where there is truly demand for them (i.e. lower frequency of services), dispatching different types of vehicles based on demand level, and 
through reduced infrastructure spend (reduced need to build facilities for car parking, park and ride, etc.)

“… Transport Authorities have a service guarantee to the public – a lot of services will run at significantly low cost and some will be there with very low patronage…but the authority still 
has to operate it. With DRT, the service only operates if people have made a booking …”

DRT Project Director, TransLink (Australia), 27 October 2016

“… Feeder routes are notoriously loss-making. DRT is a good way to offer a fairly high coverage area without committing to serve every area at every time …”
Team expert, 3 November 2016

“… [The underlying technology] is not expensive, and is being used by a number of cities overseas …”
Head of Business Development and Strategy, Siemens Mobility (Australia), 2 November 2016

� Key risks or downsides to last mile connection technology relate to accessibility and uncertainty:

- given DRT and last mile connection platforms are technology driven, only those who a) have access to the relevant technology and b) know 
how to use the technology will become adopters. This presents some challenges to those without smartphones, and the elderly / impaired 
populations

Connectivity technologies improve the customer expe rience and have been 
shown to increase public transport patronage, at re latively low cost

ConnectivityB

Potential benefits vs. costs

Source: L.E.K. research, interviews, and team expert interviews
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Connectivity options can increase demand on main pu blic transport trunk lines 
as well as improve operating efficiency with relati vely little capex required

Source: L.E.K. research and team expert interviews; Siemens 

ConnectivityB

� Benefits include:

- induced demand on to public transport, enabler of intermodal transport 

- customer satisfaction (Siemens reported up to 50% reduction in waiting time for travellers)

- flexible routes and ad-hoc schedules (for first and last mile as feeder service to public transport), as well as a substitute to fixed 
line services where that is not economical)

- relatively low capex, and likely to decrease opex (e.g. lower coverage needed, and ability to remove services running at low 
capacity). Siemens reported up to 50% less vehicle miles for operators

- ability to feasibly serve a wider geographic area

- scope for ancillary savings e.g. on infrastructure spend for car-parks, park-and-ride, etc.

- flexibility in size and type of vehicle dispatched

� Social argument against a wholly technology-based platform, as it disadvantages certain groups from accessing public transport

� A potentially useful way of using last mile connections is to operate fixed routes at peak times when commuter patterns tend to be 
consistent, and then use DRT in off-peak periods and weekends

Key considerations

Description: Last mile connections (e.g. microtransi t and demand responsive transport)
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Queen St (Customs St to Mayoral Dr)1

AART
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Upper Queen St (Mayoral Dr to Ian McKinnon Dr)2

AART
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Dominion Rd to Mt Roskill Junction3

AART
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AART+

Queen St (Customs St to Mayoral Dr)1+
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AART+

Upper Queen St (Mayoral Dr to Ian McKinnon Dr)2+
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AART+

Dominion Rd to Mt Roskill Junction3+
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� The value of travel time savings due to improved average speed 
for:

- existing ABS users

- new ABS users

Calculation of travel time benefits to existing and new users

CalculationDefinition

Methodology

� The total new and existing public transport users, and number of 
ABS passenger trips were generated by the ART3 / APT3 models 
for 2026, 2036 and 2046

� The ratio of new to existing public transport users was used to 
distribute the number of existing and new ABS users, and the 
data for the years between 2026, 2036 and 2046 was linearly 
interpolated

� The average improvement in travel time minutes was calculated 
by comparing the average ABS corridor time against the average 
travel time for the CEE4 base case (ART3 / APT3 model output)

� The value of time for urban commuters was sourced from the 
EEM

� A reduction factor of 50% was applied to all users to account for 
users who do not travel the whole length of the route, and new 
users received a further 50% reduction (rule of half)

� The interpolated data was then discounted to the base year 
(2016) using the standard discount rate (6%) in order to calculate 
the net present value (NPV) of the travel time benefit

Source: NZTA Economic Evaluation Manual; L.E.K. analysis

Travel time benefit ($)

Value of time (VoT, $/hr)

ART3 / APT3 output: ABS passenger trips

Travel time savings (minutes)

Annualisation factor (2hr peak AM to annual)

Scaling factor (average trip length)
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Methodology

Calculation of decongestion benefit (network-wide)

CalculationDefinition

� The value of the reduced level of road traffic congestion in 
the network

� The dollar values for the decongestion benefits were 
generated by the ART3 / APT3 models for the analysis 
years (2026, 2036 and 2046)

� The data for the years between 2026, 2036 and 2046 was 
linearly interpolated

� The interpolated data was annualised using the current 
ART3 / APT3 factors

� The interpolated data was then discounted to the base year 
(2016) using the standard discount rate (6%) in order to 
calculate the net present value (NPV) of the decongestion 
benefit

Decongestion Benefit ($ for 2026, 2036 & 2046)

Decongestion benefit (NPV $)

Linear interpolation

Discounted

Source: NZTA Economic Evaluation Manual; L.E.K. analysis

Annualisation
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Definition

Methodology

Calculation of reliability benefit to new and existi ng bus passengers

Calculation

� The value of reduced variability in bus journey times to 
existing bus users

� The total new and existing public transport users, and 
number of ABS passenger trips were generated by the 
ART3 / APT3 models for 2026, 2036 and 2046

� The ratio of new to existing public transport users was used 
to distribute the number of existing and new ABS users, and 
the data for the years between 2026, 2036 and 2046 was 
linearly interpolated

� Values for the equivalent time to a minute late ratio (EL) and 
vehicle travel time (VTT) was sourced from the EEM, and 
average minutes late (AML) was assumed to be one minute

� The reliability benefit was calculated for new and existing 
ABS users, with new users only receiving 50% of the AML 
benefit

� The NPV of the reliability benefit was calculated using the 
standard discount rate, and the incremental benefit was 
determined by the difference between AART and AART+

� As per the EEM, the reliability benefit cannot exceed the 
travel time benefits for ABS users

ART3 / APT3 output: ABS passenger trips

Reliability benefit ($)

Equivalent time to a minute late ratio (EL)

Vehicle travel time (VVT, $/hr)

Reduction in average minutes late (AML)

Annualisation factor (2hr peak AM to annual)

Source: NZTA Economic Evaluation Manual; L.E.K. analysis
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Definition

Methodology

Calculation of noise benefits

Calculation

� The value of public health benefits (sleep and speech 
disturbance, stress and psychological impacts) due to 
reduced ambient noise from buses (e.g. progressive 
introduction of electric buses)

� The number of properties affected was calculated by 
assuming a density of 100 properties per kilometre along 
the routes defined in the ABS options, and this remained 
constant throughout the evaluation period

� The reduction in average noise was a comparison of hybrid 
and electric buses against standard diesel buses. The ABS 
headways and scheduling were used to determine the 
proportion of the day (5am to 12pm) during which buses 
were audible, and thus the average noise generated by 
each propulsion type and the reduction in average noise by 
switching propulsion types

� Initially, buses were hybrid and were switched to electric in 
2036

� The NPV of the noise benefit was calculated using the 
standard discount rate, and the incremental benefit was 
determined by the difference between AART and AART+ Noise benefit ($)

Reduction in average noise (dB)

Number of properties affected

Property density (properties per km)

ABS route length (km)

Value of noise per dB per property per year

Source: NZTA Economic Evaluation Manual; L.E.K. analysis
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Definition

Methodology

Calculation of emissions benefits

Calculation

� The value of a reduction in emissions based on a defined price for 
CO2, NOx and PM10 from buses (e.g. using progressive 
introduction of electric buses), and from passengers diverted from 
cars to public transport

� ABS bus kilometres were calculated using ART3 / APT3 travel 
times for the ABS services and the number of ABS buses

� The reduction in car kilometres was calculated by assuming: 75% 
of new users are diverted from cars, an average occupancy of 1.4 
people per car (EEM), and the average distance travelled per car 
of 11km (based on a weighted average of ART3 / APT3 km per 
passenger for bus and rail trips)

� It was assumed that hybrid car penetration increases linearly from 
4% in 2026 to 30% in 2046, thus reducing the benefit from 
passengers diverted from cars accordingly

� The values for emission rates and costs were the same as those 
used in previous transportation studies

� ABS bus emissions benefit was reduced by 50% to account for the 
expected transition of public transport to hybrid and electric buses

� The NPV of emissions benefit was calculated using the standard 
discount rate, and the incremental benefit was determined by the 
difference between AART and AART+ Emissions benefit ($)

Emissions rate for CO2 / NOx / PM10 (g/km)**

Kilometres travelled (peak AM period)

Annualisation factor (2hr peak AM to annual)*

Emissions value for CO2 / NOx / PM10 ($/tonne)

Note: * The ABS bus kilometres were annualised using 20 hours of operation per day and 365 days per year, ** CO2 emissions rate (g/km) was calculated using the 
product of energy consumption (MJ/km) and emissions rate (kg CO2/MJ)

Source: NZTA Economic Evaluation Manual; L.E.K. analysis
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Definition

Methodology

Calculation of walking benefits

Calculation

� The health benefit users gain from walking to bus stops

� The total new and existing public transport users, and number of 
ABS passenger trips were generated by the ART3 / APT3 models 
for 2026, 2036 and 2046

� The ratio of new to existing public transport users was used to 
distribute the number of existing and new ABS users, and the 
data for the years between 2026, 2036 and 2046 was linearly 
interpolated

� The average walking distance per trip for new users was 
calculated using the assumptions: roads are in a grid / Manhattan 
formation, the catchment radius for a bus stop is 400m, and the 
average distance between bus stops is 700m. Thus, the average 
walking distance per trip was 544m (walking for first and last 
legs)

� The average additional walking distance per trip for existing 
public transport users to use the ABS was assumed to be 100m 
(first and last legs)

� The NPV of the walking benefit was calculated using the 
standard discount rate, and the incremental benefit was 
determined by the difference between AART and AART+

Walking benefit ($)

Pedestrian health benefit ($/km)

ART3 / APT3 output: ABS passenger trips

Average walking distance per trip (km/trip)

Annualisation factor (2hr peak AM to annual)

Source: NZTA Economic Evaluation Manual; L.E.K. analysis
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Definition

Methodology

Calculation of user amenity benefits

Calculation

� The value of the attributes of ABS and infrastructure to new 
and existing bus users

� The number of ABS passenger trips was generated by the 
ART3 / APT3 model for 2026, 2036 and 2046, and the data 
for the years between was linearly interpolated

� The ratio of new to existing public transport users was used 
to distribute the number of existing and new users 
benefitting from the greater amenity offered by ABS

� The user amenity In-Vehicle-Time (IVT) value was 
calculated by summing the relevant vehicle and 
infrastructure features defined in the EEM, and was 
consistent with previous transportation and BRT studies

� New users only receive 50% of the amenity IVT benefit

� The value of time was taken from the EEM and it was 
assumed all users were commuting during the morning 
peak period and were commuting in congested conditions

� The NPV of the user amenity benefit was calculated using 
the standard discount rate, and the incremental benefit was 
determined by the difference between AART and AART+ User amenity benefit ($)

Value of time (VoT, $/hr)

ART3 / APT3 output: ABS passenger trips

User amenity value (IVT minutes)

Annualisation factor (2hr peak AM to annual)

Source: NZTA Economic Evaluation Manual; L.E.K. analysis
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Definition

Methodology

Calculation of operating expenditure

Calculation

� Annual costs required for operating and maintaining the bus 
fleet, and maintaining the ABS infrastructure

� ABS bus kilometres and hours were calculated using ART3 
/ APT3 travel times for the ABS services, route lengths and 
the number of ABS buses

� Weighted average bus operating costs was calculated for 
costs per hour and costs per kilometre, which accounted for 
peak and off-peak operation, fuel consumption benefits of 
the propulsion systems and bus types / sizes, transition to 
autonomous buses, and transition to electric propulsion

� Bus half-life overhaul costs was assumed to be 20% of the 
purchase price and buses have a useful life of 10 years with 
a 15% residual value

� Annual infrastructure maintenance was assumed to cost 1% 
of the total infrastructure capital expenditure

� The NPV of the expenses was calculated using the 
standard discount rate, and the incremental cost was 
determined by the difference between AART and AART+ Total bus operating & maintenance costs ($)

Electric propulsion 
transition

ABS bus kilometres

Weighted average 
cost per km

Annualisation factor

Source: NZTA Economic Evaluation Manual; L.E.K. analysis

ABS bus hours

Weighted average 
cost per hr

Autonomous bus 
transition

Annualisation factor

Total cost per 
kilometre

Total cost per hour
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Definition

Methodology

Calculation of induced demand (farebox revenue)

Calculation

� The value of additional farebox revenues resulting from 
induced demand on buses

� The average fare per public trip was calculated from the 
total revenue from all public trips and the total number of 
public trips, which were generated by the ART3 / APT3 
models

� The number of ABS passenger trips was generated by the 
ART3 / APT3 models for 2026, 2036 and 2046, and the data 
for the years between were linearly interpolated

� The farebox revenue from induced passenger demand was 
thus calculated using the average fare per public transport 
trip and the ABS passenger trips

� The NPV of induced demand was calculated using the 
standard discount rate, and the incremental cost saving was 
determined by the difference between AART and AART+

ART3 / APT3 output: ABS Passenger trips

Induced demand ($)

ART3 / APT3 output: Total trips
(all public transport modes)

Average fare per trip ($/trip)

ART3 / APT3 output: Total revenue
(all public transport modes)

Annualisation factor (2hr peak AM to annual)

Source: NZTA Economic Evaluation Manual; L.E.K. analysis
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Comparison of capital expenditure for AART and AART+

Note: * Does not include estimated contingency cost of $253m for AART and $306m for AART+; ** Includes D&C contract monitoring; *** Figures might not add to 
totals due to rounding; ^ The number and type of buses remain the same from 2026 to 2046

Source: WT Partners; L.E.K. analysis

Expense item*
AART
($m)

AART+
($m)

Land and Property 0.1 0.1

Investigation and reporting 19.0 22.9

Developed design reporting** 57.0 68.8

Design 60.0 72.4

Roadways 289.8 334.9

Highways 44.9 53.8

Stops 74.4 87.9

Statutory 52.7 80.4

Programme and project management 136.2 164.3

Off-site overheads 98.7 119.1

Client direct costs 3.5 4.5

Fibre optic back bone 2.4 2.4

Depot / control centre 40.0 40.0

Total*** 878.9 1,051.6

ABS infrastructure CAPEX, by expense item (2016)

Expense item
AART
($m)

AART+
($m)

18m articulated buses 37.6 61.6

Double-decker buses 30.6 31.2

ITS costs 1.4 1.9

Total*** 69.6 94.7

ABS bus CAPEX, by expense item (2016)

Type of ABS vehicle AART AART+

18m articulated buses 47 77

Double-decker buses 51 52

Total 98 129

Number of ABS vehicles required, by type^
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Comparison of LRT and ABS capital expenditure assum ptions for running 
surface treatments

Note: * 18m articulated and double decker vehicles, and electric variants
Source: WT Partners; L.E.K. analysis

Comparison of LRT and ABS running surface assumptio ns, by route section

Route section LRT ABS

Queen St – Customs St to Mayoral Dr Rails on concrete slab, basalt paving finish Concrete slab, basalt paving finish

Queen St – Mayoral Dr to Dominion Rd Rails on concrete slab Deep lift asphalt pavement rebuild

Dominion Rd Rails on concrete slab Deep lift asphalt pavement rebuild

K’Road to Newmarket Rails on concrete slab Deep lift asphalt pavement rebuild

Newmarket to Onehunga Rails on concrete slab Deep lift asphalt pavement rebuild

Dominion Rd to Onehunga Ponds Rails on ballast or concrete structure New pavement construction or concrete structure

Onehunga Ponds to bridge interchange Rails on concrete slab Deep lift asphalt pavement rebuild

Bridge interchange to south side of bridge Rails on new elevated structure Existing shoulder running

South side of bridge to Airport Rails on ballast or concrete structure New pavement construction or concrete structure

The running surfaces of the ABS route sections have  been strengthened to accommodate the increases in 
vehicle frequency, quantity and weight*. Furthermor e, the LRT specification was used for the ABS 

pavements. The LRT pavement requirement is substant ially higher than that required for BRT, and thus 
should cover additional expenditure required for Qu eens St or Manukau Harbour bridge running surfaces 
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Breakdown of AART operating expenses, in 2016 price s

Note: * Gradual implementation of autonomous vehicles from 2036 with 50% autonomous fleet in 2046 and 100% switchover to electric buses in 2036; ** Average 
bus life of 10 years and half-life overhaul costing 20% of the purchase price; *** Annual infrastructure maintenance 1% of total infrastructure capital expenditure

Source: L.E.K. analysis

AART OPEX, by expense item and year (2026F-46F)

Year
Bus OPEX

($m)
Bus half-life overhaul**

($m)
Infra. maintenance***

($m)
Total p.a.

($m)
2026F 66.9 - 8.8 75.7

2027F 66.9 - 8.8 75.7

2028F 66.9 - 8.8 75.7

2029F 66.9 - 8.8 75.7

2030F 66.9 - 8.8 75.7

2031F 66.9 13.5 8.8 89.2

2032F 66.9 - 8.8 75.7

2033F 66.9 - 8.8 75.7

2034F 66.9 - 8.8 75.7

2035F 66.9 - 8.8 75.7

2036F* 61.1 - 8.8 69.9

2037F 59.8 - 8.8 68.6

2038F 58.5 - 8.8 67.3

2039F 57.3 - 8.8 66.0

2040F 56.0 - 8.8 64.8

2041F 54.7 13.5 8.8 76.9

2042F 53.4 - 8.8 62.2

2043F 52.1 - 8.8 60.9

2044F 50.8 - 8.8 59.6

2045F 49.6 - 8.8 58.3

2046F 48.3 - 8.8 57.1

Total 1,270.7 26.9 184.6 1,482.2
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Breakdown of AART+ operating expenses, in 2016 pric es

Note: * Gradual implementation of autonomous vehicles from 2036 with 50% autonomous fleet in 2046 and 100% switchover to electric buses in 2036; ** Average 
bus life of 10 years and half-life overhaul costing 20% of the purchase price; *** Annual infrastructure maintenance 1% of total infrastructure capital expenditure

Source: L.E.K. analysis

AART+ OPEX, by expense item and year (2026F-46F)

Year
Bus OPEX

($m)
Bus half-life overhaul**

($m)
Infra. maintenance***

($m)
Total p.a.

($m)
2026F 86.8 - 10.5 97.3

2027F 86.8 - 10.5 97.3

2028F 86.8 - 10.5 97.3

2029F 86.8 - 10.5 97.3

2030F 86.8 - 10.5 97.3

2031F 86.8 18.5 10.5 115.8

2032F 86.8 - 10.5 97.3

2033F 86.8 - 10.5 97.3

2034F 86.8 - 10.5 97.3

2035F 86.8 - 10.5 97.3

2036F* 79.3 - 10.5 89.8

2037F 77.6 - 10.5 88.1

2038F 75.9 - 10.5 86.4

2039F 74.2 - 10.5 84.7

2040F 72.5 - 10.5 83.0

2041F 70.8 18.5 10.5 99.8

2042F 69.1 - 10.5 79.6

2043F 67.3 - 10.5 77.9

2044F 65.6 - 10.5 76.2

2045F 63.9 - 10.5 74.4

2046F 62.2 - 10.5 72.7

Total 1,646.2 37.0 220.8 1,904.1
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A number of key assumptions were made to inform the  analysis (1 of 3)

Net present value1 EEM2

User amenity5

Travel time3

Walking benefit6

Reliability4

� Discount rate = 6%

� Analysis year = 2016

� Investment year = 2020

� Opening year = 2026

� Annualisation factor (bus only) = 1,360

� Annualisation factor (ABS & rail) = 960

� Annualisation factor (all public transport) = 1,256

� Benefit update factor 2002 to 2015 = 1.44

� Benefit update factor 2008 to 2015 = 1.16

� Cost update factor 2010 to 2015 = 1.09

� Equivalent time to a minute late ratio (EL) = 4.8

� Vehicle travel time (2015) = $24.62/hour

� Reduction in average minutes late (AML) = 1.0 minutes

� Value of time (2015) = $21.79/hour

� New user benefit reduction factor = 50%

� Partial route travel reduction factor = 50%

� Average travel time improvement = 21.15 minutes

� Pedestrian health benefit (2015) = $3.13

� Average walking distance (new users) = 544m

� User amenity value (In-Vehicle-Time) = 1.75 minutes

� Value of time (2015) = $15.77/hour

Source: NZTA Economic Evaluation Manual; L.E.K. analysis

Induced demand7

� Average farebox revenue per public transport trip = $3.68
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A number of key assumptions were made to inform the  analysis (2 of 3)

Noise benefit8

Emissions benefit9

� Saving per dB per year = $350

� Ambient noise = 60dB

� Diesel noise = 68dB

� Hybrid noise = 64dB

� Electric noise = 60dB

� Noise benefit reduction factor for electric public transport 
buses* = 50%

� Average passengers per car = 1.4

� Average car travel distance = 11km

� CO2 cost = $40/tonne

� NOx cost = $10,400/tonne (CAP Economic Methodology**)

� PM10 cost = $399,000/tonne (CAP Economic Methodology***)

� Hybrid / electric car penetration in 2026 = 4%

� Hybrid / electric car penetration in 2046 = 30%

� Start of electric bus switchover year = 2036

� Electric bus switchover period = 1 year

� Emissions benefit reduction factor for electric public transport 
buses* = 50%

� Proportion of new ABS users diverted from cars = 75%

Car
Diesel 

bus
Hybrid 

bus
Electric 

bus

Energy consumption 
(MJ/km)

2.8 12.0 8.4 5.4

CO2 emissions 
(g/km)

181 879 615 -

NOx emissions 
(g/km)

0.18 6.67 0.93 -

PM10 emissions 
(g/km)

0.005 0.07 0.02 -

� Property density = 100 properties per km

� Average bus speed = 30km/h

� Bus audible radius = 100m

� Bus audible duration = 24 seconds

� Probability of two buses overlapping = 20%

� Bus operating period = 5am to 1am (20 hours, 4 peak, 16 off-peak)

Note: * Reduction factor to account for the inevitable introduction for electric buses for public transport (despite the ABS project); ** From Nunns (2015), "Statement of 
evidence of Peter Nunns in the matter of C5.1 - Air Quality", On behalf of Auckland Council to the Auckland Unitary Plan Independent Hearings Panel; *** From 
PWC (2014) Evaluating the impact of difference bus fleet configurations (Greater Wellington Regional Council))

Source: NZTA Economic Evaluation Manual; Nunns (2015); PWC; L.E.K. analysis
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� Infrastructure residual value in 2046** = 50%

� Construction duration = 5 years 

- investment starts in 2020, with bus purchases, testing and 
commissioning in 2025 (year 6)

� Autonomous vehicle implementation (ABS buses)

- start year = 2036

- end year = 2046

- final proportion = 50%

� Fuel consumption factors

- double-decker vs. standard bus = 20% higher

- 18m articulated vs. standard bus = 30% higher

- hybrid fuel consumption vs. diesel = 15% lower

- electric energy consumption vs. diesel = 30% lower

� Annual infrastructure maintenance = 1% of capital expenditure

� Bus half-life overhaul expense = 20% of purchase price

� Hourly bus operating expenses (NZ standard buses)

- peak = $100/hour

- off-peak = $30/hour

� Bus fuel and maintenance expenses (NZ standard buses)

- peak = $4.00/km

- off-peak = $1.30/km

� Proportion of fuel to maintenance costs per km = 65% fuel

� Electric vehicle implementation (ABS buses) = 100% in 2036

A number of key assumptions were made to inform the  analysis (3 of 3)

Operating expenditure10

Capital expenditure11

Note: * Reduction factor to account for the inevitable introduction for electric buses for public transport (despite the ABS project); ** Straight-line depreciation over 40 years
Source: NZTA Economic Evaluation Manual; L.E.K. analysis

� Bus purchase prices

- 18m articulated = $800,000 per bus

- double-decker = $600,000 per bus

- on-board ITS costs = $14,669 per bus

- spare bus fleet = 10%

- average bus life = 10 years

- residual bus value = 15%
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AART+ serves a larger catchment than AART and provi des additional capacity 
along two corridors, providing some additional bene fits in terms of accessibility

Theme
Sub-theme

(if applicable)
Evaluation criteria

AART+ relative
to AART

Commentary

Economic 
growth

Efficient access to existing and planned employment within the 
Airport and (surrounding) business district

Both options have stations integrated into the Airport and surrounding 
business district, with only a small difference in modelled travel time between 
the options

Efficient access to existing and planned employment from the 
wider Mangere area

Both options add five stations at major employment nodes within the wider 
Māngere area

Potential to increase development along the corridor AART+ serves a larger catchment by operating along both the Dominion Rd 
and Manukau Rd corridors

Enabled employment growth and supported economic 
regeneration in the wider Mangere area

AART+ provides a higher overall capacity compared to AART but there is very 
little difference in travel time between the two options 

Increased access to city centre (business to business)  
There are travel time improvements across multiple corridors in AART+, 
increasing the catchment. AART+ also provides additional capacity to allow 
this larger catchment to be realised

Increased access to city centre (labour pool – workers to 
business)  

There are travel time improvements across multiple corridors in AART+, 
increasing the catchment. AART+ also provides additional capacity to allow 
this larger catchment to be realised

Increased match between volume to capacity – city centre 
routes over time  

The higher modelled demand can for the most part be met across multiple 
corridors in AART+. Further detailed analysis will be required to assess the 
magnitude of this demand differential

Network 
efficiency, 

reliability and 
resilience

To / from 
Airport and 
city centre

Increased public transport patronage to / from the Airport and 
(surrounding) business district

There is an increase in modelled trips to / from the Airport and surrounding 
areas in AART+ compared to AART

Reduced congestion to / from the Airport and (surrounding) 
business district

Both options are expected to have a minor impact on general traffic, but as 
AART+ has two corridors there may be greater impact. This requires further 
detailed analysis using models for actual level of impact

Improved public transport travel times on key routes to / from 
the Airport and (surrounding) business district

There is only a small difference in the modelled travel time between the 
options

Enabled efficient public transport travel between the city centre 
and the Airport

There is only a small difference in the modelled travel time between the 
options

1

2 A

Multi-criteria analysis of AART+ relative to AART ( 1 of 6)

Key:       No significant impactMinor negative impactMajor negative impact Major positive impactMinor positive impact

Source: L.E.K. analysis; CAP programme business case; Auckland Transport SMART Business Case
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AART+ operates along multiple corridors and so prov ides some additional 
network efficiency and reliability benefits compare d to AART (1 of 2)

Theme
Sub-theme

(if applicable)
Evaluation criteria

AART+ relative
to AART

Commentary

Network 
efficiency,

reliability and
resilience

(cont.)

To / from 
Airport and 
city centre 

(cont.)

Improved freight travel times to / from the Airport and 
(surrounding) business district on the strategic freight network

Both options are expected to have a minor impact on freight outside of peak 
periods. However, AART+ may have a greater impact as it has two corridors.
Further detailed analysis using models for strategic freight routes is required

Improved private vehicle travel times to / from the Airport and 
(surrounding) business district within the area of influence of 
the study

Both options provide relief to traffic via diverted trips; however, this metric is 
only available at a network level and so further detailed analysis is required. 
AART+ is expected to have more lane reallocation and more parking removal

Improved public transport journey time reliability to the Airport 
and (surrounding) business district

Both options run in dedicated rights of way for the majority of their routes but 
AART+ has the additional benefit of reliable journeys across multiple corridors 
(Manukau Rd and Dominion Rd)

Improved freight journey time reliability to the Airport and 
(surrounding) business district

Both options are expected to have a minor impact on freight outside of peak 
periods. However, AART+ may have a greater impact as it has two corridors.
Further detailed analysis using models for strategic freight routes is required

Improved corridor productivity on approaches to the Airport 
and (surrounding) business district

There is an increase in modelled trips to / from the Airport and surrounding 
areas in AART+ compared to AART

Connected key airport and (surrounding) business district 
areas, including employment

There is a larger potential catchment associated with AART+ compared to 
AART due to the fact that it operates over multiple corridors

Useful additional capacity AART+ provides more additional capacity compared to AART

In the 
Mangere-
Otahuhu 

area

Increased public transport patronage on the local network There is an increase in modelled patronage along SH20A in AART+ compared 
to AART

Reduced congestion on the local network Both options provide benefits proportional to public transport trips; however, 
this requires further detailed analysis using vehicle kilometres

Improved connectivity and transport choice in the wider 
Mangere area

Both options provide connections to the wider Mangere area and the city 
centre but AART+ provides the additional benefit of providing connections to 
destinations along multiple corridors (Manukau Rd and Dominion Rd)

Ability to provide a cycle metro facility within the State 
Highway corridor

Not a differentiator, as both options have similar cross sections along this 
corridor

Ability to integrate with local active mode networks Not a differentiator, as both options will provide the same facilities for 
integration with local active modes

2

B

A

Multi-criteria analysis of AART+ relative to AART ( 2 of 6)

Key:       No significant impactMinor negative impactMajor negative impact Major positive impactMinor positive impact

Source: L.E.K. analysis; CAP programme business case; Auckland Transport SMART Business Case
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AART+ operates along multiple corridors and so prov ides some additional 
network efficiency and reliability benefits compare d to AART (2 of 2)

Theme
Sub-theme

(if applicable)
Evaluation criteria

AART+ relative
to AART

Commentary

Network 
efficiency,

reliability and
resilience

(cont.)

In the city 
centre

Increased travel efficiency in city centre

With AART+, there are travel time benefits across multiple corridors with 
segregated lanes (Manukau Rd and Dominion Rd)

There is no significant difference between the two options in terms of modelled 
network wide public transport revenues; however, further analysis is required 
to understand the network farebox revenue implications for the two options

Increased travel reliability  

There is no significant difference in travel time variability between the options 
as AART and AART+ both run for the majority of their routes in dedicated 
rights of way 

AART+ provides travel time variability benefits across multiple corridors with 
dedicated rights of way (Manukau Rd and Dominion Rd)

Increased public transport user customer experience 

There is no significant difference between the options expected in terms of 
customer satisfaction rating

Both options can, for the most part, provide sufficient capacity to meet the 
modelled demand

New 
technology

Increased customer decision making ability as a result of real 
time information

No significant difference, as both options will provide the same level of 
customer decision making ability 

Increased customer satisfaction due to real time information No significant difference, as both options will provide the same level of real 
time information 

Liveability and 
safety

To / from 
Airport and 
city centre

Safety impacts Not a differentiator, as both options provide safety at crossings and 
intersections, access onto public transport, side roads and mobility access

Personal security Not a differentiator, as both options provide crime prevention through 
environmental design (CPTED) principles for all stations

Visual impacts Not a differentiator, as both options will have highly visible motorway 
structures

Contribution to positively to local character Not a differentiator, as both options have the potential for improvement 
depending on the quality of design

Contribution to the Airport as a 'gateway' Not a differentiator, as there is no difference in the access to the Airport 
between the options

3 A

Multi-criteria analysis of AART+ relative to AART ( 3 of 6)

D

2

Key:       No significant impactMinor negative impactMajor negative impact Major positive impactMinor positive impact

Source: L.E.K. analysis; CAP programme business case; Auckland Transport SMART Business Case

C
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There are minor positive and negative impacts for A ART+ compared to AART in 
terms of liveability and safety, but overall there i s no significant difference

Theme
Sub-theme

(if applicable)
Evaluation criteria

AART+ relative
to AART

Commentary

Liveability and 
safety (cont.)

To / from 
Airport and 
city centre

(cont.)

Promotion of street vitality, active street edges and weather 
protection

There is a higher potential for enhancements for AART+ compared to AART 
as it operates along multiple corridors (Manukau Rd and Dominion Rd)

Sufficient space for pedestrian movement and activity There is no significant difference between the options expected, as there is no 
extra disruption to pedestrians in AART+ compared to AART

Impacts on heritage buildings and structures There is no significant difference between the options expected, as there is no 
expected impact on property for both options

Land take requirements There is no significant difference between the options expected, as there is no 
expected impact on property for both options

Compatibility with the East West Connection alignment Not a differentiator, as both options are designed to avoid (as is the case in 
the SMART study)

Cultural values impacts There is no significant difference between the options expected

In the city 
centre

Increased safety for all road users  There is no significant difference between the options expected

Increased city centre amenity There is no significant difference between the options expected, as both 
options have similar design characteristics

Urban form There is no significant difference between the options expected, as both 
options have similar design characteristics

Urban character and culture values There is no significant difference between the options expected, as both 
options have similar design characteristics

Heritage buildings or structures and context setting There is no significant difference between the options expected, as there is no 
expected impact on property for both options

Visual amenity in relation to traffic Both AART and AART+ significantly reduce the vehicular traffic in the city 
centre, but AART+ has more buses per hour operating on Queen St

Visual obstruction There is no significant difference between the options expected in the city 
centre

Visual intrusion There is a slightly higher potential for effects along multiple corridors (Manukau 
Rd and Dominion Rd)

3

B

Multi-criteria analysis of AART+ relative to AART ( 4 of 6)

Key:       No significant impactMinor negative impactMajor negative impact Major positive impactMinor positive impact

Source: L.E.K. analysis; CAP programme business case; Auckland Transport SMART Business Case

A
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AART+ provides slightly higher noise and emissions benefits than AART

Theme
Sub-theme

(if applicable)
Evaluation criteria

AART+ relative
to AART

Commentary

Liveability and 
safety (cont.)

In the city 
centre
(cont.)

Access and connectivity There is no significant difference between the options expected

Comfort & image There is no significant difference between the options expected, as both 
options have similar design characteristics

Use & activity There is slightly higher potential for promotion of uses and activities along 
multiple corridors in AART+ compared to AART

Sociability There is no significant difference between the options expected

Environmental 
sustainability

Emissions effects including greenhouse gases AART+ provides a slightly higher emissions benefit than AART

The extent to which the operational noise and emissions of the 
option affects sensitive receivers

There is a slightly higher noise benefit provided by AART+ compared to AART 
because it operates along multiple corridors (Manukau Rd and Dominion Rd)

Impacts on contaminated land or creates contamination issues There is no significant difference as both options are largely in the road 
reserve

Impacts to archaeological values Not a differentiator

The extent to which the option impacts open space and 
biodiversity There is no significant difference between the options expected

Impacts on non-built environment heritage values There is no significant difference between the options expected

Reduction in environmental impacts of transport in city centre  

AART+ provides a slightly higher emissions benefit than AART

There is no significant difference between the options expected in terms of the 
number of pedestrians / cyclists exposed to transport related pollution over 
specific levels

Implementability

The length of time required to construct the option There is no significant difference between the options expected as SH20 
would be the main construction requirement

Constructability There is no significant difference between the options expected as SH20 
would be the main construction requirement

The difficulty of consenting the option (planning requirements)
There is slightly higher potential for consenting difficulty for AART+ compared 
to AART due to the fact that it operates along multiple corridors (Manukau Rd 
and Dominion Rd)

4

5

Multi-criteria analysis of AART+ relative to AART ( 5 of 6)

Key:       No significant impactMinor negative impactMajor negative impact Major positive impactMinor positive impact

Source: L.E.K. analysis; CAP programme business case; Auckland Transport SMART Business Case

3 B
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AART+ will be more difficult and costly to implemen t and operate than AART 
due to the additional Manukau Rd corridor

Theme
Sub-theme

(if applicable)
Evaluation criteria

AART+ relative
to AART

Commentary

Implementability
(cont.)

The impact of construction on network utilities
There is slightly higher potential for impacts in AART+ compared to AART due 
to the fact that is operates along multiple corridors (Manukau Rd and 
Dominion Rd)

The amount of temporary land take related to construction
There is slightly higher potential for temporary land take impacts in AART+ 
compared to AART due to the fact that is operates along multiple corridors 
(Manukau Rd and Dominion Rd)

The impact of construction on transport network operations
There is slightly higher potential for impacts on transport network operations in 
AART+ compared to AART due to the fact that is operates along multiple 
corridors (Manukau Rd and Dominion Rd)

The ability of the option to be constructed in stages There is no significant difference between the two options, as they can both be 
staged

Investment 
affordability

Construction cost – CAPEX (low / medium / high)
There is a higher level of capex required for AART+ compared to AART due to 
the fact that it operates along multiple corridors (Manukau Rd and Dominion 
Rd) and the higher fleet requirement

Gross operation cost – OPEX (low / medium / high)
There is a higher level of opex required for AART+ compared to AART due to 
the fact that it operates along multiple corridors (Manukau Rd and Dominion 
Rd)

Expected renewal cost (accrual cost per year)
There is a slightly higher infrastructure renewal cost expected for AART+ 
compared to AART associated with pavement along multiple corridors 
(Manukau Rd and Dominion Rd)

Fleet cost AART+ requires a slightly higher number of vehicles compared to AART

Expected farebox revenue
AART+ is expected to obtain significantly higher revenue than AART, when 
the two options are compared directly. This is driven by the higher induced 
demand for AART+ compared to AART

Maintenance cost
There is a slightly higher maintenance cost expected for AART+ compared to 
AART associated with infrastructure along multiple corridors (Manukau Rd and 
Dominion Rd) and the higher fleet requirement
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Multi-criteria analysis of AART+ relative to AART ( 6 of 6)

Source: L.E.K. analysis; CAP programme business case; Auckland Transport SMART Business Case
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Key:       No significant impactMinor negative impactMajor negative impact Major positive impactMinor positive impact


