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The Reshaping of British Railways

Dr Beeching presents his infamous ‘Reshaping of British Railways” report in 1963. Source: Network Rail

Maps of Dr Beeching’s recommended closures. Source: Reshaping of British Railways, 1963

In 1963, Britain had 17,500 miles of railway tracks. Dr Richard Beeching, then chair of the British Railway 
Board, published a report that recommended the closure of almost 2,500 stations and 5,000 miles of railway 
and ultimately led to a third of railways being closed to public use. Many communities still remain isolated 
from the rail network following the closure of their local railway line or station more than five decades ago.

The report, ‘The Reshaping of British Railways,’ came at a time when the railway industry was already in 
decline. In the period from when the railways were nationalised in 1948 to Beeching’s recommendations in 
1963, over 3,000 miles of railway had already been closed by the operating regions due to lack of patronage. 
By 1971, further closures had reduced the railway network to only 11,000 miles.

Whilst many of the former lines have subsequently been developed on, or transformed into road or active 
travel routes, a large number remain in various states of disrepair, or as active freight-only railway lines, with 
the alignments safeguarded in local development plans for potential reopenings.

The 21st Century has seen a resurgence in rail demand in Britain; the network is the fastest growing in 
Europe and is busier now than at any time since the 1920s (prior to impact of the COVID-19 pandemic). Lines 
recommended by Beeching for closure such as Ebbw Vale in Wales and Borders Rail in Scotland have 
reopened in recent years and far exceeded patronage forecasts.

The political landscape around reopenings has also developed, with the Conservative manifesto for the 2019 
General Election pledging to restore many of the Beeching lines, reconnecting smaller towns that have 
suffered permanent disadvantage since they were removed from the rail network in the 1960s. This pledge 
has resulted in the launch of the Department for Transport’s Restoring Your Railway fund in February 2020, 
with £500m allocated to develop proposals to reinstate axed local services and restore closed stations as 
various stages of development.

As of May 2021, 25 schemes around the country have received initial early-stage development funding 
through the Ideas Fund, with two lines with more developed schemes (the Dartmoor Line from Exeter-
Okehampton and the Northumberland Line from Newcastle-Ashington) earmarked for reopening in Autumn 
2021 and 2024 respectively. These two projects are also the first major rail infrastructure projects to employ 
the Project SPEED approach, focused on halving the time and significantly reducing costs of delivery. 
Historically, these have been major factors that have impacted on the viability of proposed rail projects, 
including reopenings, and the approach, if successful would transform the pace and way in which our railways 
are improved.
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https://www.railwaysarchive.co.uk/documents/BRB_Beech001a.pdf
https://dataportal.orr.gov.uk/statistics/usage/passenger-rail-usage/table-1220-passenger-journeys/
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https://www.gov.uk/government/publications/restoring-your-railway-fund-successful-bids
https://www.networkrail.co.uk/running-the-railway/our-routes/western/dartmoor-line/
https://www.northumberland.gov.uk/News/2021/Jan/Multi-million-pound-investment-in-Northumberland-L.aspx
https://www.gov.uk/government/news/launch-of-project-speed-challenges-rail-industry-to-cut-time-and-costs-of-rail-upgrades


The Emergence of Connected and Autonomous Vehicles
Connected and Autonomous Vehicles (CAVs) is a term referring to motor vehicles that can travel 
with reduced or no input from a human driver, and which are able to communicate with other 
networked vehicles. The ‘autonomous’ aspect of this technology in particular has garnered 
significant media and political attention in recent years, with these vehicles often being described 
as ‘driverless’ cars. However, the technology under development has applications far beyond 
private cars, including buses, larger freight vehicles, construction vehicles, and emerging new 
vehicle typologies, such as pods suitable for small-scale personalised rapid transit (PRT), or larger 
mass transit solutions.

The “connected” aspect of the vehicle is, by and large, more mature than that for autonomous 
vehicles and a number of international standards reflect this maturity. Indeed, according to a 
recent report by The Society of Motor Manufacturers & Traders (SMMT), more than 95% of the 
vehicles on the road in the UK will be connected vehicles by 2025

To some extent this technology is already being used on Britain’s roads, either in vehicles on-sale, 
or as part of authorised trials. SAE International have developed the classification systems 
J3016TM “Levels of Driving Automation”, that defines the six levels of driving automation, from 
no automation to full automation, as shown in the table to the right. Leading car manufacturers 
offer Level 2 features, such as Tesla’s ‘autopilot’ features, which can navigate, brake, accelerate 
and steer, whilst requiring the driver to keep their hands on the steering wheel at all times in 
case of emergencies. Trials of more mature technology are also underway around the world, 
including Project CAVForth, which is testing autonomous bus capability along a 14-mile route 
across the Forth Road Bridge between Fife and Edinburgh. Drivers are present on the vehicles 
only in case of emergency and to collect fares.

SAE 
Level

Name Definition Example

0 No 
Automation

The full-time performance by a human driver (even 
when enhanced by warning or intervention systems)

Blind spot 
warning

1 Driver 
Assistance

Mode-specific execution by driver assistance system of  
either steering or acceleration/deceleration

Adaptive 
cruise control

2 Partial 
Automation

Mode-specific execution by driver assistance system of 
both steering and acceleration/deceleration

Tesla 
autopilot

3 Conditional 
Automation

Automated driving system of all aspects of the dynamic 
driving task, with the expectation that the human driver 
will respond appropriately to a request to intervene

CAVForth 
autonomous 
bus trials

4 High 
Automation

Automated driving system of all aspects of the dynamic 
driving task, even if a human driver does not respond 
appropriately to a request to intervene the car can pull 
over safely by guiding system

Driverless taxi 
(except 
during severe 
weather)

5 Full 
Automation

Automated driving system of all aspects of the dynamic 
driving task, under all roadway and environmental 
conditions that can be managed by a human driver

Driverless taxi 
(unrestricted)

This raises one of the primary barriers identified to the rollout of CAVs. Many people remain sceptical about travelling in or alongside these vehicles . 
Goodyear Tyres undertook survey research with the London School of Economics in late 2016 which found that, for instance:

• 55% of respondents would feel uncomfortable driving on roads alongside CAVs.
• 64% of respondents agreed that humans should be in control of their vehicles.
• 78% of UK drivers would want a steering wheel in a CAV to allow the driver to override the system.

However, it is likely public misgivings will dissipate as people become familiar with the technology and its safety record is proven. Indeed, autonomy already 
exists in varying forms amongst some transport systems in the UK (although limited to ‘closed’ environments). Heathrow airport’s pod-based Personal Rapid 
Transit (PRT) system and the Docklands Light Railway in London, for example, have been operating successfully for a number of years without human drivers. 

Heathrow T5 Pods. Source: www.turningleftforless.com
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https://www.smmt.co.uk/reports/connected-and-autonomous-vehicles-the-global-race-to-marke
https://www.lse.ac.uk/business-and-consultancy/consulting/assets/documents/autonomous-vehicles-executive-summary.pdf
https://www.turningleftforless.com/best-heathrow-parking-options-review-of-t5-pod-parking/


The Potential of CAVs to Restore Lost Rail Connections
The two themes of the reshaping of British railways and the emergence of CAVs would not seem 
the most obvious of bedfellows. Nevertheless, the genesis of this research project was predicated 
on the hypothesis that CAVs could have the potential to restore those connections between 
communities severed by the Beeching cuts. 

Many of the speculated applications for CAVs have focused on replacing private cars and taxis, 
particularly within the framework of ‘Mobility-as-a-Service’ (MaaS). CAVs have the potential to 
deliver a number of benefits for the transport system. Indeed, anticipated features of this 
technology may help local authorities achieve their policy objectives and visions. First, CAVs could 
help improve road safety. This could happen if CAVs are programmed to give more space to 
vulnerable road users, driving in a way that reduces risk of collisions. At present, of course, the 
safety benefits of CAVs operating on public roads alongside a variety of different road users are 
still unproven, and some legal issues such as liability for collisions need to be clarified. CAVs are 
expected to reduce the impact of human error—in whole or part—which is a contributory factor 
in many road collisions.

CAVs could improve mobility for those who have difficulty accessing the transport network. This 
includes older and disabled residents, who may not be able to drive or face restrictions in using 
public transport because of distance or poor service design. There is no guarantee this will 
happen, of course. It is probable that using—or summoning—a CAV will require a level of digital 
literacy that may continue to exclude many older and disabled people.

CAVs should also be able to use road space more efficiently, in comparison to human-driven cars. 
The shape and size of vehicles may differ from conventional vehicles, allowing them to use less 
space. CAVs can be programmed to travel more closely together, perhaps in convoy – a practice 
known as ‘platooning’. This could create more space for other road users, particularly cyclists. 
The connected nature of CAVs would reduce the need to accelerate and decelerate as frequently, 
smoothing traffic flow and helping to maintain speed limit compliance.

The potential role of CAVs as a form of mass transit however, is less clear, with CAVs utilising 
routes segregated from road traffic, or indeed a hybrid model. By using proposals for new 
transport schemes along former Beeching lines as case studies, this project will develop an 
understanding of whether CAVs can offer an alternative road-based or segregated mass transport 
solution to the status quo, including heavy rail, bus rapid transit (BRT), light rail transit (LRT).

To define the scope of this study, the following problem statement, hypothesis and objectives 
were developed to guide the project:

Problem Statement

Improving the accessibility of these settlements through new, cost-effective transport 
connections would provide significant socio-economic benefits. However, many of the former 
Beeching railway lines and stations do not have the required population density or population 
catchment to support the reinstatement of a costly heavy rail connections.

Hypothesis

Reuse of the former Beeching railway lines as routes for CAV shuttles could offer a scalable, cost-
effective and economically viable alternative to heavy rail and other transport mode solutions, in 
some locations.

Project Objectives

1. Define the criteria where CAVs may offer an alternative transport solution to traditional mass 
transit (such as BRT, LRT, heavy rail etc)

2. Identify a shortlist of locations from an inventory of the now closed Beeching railway lines, 
that meet these criteria.

3. Develop a proof of concept to test the project hypothesis for a single geographical location.

Above: Cambridge autonomous metro
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The Potential Role of CAVs in a Mass Transit System
A key factor in determining the preferred mode of transport to be provided is the passenger demand and 
the system capacity required to serve it. The capacity of transport modes (pax/hr) is proportional to vehicle 
size and vehicle headway, with some typical capacities illustrated in the graph to the left. One of the 
benefits of CAVs is that there is a high degree of flexibility in vehicle size, with anything from single-
occupancy PRT pods, to 200+ Autonomous People Movers (APMs) more akin to LRT. This broadens the 
potential role of CAVs compared to other mass transit systems.

Deploying CAVs as a road-based form of public transport would have greater similarities to existing bus 
networks, as they would share public roads and spaces with other vehicles and would need to be able to 
safely interact with the public. Segregated systems however, offer the opportunity to improve journey 
times when the interference of road traffic is removed, with greater scope for larger vehicles and higher 
speeds when operating in closed environments, operating in a similar manner to existing technologies.

Autonomous road-based public transport has been envisioned to have the ability to transform public 
transport systems by bringing in new forms of shared mobility that are safer and more efficient. This could 
increase the appeal and use of public transport, which would ease traffic congestion in cities, and coupled 
with improved fuel economy and reduction in emissions, would reduce the environmental impact of 
transportation. Public transport might also be made more accessible, by providing on-demand public 
transport to low demand or underserved areas reliably and safely. By removing the costs associated with 
needing a driver on-board, CAVs would also offer significant labour cost savings.

There remain challenges however, that have yet to be adequately addressed, including issues surrounding 
safety, system security, vehicle control, ethics, legal liability and even integration with other transport 
modes. These issues have a direct influence on the public’s perception of CAVs and ultimately, their 
acceptance and adoption of CAVs that are deployed for public transport.

Clearly, the introduction of autonomous public transport also has implications for staffing. Thousands of 
people are employed as bus drivers across Britain and their positions may be at risk with the rise of this 
technology. Removing on-board staff altogether would also affect passengers, as the customer service 
drivers provide would be unavailable. Some stakeholders also have argued that autonomous public 
transport systems should have a staff member on board to prevent fare evasion, enhance personal security 
and limit anti-social behaviour.

These factors and more will need to be considered to determine the role of CAVs as a form of mass transit, 
at both small and large scale.

Potential for 
road-based CAVs

Potential for 
segregated CAVs

Source: Transformative Urban Mobility Initiative 
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Sifting Criteria Requirement Justification

1) Condition • Dismantled (track removed)
• Disused (track exists)

Excluded freight-only lines as CAV-Track wouldn’t be compatible with 
existing railway.

2) Population Served • >10,000 Proportional to potential demand.

3) Length • <10KM Speed of CAV pods is limited.

4) Active Travel • No Active Travel routes Minimise conflict with active modes.

5) Government interest • Eligible for Levelling Up Fund 
and/or Towns Fund and/or 
STPR and/or City Region Deals

Indication of available funding provides increased likelihood of 
downstream success.

6) Stakeholder Interest • Is there demand 
for bringing this line back?

Strength of stakeholder support provides increased likelihood of 
downstream success

7) Branch line • Yes Through-routes likely to integrate better with heavy rail network. 
Opportunity for feeder services on former branch lines.

Site Selection for a Case Study
Methodology

Rather than undertaking abstract analysis of CAVs in general terms, the 
research methodology for this project utilises a heuristic approach to 
‘test’ the hypothesis for CAVs against established transport technologies 
in real-world locations. The benefits of this approach are that it allows 
the strengths and weaknesses of CAVs to be assessed against existing 
proposals, in order to quickly identify the critical factors for success of 
CAVs in those locations considered, and subsequently determine if 
those factors are specific to that site, or applicable to all potential sites 
where CAVs could be considered.

The longlist and selected case studies do not therefore represent the 
‘ideal’ locations where CAVs are likely to be the most appropriate 
transport interventions, rather, an initial approximation to be refined 
based on the evaluation of the case studies themselves.

Inventory and Sifting

Arup has supported the project by providing access to their proprietary 
‘GB Station Mapping’ tool, which was utilised to produce an inventory 
of former rail lines closed during the 20th century and key information, 
including current state of infrastructure, track length and population 
data. This inventory was sifted to a longlist (bottom right) using the 
criteria listed (bottom left). The main limitations include:

1. Limited population data in tool

2. Incomplete data for Scotland, Wales and Northern Ireland.

3. Limited track length data in tool

The case study to be taken forward from the longlist (highlighted) was 
selected based on the willingness of stakeholders to engage with the 
project and local knowledge of the research team.

Region Line

Scotland Leuchars – St Andrews 

South West Kemble – Cirencester

North West Poulton-le-Fylde – Fleetwood

South West Tiverton Parkway – Tiverton

West Midlands Rugby – Southam

North East Nunthorpe – Guisborough

North West Rainford / Upholland – Skelmersdale

Yorkshire and the Humber Brockholes – Holmfirth

Scotland Leven – Thornton

Results

Below: Inventory of former railway lines
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Sifting Criteria Requirement

1) Condition Dismantled (track removed)

2) Population Served 18,000 (2.8 million tourists per annum)

3) Length 7.9km

4) Active Travel No Active Travel routes

5) Government interest Ongoing feasibility study approved through the Local Rail 
Development Fund (LRDF)

6) Stakeholder and Local 
Authority Interest

#1 priority for CfBT
StARLink Campaign (feasibility study funded through LRDF)

7) Branch line Yes

Previous Studies
The St. Andrews to Leuchars line, in addition to fitting all the sifting criteria, has strong local interest in reopening the line. 
Multiple studies into the feasibility of reopening the original line, building a new alignment or considering alternative 
technologies including light rail and tram-trains have been completed. These include a previous feasibility study 
undertaken by TATA in 2012, which identified an alternative alignment for heavy rail. The current STAG process is being 
undertaken by Stantec, who have recently published a Case for Change Report, building on the conclusions of the TATA 
report. Both of these studies have helped our understanding of the site and influenced our evaluation process.

Site Context
On one end of the former line, Leuchars is small town and former air base of approximately 3,000 residents (as of 2016) 
with a two-platform station on the East Coast Mainline, which runs from Aberdeen to London. There are on average 35 
trains per weekday to the closest settlement of Dundee. In 2018/19 there were 644,262 entries/exits to Leuchars Station, 

which equates to the fourth busiest station in Fife. The car park was expanded in 2017 and has 329 spaces. On the other 
end of the former line, St. Andrews is a historic tourist town with one of the top ranked universities in the world and 
world-leading golf courses. Existing transport connections between the two towns are:
• 9-13 min (5.5 miles) by car via the A919 and A91 (£3.80 all day parking)
• 10-16 min (5.5 miles) by bus (several services). (£3.50 for a single trip or £6.50 for a day ticket covering North East Fife)
The former alignment is entirely dismantled (including a bridge over the River Eden in Guardbridge), although mostly 
remains undeveloped, with some historical station buildings retained and now in other uses in St. Andrews.

© The University of St Andrews

Case Study – Context at St. Andrews to Leuchars 

St. Andrews

Leuchars
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https://bettertransport.org.uk/re-opening-rail-lines#Scotland
http://www.starlink-campaign.org.uk/
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https://www.nrscotland.gov.uk/files/statistics/settlements-localities/set-loc-16/set-loc-2016-publication-updated.pdf


Case Study – Route Options

Challenges, Constraints and Opportunities
• Infrastructure challenges:

• New bridge required across the Eden, along with smaller bridges across waterways and roads. 
• Acquiring the land required the new alignment
• Potential for conflict with the current active travel link between St. Andrews and Leuchars
• Site of the old St Andrews Station now occupied by University buildings and car parking

• Potential opportunity for an extension of the service to connect with the Botanic Gardens
• Potential to remove interchange by offering through running to Dundee (depending on technology 

selected). Unable to offer same to Edinburgh unless heavy rail is reintroduced. 

The Proposed Rail Service
Since the original alignment has been built on at Guardbridge and has significant constraints along 
the majority of the route due to the golf courses, both TATA and Stantec have considered a new 
alignment connecting all the way to the site of where the old railway station used to be and 
potentially incorporating a new park and ride site en-route. This proposed alignment would run 
close to the golf courses and the Old Course Hotel, but would avoid Guardbridge, which currently 
represents a number of constraints with regards to space and traffic. It would require the building 
of a new bridge across the River Eden, at a wider point than where the original bridge once stood. 
Stantec’s Case for Change currently has 35 potential options to consider at the STAG Initial 
Appraisal, but includes options for light rail, heavy rail and tram-trains, which could reduce the need 
to interchange by joining the rail line between Leuchars and Dundee.

LEGEND (full map can be found here):
• the original railway alignment (Red),
• the proposed rail alignment (Yellow)
• the potential BRT link (Blue)

Images 
left: the 
Sheffield 
Super Tram 
tram-train, 
one of the 
few UK tram-
train 
examples, 
running on 
the railway 
line and on-
street.

Service Options

There are 3 core options when considering a CAV shuttle between St Andrews and Leuchars:

1. To follow the original alignment of the track as much as possible.

2. To follow the proposed new alignment of the track, but utilise a road based active travel 
and CAV shuttle link between St Andrews and Leuchars, instead of the alternative proposed 
Light Rail or tram-train options.

3. To utilise the existing infrastructure alongside the road and convert the current active 
travel link between St Andrews and Leuchars into a shared AT and CAV corridor, where the 
infrastructure allows. 

A high-level feasibility report into these potential service options for a CAV shuttle serving St. 
Andrews has been drafted to inform this study and is available here and summarised overleaf.
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Case Study – SWOT Analysis

SWOT Analysis Option 1 – Original Alignment Option 2 – New Alignment Option 3 – CAV based BRT

Strengths Potential to be a fully segregated link so can function as fully autonomous. 

Potential space for dedicated active travel infrastructure. Scenic as along 

coastline. Much of alignment is undeveloped. 

Fully segregated link so can function as fully autonomous. Potential space for 

dedicated active travel infrastructure. Majority of alignment is undeveloped. 

Low infrastructure costs to implement. Can be implemented relatively quickly 

as much of the infrastructure already exists. Has flexibility as can run on the 

road if required. 

Weaknesses High infrastructure costs, particularly if new bridge required at Guardbridge. 

Not acceptable in current environment due to existing golf courses and hotel. 

May be unable to provide a fully segregated line through Guardbridge so 

would not be able to run fully autonomous (currently) if it had to rejoin road. 

Alignment does not connect directly to Leuchars so would need to be 

extended to serve the station.

High infrastructure costs as would need to be built as a completely new line. 

Would require a new bridge at Guardbridge. Potential to impact on current 

active travel route if alignment places it over the current path. Alignment 

does not connect directly to Leuchars so would need to be extended to serve 

the station. 

May not present much in way of journey time savings as it would be required 

to run on the road at times. Unable to run fully autonomous (currently) due 

to this so would require a ‘driver’ to be on-board. Likely to have acceptability 

issues due to utilising the existing active travel infrastructure.

Opportunities Potential to create an attractive travel option for tourists visiting St. Andrews. 

Could also provide a direct link to the golf courses from the station.

Potential to create an attractive travel option for tourists visiting St. Andrews. 

Potential for a dedicated Park and Ride along the A91. Could also provide a 

direct link to the golf courses from the station. Potential for the active travel 

infrastructure to be improved as part of the project, and to remove the 

breaks in the cycle network providing a fully segregated path between St. 

Andrews and Leuchars.  

Potential to create an attractive travel option for tourists visiting St. Andrews. 

Potential for a dedicated Park and ride along the A91. Could also provide a 

direct link to the golf courses from the station. Potential for active travel 

infrastructure to be improved as part of the work, and to remove the breaks 

in the cycle network providing a fully segregated path between St. Andrews 

and Leuchars. 

Threats Any infrastructure on the existing Links is unlikely to be acceptable. May be 

unable to resolve the issues at Guardbridge given the constrained 

topography. Potential land issues elsewhere to ensure land is available to 

recreate the alignment. CAV is unlikely to be a viable option if this alignment 

was taken forward given the limited benefits compared to the costs and risks 

involved. 

Potential land issues with regards to securing the land for alignment. High 

costs in comparison to the potential benefit of CAV instead of a light or heavy 

rail option due to the need for new infrastructure. Any interaction with 

current active travel links may not be acceptable. 

The potential benefits of CAV may not be realised due to the constraints in 

sharing road space. Any interaction with current active travel links may not 

be acceptable. Committed development is likely to worsen issues on the 

corridor unless able to achieve mode shift. Any issues on the road at 

Guardbridge is likely to impact on the CAV shuttle due to constraints in 

segregating the shuttle easily from the road. 

It is clear that there is no perfect solution that could be recommended for CAV as all require either extensive infrastructure to be installed to remove the line from the road completely, or would require 

running on the road at points to reduce the need for dedicated infrastructure. This reduces the potential for improving journey times and variability, as the vehicles would still be susceptible to congestion. 
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Case Study – CAV-Track

Similarities to LRT/Heavy Rail on alternative alignment

• Reduced journey time variability
• Improved ride quality
• Service quality
• Potential for dedicated P&R

Differences to LRT/Heavy Rail on alternative alignment 

+ theoretically cheaper to build, operate and maintain – although would need to confirm 
construction costs due to need for new infrastructure
+ can easily merge with existing roads where required
+ pods may offer a more attractive, ‘personalised’ option to larger shared transport
- May not offer as attractive a proposition if bus-based vehicles used (social perceptions)
- Cannot resolve the issue of interchange

Option Selection

• Option 1 (original alignment) likely not feasible due to the following two constraints:

• Development over the line at Guardbridge (see right); and

• Conflict with golf courses outside of St Andrews.

This means that CAV-Track as originally envisaged is unlikely to be feasible in this 

location, unless the R&A and St. Andrews Links Trust were willing to consider a road-

based vehicle running through the courses and access around Guardbridge was 

resolved, which is near impossible.

• Option 3 (CAV based BRT) was included in the SWOT analysis, but further 

investigation was outside the scope of this study.

• Option 2 (new alignment) where CAV Track operates as an alternative solution to 

LRT or heavy rail on the new alignment, either as a bus-based system or a pod-based 

system. This is the solution that is the focus of this evaluation.
The MaaS Potential:

• Potential to use technology for “just in time” arrival of shuttle at train station to arrival of train
• Ability to integrate tickets either through a ‘Plus Bus’ style of ticketing or through integrated 

ticketing such as One Ticket. Integration or a freely available (and subsidised) service are a must.
• Potential to appeal to tourists through dedicated staff at either end for information, dedicated 

stances and tailored next stop announcements with additional information on sites of interest.
• Potential to appeal to business travellers through addition of tables and charging points.
• Require space for different types of users, including bikes, golf clubs and luggage.

Vehicle size:

Whether pods or larger buses would be more appropriate would depend on the primary use of the 
vehicles and whether they were for mass-transit or a more exclusive or tourist option catering to 
those less likely to use the current bus service. Smaller, more ‘personalised’ pod-type vehicles would 
likely be more attractive, given that the current bus service is relatively frequent and offers 
competitive journey times compared to journeys by private car.

Left: the missing bridge over the Eden and built over section at Guardbridge. Right: the section through the golf course and hotel.
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Case Study – Evaluation

1 = Poor
5 = Excellent

Build 
Costs

Modal 
Shift

Environment Passenger 
Comfort

Journey Time Average Comments

Private Cars 5 1 1 
(higher if ULEV)

4 3 2.8 Assume majority cars petrol or diesel (in short term). Scoring would improve 
following higher adoption of alternate fuels, but does not resolve congestion.

Bus (BRT) 4 3 3 
(higher if ULEV)

3 3 3.2 Scoring would improve following increase adoption of alternate fuels. 

CAV Bus (BRT) -
Option 3

4 3 3 
(higher if ULEV)

4 3 3.2 Scoring would improve following increase adoption of alternate fuels. Passenger 
comfort dependent on whether there was a driver on-board. Assume penalty if no 
‘responsible person’.

CAV-Track (bus) -
Option 2

2-3 4 4 
(higher if ULEV)

4 4 3.6-3.8 Scoring would improve following increase adoption of alternate fuels. No opportunity 
for through running so will require interchange.

CAV-Track (pod) 
- Option 2

2-3 5 5 5 3 4.0-4.2 Assumed electric CAV pods. No opportunity for through running so would require 
interchange. 

Light Rail 2 5 5 4 4 (5 if tram-train) 4.0-4.2 Journey time would be improved for tram-train as would remove need for 
interchange. 

Heavy Rail 1 5 3 
(potential for 5)

4 5 3.6 Current rail systems in area are primarily diesel based. Would improve scoring if 
electrified or hydrogen used.

CAVs offer a flexibility not otherwise available with other modes of transport, as a range of vehicle sizes and operating models all fall under the CAV umbrella, including a traditional bus or BRT 

options, as well as personalised pod-based systems. The following scoring matrix compares between the proposed CAV options, and the alternative modes considered elsewhere. 

Notes: This matrix assumes a penalty for any mode requiring interchange and any mode that would require journey sharing with others. Passenger Comfort is assumed to be improved 
for CAV due to smooth running.  Environment scores are related to congestion impacts and the associated environments benefits by reducing congestion. Mode shift is assumed to be 
limited on bus based options due to potential negative perceptions of bus. 
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Case Study – Summary
The original focus of this study was to consider whether St. Andrews presented a viable option for 

reutilising the old rail line as a CAV shuttle line, thereby improving links to nearby towns and cities. 

Given that the old rail line no longer exists in a continuous form, this is not considered a feasible option.

The primary issue with this location, however, is that Leuchars is by and large not a destination in itself, 

rather an intermediate interchange. This reveals the fundamental issue with considering alternative 

technologies on branch lines that are unable to fully integrate with the mainline rail network, as the 

new transport links solely connect to a station on the route rather than to destinations in themselves. 

Due to the requirement to interchange, integrated transport modes will always score more highly (in 

some aspects of the evaluation), due to the seamless journeys they enable. 

However, there may be other opportunities where CAVs could present a solution to encouraging mode 

shift. The simple scoring matrix has shown that CAV pods are likely to be competitive with light rail or 

tram-trains in this location, which are both likely to represent a better investment than reopening the 

line to heavy rail. This is primarily because the reduced infrastructure costs compared to heavy rail are 

more in proportion with the forecast demand between the two locations. More suitable options for a 

multi-functional CAV shuttle may be in cases where two towns are being connected by the route, 

particularly if one of those towns also offers the opportunity for onward travel. Road-based CAVs may 

also offer similar solutions and benefits, but using existing infrastructure, as shown below.

Considering the original sifting criteria, the population threshold was originally 

utilised to provide a proxy for forecast demand. However, the evaluation of this case 

study has shown that segregated CAV routes (much akin to PRT) could also offer 

benefits to smaller communities where sufficient demand for a full-scale mass transit 

system doesn’t exist, particularly in locations with more limited options for public 

transport.

The limitations of the data available to complete the inventory and undertake the 

sifting process also meant that not all potential sites could be evaluated. Developing 

a methodology to incorporate the local knowledge from campaign groups and local 

authorities would be beneficial to any further study. 

In addition, this site was constrained by the rail line having been completely 

removed, leading to development over part of the line. This will not be 

insurmountable in most cases but suggests that rail lines that have not been 

completely removed or lines that are currently preserved for another use (such as 

active travel links) may be more suitable for consideration moving forward.

A representation of CAV-
Forth travelling over the 
Forth Road Bridge

Driverless 
Buses

Bus, Tram, 
Car

Higher 
demand

Lower 
demand

Road-based Segregated

Shared taxis / 
pods 

Cars, Taxis, 
Bus (low 

freq.)

Shuttles / 
CAV network

Heavy Rail, 
Light Rail, 

BRT

PRT N/A

CAV Existing CAV-Track Existing

Simplified taxonomy of CAV operating models compared to existing (motorised) modes of transport
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Success Criteria
Overview

Through the comparative evaluation of CAVs against the case study, a range of success 
criteria has been identified that, if addressed, could enable the wide-scale deployment 
of CAVs in a range of locales and operating models to augment or replace existing 
public transport and mass transit networks.

Resolving the User Acceptability Issue

Currently if a CAV is running on any stretch of shared roadspace it needs to be manned 
by a driver. However, as legislation changes this is anticipated to change so that no 
driver will be required on fully autonomous vehicles.

Research into the acceptability of CAVs has shown that the lack of a ‘responsible 
person’ on board is a note for concern with many people. When asked, 
representatives from Stagecoach confirmed this following their own research prior to 
the launch of Project CAV-Forth. The commerciality of CAVs partly rests on the 
potential cost savings. As labour accounts for the majority of operating costs, the 
potential to remove the driver from the vehicle is an attractive proposition for 
operators if the acceptability issue can be resolved.

Bus based systems more than any other appear to be less acceptable to users if there 
is not a ‘responsible person’ on-board. Whilst it will offer less cost savings, a conductor 
may be required on larger vehicles in the interim, once a driver is no longer required. 
Voice assistance and CCTV may also improve acceptance. 

It is assumed that this will become less of a concern in time as other forms of transport 
such as smaller pods, LRT and underground systems are able to operate without a 
member of staff on board. Rail systems are also able to operate with limited to no staff 
interaction with passengers. It may be that the perceptions of buses contributes to the 
desire to have staff on board, along with the issue of change to what has previously 
been the norm – similar to when operators were first removed from elevators.

Left: The CAV-Forth autonomous bus
Middle: The driverless DLR
Right: Representation of an elevator operator

constraints, forecast demand, comparative journey times with other modes. This decision would invariably be 
location specific, however, CAV shuttles could potentially reduce infrastructure costs compared to rail-based 
systems (due to lower bearing pressure from smaller, wheel-based vehicles) and reduce operating costs (by 
virtue of being driverless).

Road-based systems however, are at an earlier state of maturity, and whilst are considered likely to develop 
in the future, the range of operating models is more varied and uncertain, from MaaS-style shared taxis and 
flexible DRT services, to driverless replacements of traditional bus services. The greatest benefits again are to 
be gained from reduced operating costs, but due to the extended transition period where such services would 
be operating alongside human-driven vehicles, the full range of benefits would be slower to be realised.

Above: Aurrigo’s autonomous shuttle

Road-based vs Segregated Systems

The user acceptability issue is intrinsically linked to the 
road-based vs segregated system question. Segregated 
systems are perceived as being (and typically are) safer, so 
the acceptability of driverless systems is increased in these 
environments. The current maturity of CAV technology is 
such that segregated systems are also readily deployable, 
albeit those in operation typically have utilised smaller 
pods, as opposed to larger shuttles. The decision to develop 
a segregated route then, would rely on the same factors 
that would determine the need for existing segregated 
modes (BRT, LRT etc), such as infrastructure costs, spatial 
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Success Criteria
Networks or Shuttles

The sifting criteria initially applied to identify case studies considered only schemes on 
branch lines, on the premise that through-routes would generally be more attractive 
for heavy rail reopenings, as they are (potentially) less reliant on capacity 
improvements elsewhere in the network and can provide a greater range of service 
patterns and destinations. The operating model of shuttle services would typically be 
more ‘peaky’, needing to coincide with train arrival/departure times and thus requiring 
larger vehicles to accommodate the peaks (or else resulting in low vehicle utilisation 
outside of the peaks if greater numbers of smaller vehicles were utilised). The 
challenge of all shuttle services is the resulting interchange penalties arising from using 
multiple modes and the accompanying transfer and waiting times associated with that. 
This problem is expounded when a further connection is then required – for example, 
to get to/from the shuttle service from your home. In this instance CAVs operating as 
like-for-like shuttle services to VLR or LRT for example, offer little to no improvement 
in this regard. Instances where CAV shuttles are and will continue to be successful, are 
in locations where significant point-to-point demand exists – similar to the Luton 
airport DART, which will link the airport directly to the nearest mainline station. 

The Cambridge Autonomous Metro is the UK’s 
first proposed fully autonomous mass transit 
network, with 3 different concept designs and 
operating models under consideration. The 
concepts deliver similar levels of capacity to rail 
based systems, with less space requirement 
and faster construction time compared with 
traditional mass transit systems. The flexibility 
of CAVs – as shown across the different 
concept designs – is arguably the greatest 
strength of CAVs, offering a level of scalability 
to networks that isn’t possible from other mass 
transit systems, particularly for schemes in 
areas with lower demand.

The greater potential for CAV 
shuttles arises from providing 
door-to-door connectivity, 
thus reducing the need for 
interchange. The operating 
model of such a system would 
rely on greater numbers of 
smaller vehicles, to be able to 
serve the increased number of 
destinations, more closely 
aligned to the MaaS model. 

Right: London Luton Airport DART

Above: Autonomous pod trial in Cambridge using guided busway parallel to 
active travel route

Integration with Active Travel

The reduced spatial requirements of CAV systems 
affords greater opportunity for integration with active 
travel networks, particularly when considering former 
railway lines, where the width of embankments often 
catered only for single track lines. In these instances, a 
CAV-Track and parallel active travel path can typically 
be accommodated (c.6-7m total width), whereas more 
infrastructure-intensive systems cannot always be 
readily accommodated without significant remediation 
to provide the current factors of safety demanded for 
embankments. By segregating routes in such locations, 
the primary safety consideration associated with CAVs
and active travel routes can be mitigated. Current Above: Cambridge Autonomous Metro concept design

standards for cycle infrastructure design (LTN 1/20) now recommend the segregation of cyclists from 
pedestrians and other road users, and this presumption is maintained for parallel CAV and active travel 
routes. Notwithstanding this, the sensor technology deployed on CAVs to navigate, even on segregated 
routes, offers clear benefits compared to existing, human-driven systems reliant on line-of-site for safety.
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The Road Ahead for CAV-Track
Sifting Criteria Original Requirement Revised Requirement

1) Condition • Dismantled (track removed)
• Disused (track exists)

• Focus on disused as it is more 
likely to have full connectivity

2) Population Served • >10,000 • N/A

3) Length • <10KM • N/A

4) Active Travel • No Active Travel routes • N/A (active travel indicates full 
connectivity)

5) Government interest • Levelling Up Fund
• Towns Fund
• STPR
• City Region Deals

• Levelling Up Fund
• Towns Fund
• STPR
• City Region Deals

6) Stakeholder and Local 
Authority Interest

• Evidence of demand 
for bringing this line back.

• Evidence of demand for bringing 
this line back.

7) Branch line • Yes • N/A

8) Width (not in tool) • N/A • >6m

Hypothesis and objectives

Our original hypothesis was that reusing of the former Beeching railway lines as routes for CAV shuttles 
could offer a scalable, cost-effective and economically viable alternative to heavy rail and other 
transport mode solutions, in some locations.

To test this hypothesis, we set out to deliver 3 objectives in this study:

1. Define the criteria where CAVs may offer an alternative transport solution to mass transit.
Autonomous vehicles can enhance both road-based and segregated transit, but since the former 
railway lines offer a segregated opportunity, we focused our sifting criteria on the latter.

2. Identify a shortlist of now closed Beeching railway lines, that meet these criteria.
Our shortlist of sites was limited by the lack of information on some criteria (such as population) in 
the tool. We also requested candidate sites from the DfT's Restoring your Railway fund, which 
enhanced the shortlist, albeit we didn't have time to test any of those sites in detail.

3. Develop a proof of concept to test the project hypothesis for a single geographical location.
The site we chose to evaluate the CAV-Track concept was not successful, thus we couldn't prove our 
original hypothesis. This doesn't mean that the hypothesis is altogether flawed but it does mean that 
we revised the sifting criteria to incorporate the lessons from the proof of concept (see table on the 
right). The most important changes made are to remove the focus solely from branch lines and those 
without active travel networks, to any site that has sufficient width to segregate modes.

Conclusion

The CAV-Track hypothesis remains appealing despite the proof of concept not being successful between 
St. Andrews and Leuchars. The strategic case is strong due to the demand from many local communities 
to re-establish lost connections and the need decarbonise transport. Based on our learnings we see the 
greatest potential for CAV-Track in areas where:

• the local road network is significantly congested or has bottlenecks that justifies segregation;
• there is intrinsic demand at both ends of the route (as opposed being an interchange only);
• the is route wider than 6m to enable physical segregation between active travel and CAVs;
• new housing development enables an integrated CAV corridor in the masterplan, combining 

the benefits of a segregated route and an almost door-to-door journey experience.

Next locations to investigate in order of interest

A natural next step is to investigate other potential sites such as:

1. Havant – Hayling (Hayling Billy Trail), where the local authority is investigating the 
development of a CAV electric shuttle service that is very similar to CAV-Track.

2. Kemble – Cirencester, where ongoing feasibility study is to build a VLR system backed 
by a strong local interest group.

3. Poulton – Fleetwood, where ongoing feasibility study is for a tram-train type system, 
however the local interest group expressed an interest in CAV-Track.
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Glossary

Acronym Meaning 

APM Autonomous People Mover

BRT Bus Rapid Transit

CAV Connected and Autonomous Vehicle

CfBT Campaign for Better Transport

DLR Docklands Light Railway

DRT Demand Response Transport

EV Electric Vehicle

FTVG Future Transport Visions Group

LRT Light Rail Transit

MaaS Mobility-as-a-Service

NR Network Rail

PRT Personal Rapid Transit

STAG Scottish Transport Analysis Guide

STPR Strategic Transport Projects Review

VLR Very Light Rail

17



Alexander Skill

Transport Planner | Arup

Alexander.Skill@arup.com

Rob Henley

Transport Planner | Arup

rob.henley@arup.com

Nicola Laird

Senior Project Officer | Aberdeen City Council

NLaird@aberdeencity.gov.uk

Gergely Raccuja

Principal Data Scientist | Highways England

Gergely.Raccuja@highwaysengland.co.uk

About the Authors

18

mailto:Alexander.Skill@arup.com
mailto:rob.henley@arup.com
mailto:NLaird@aberdeencity.gov.uk
mailto:Gergely.Raccuja@highwaysengland.co.uk


This project has been delivered through the Future Transport Visions Group

Funded by the Rees Jeffreys Road Fund

CAV-Track

ttps://www.ftvg.co.uk/ https://www.reesjeffreys.co.uk/

This work is licensed under the Creative Commons Attribution-NonCommercial 4.0 International License. To view a copy of this license, visit 
http://creativecommons.org/licenses/by-nc/4.0/ or send a letter to Creative Commons, PO Box 1866, Mountain View, CA 94042, USA.

19

https://www.ftvg.co.uk/
https://www.reesjeffreys.co.uk/
http://creativecommons.org/licenses/by-nc/4.0/

