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Abstract

Enabling innovation in the UK railway.

The major impact of a range of factors, such as political uncertainties, economic difficulties,
and the covid pandemic, have hit the UK railway hard, requiring the sector to address its
costs and improve its performance. This has made innovation a necessity rather than choice
for the sector. However, introducing innovation seems to be accompanied with greater

complexity and complication in a complex system such as the railway.

This thesis seeks to analyse and explain the fundamental operation of innovation in the
context of the UK railway sector, to identify and address the issues and barriers existing in
the rail industry that challenge the introduction of innovations onto the railway, and to
develop a conceptual framework to explain how innovation works and how more innovation
can be enabled more successfully. The ambition for the framework is to act as a

foundational piece that can go on to facilitate innovation in the global rail industry.

A systems approach has been adopted for the research methodology. The research reviews
existing literature in the field of innovation generally and its application to the railway
specifically. Mixed research methods are applied to collect, observe, and analyse the
primary and secondary data to provide a broad evidence base to support the development
of a model of the current UK railway innovation landscape, from which the conceptual
framework is developed. Significant new quantitative and qualitative data contributes new
knowledge in the field of rail innovation, as does the development of the model and the

conceptual framework setting out railway innovation.

This research uses a critical approach to establish a conceptual framework that explains the
process of rail innovation, and that significantly enhances the understanding of the key roles
of actors and institutions that can accelerate and/or de-risk implementation processes for
innovation on the railway. The framework is tested and validated to demonstrate its

relevance to the proposed application of railway innovation.
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1.1 Introduction

The railway is a critical mode of transport capable of moving huge numbers of people and
large volumes of freight through cities or across continents in a fast and efficient manner. In
2025, the UK railway celebrates 200 years of operation (Railway 200 2025) since the Stockton
and Darlington railway opened becoming the first public railway using steam locomotives in

regular operation (ICE 2025).

The railway has grown and developed significantly in those 200 years, not least the
technological advances that have occurred that have fundamentally shifted both operations
and expectations. The technology used by the railway (beyond the steel wheels on steel
tracks) has advanced - from steam to diesel and electric traction power, the signalling
systems, information systems, asset management and monitoring, and across all fields of
operation, we can identify clear advances that have utilised state of the art technologies to

improve services.

These advances have come through innovation — identifying new products and processes
and then applying them to create an improvement to the existing state of the art. The
railway has used technology to compete with other modes of transport — from the horse to

the car, to the plane — as an effective means of moving people and goods.

Now more than ever, the UK railway needs to use innovation to deliver an efficient and
effective mode of clean, public transport. As technological development continues at a
rapid pace, threats to the railway continue to emerge from technological innovations
including the potential for autonomous road vehicles, to the commercial innovations
enabling business models that see flying as a cheap mode of medium and long-distance

travel.

The railway needs effective innovation that delivers the right product at the right time to an
industry that can welcome and adopt these opportunities to further improve and enhance
its operations and offer to the market. How do we achieve that? How do we get effective
innovation taking place that can deliver railway applications that achieve the outcomes we,
as an industry, want to see? How can we fully realise the benefits of innovation activities

and increase our chances of success?
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If the railway is to continue to thrive as an efficient means of moving large quantities of
people and goods into and between cities, and across countries, then it needs to compete
effectively with all other modes of transport. This requires it to meet two major challenges

head on:

(1) The first is to provide a good service to customers (be they passengers or freight)
that is clean, safe and reliable, with up-to-date information and the facilities that are
expected in the 21° century.

(2) The second is to provide that service as cost-effectively as possible, making it
affordable both for customers, and to achieve as much as possible to justify the

significant capital and operating expenditure that railways require.

Both challenges require solutions that are constantly emerging to provide ongoing
improvements — improvements that have been sought many times by politicians, such as in
the Williams Shapps Plan (Department for Transport 2021) and in the current plans for
railway reform (Great British Railways 2025). That is the role for, and the requirement of,

innovation for the UK railway.

Research has been defined as “an orderly investigative process for the purpose of creating
new knowledge” (Swanson 2005). This research seeks to analyse the issues and barriers to
introducing innovation onto the UK railway; the aim is to use this analysis to then develop a
framework for enabling and facilitating the introduction of more innovation, more
effectively and successfully, into operation on the UK railway. This research will use an
‘orderly investigative process’ to develop such a framework that will provide new

knowledge and insights to enable more successful innovation.

In this chapter, the background to the research is introduced, followed by the objectives for
the research and the questions it seeks to answer, the approach and methodology

proposed, and the scope of this research project.

1.2 Research Background

1.2.1 The UK railway context

Enabling innovation on the railway: a critical approach 16



The UK railway, at the time of writing, is facing the significant combined challenge of being
required to improve its operational performance to both increase efficiency and reduce
costs. Following the 2024 General Election, the incoming Government was required to
undertake a full review of spending across all areas of Whitehall (HM Treasury 2024).

Within transport, rail faces strong competition for major infrastructure investment including
from the High Speed 2 major project as well as all other modes of transport. It also needs to
convince the Treasury that it is a sensible strategic investment providing good value for

taxpayer money.

The numbers are in question are large: in Control Period 7, the five-year operating period
from 2024 — 2029, Network Rail will spend just over £45bn on railway operations,
maintenance, and renewals (Network Rail 2024); while phase 1 alone of the new High Speed

2 railway line is forecast to cost around £57bn (Public Accounts Committee 2024).

Figure 1.1 shows a high-level summary of the Department for Transport’s expenditure in
2023-24 with rail (in green) consuming £30,125m of a total £44,624m (67.5% of

Government spending of transport).
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Figure 1.1: Department for Transport Annual Expenditure 2023-24 (Department for Transport Annual Report
and Accounts (2024))

To address the costs of running the UK railway, particularly considering the massive negative
impact of the covid pandemic on railway operating costs in 2020, the UK Government
published the Williams Shapps Plan for the UK railway in 2021 (Department for Transport
2021) setting out a clear challenge to the rail industry to urgently modernise. The Plan set
out a new approach to reform the UK railway. A new entity, Great British Railways, is to be

established that will assume many of the responsibilities from Network Rail for managing
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the UK’s railway infrastructure, as well as taking over the management of passenger railway
operations, thereby integrating the complete oversight of all railway operations and
infrastructure within one body. At the time of writing, the Great British Railways Transition
Team continues to develop its plans to implement this major reform programme (Great

British Railways 2025).

The UK railway is frequently announced, reviewed, and reported as being in need of
innovation to improve its operations and processes (for example: Williams Rail Review,
Department for Transport 2019; Shaw Report, Department for Transport 2016; Department
for Transport 2012; McNulty Report, Department for Transport 2011). The common and
recurring goal is the need to reform the railways to increase passenger and freight use and

therefore revenues, to then reduce the burden on public expenditure.

The desire and indeed explicit demand for innovation to be used to support the delivery of
these outcomes is clear. But undertaking innovation and then introducing it to the UK
railway is a complex process fraught with significant barriers — and these barriers appear to
be effective in meaning that the desired outcomes are not achieved, thereby requiring

another announcement, review, and report to highlight this!

This research aims to investigate the systemic problems that have created a continuous
cycle of demand for innovation in the UK railway but with apparently little success in

delivering it.

The UK railway receives public support and investment to enable innovation — for example

the Innovate UK funding streams, a summary of which is illustrated in Figure 1.2.
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Figure 1.2: Timeline and summary of the main competitions Innovate UK has supported and partnered in with
other funders to enable innovation in UK rail (GCRE presentation to the Permanent Way Institute, 14 March

2024 — Davies 2024)

To contextualise, the seven rounds of the annual First Of A Kind funding competition for the

rail sector comprised a combined UK Government investment of £44,140,505 (table 1.1).

2017 FOAK1 (10 projects) £3,369,962
2018 FOAK2 (10 projects) £2,763,879
2019 FOAKS3 (25 projects) £8,062,487
2020 First of a Kind (25 projects) £8,806,776
2021 First of a Kind (33 projects) £9,496,706
2022 First of a Kind Phase 1 (24 projects) £5,016,382
2022 First of a Kind Phase 2 (2 projects) £1,479,063
2023 First of a Kind (18 Projects) £5,145,250

Table 1.1 Innovate UK Rail First Of A Kind competition funding (2017 — present) (Innovate UK 2024)

By comparison, the automotive sector in the UK can count on government investment to
support innovation through several channels including the Advanced Propulsion Centre (APC
2024), an agency established to “collaborate with UK government, the automotive industry
and academia to accelerate the industrialisation of technologies, supporting the transition
to deliver net-zero emission vehicles” (APC 2024). The APC is currently managing £850
million funding (APC 2024) to decarbonise the industry and its supply chains — a huge
number, for context, that is over 10% of total annual national highways spend (see Figure

1.1).

This research will compare the role and operation of the innovation systems in adjacent
industries, including automotive, to understand the similarities and differences with the

railway sector.
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There are plenty of examples of successful innovations introduced into the UK railway sector
over the last 200 years (starting with the first steam-powered locomotives through to the
Intercity125 High Speed Train in the 1970s, the establishment of the standard railway gauge,
the form of block signalling, the opening of the London Underground and the first electric
underground railway), and, the UK railway industry remains recognised as a home of
significant technical and engineering railway expertise (for example, Adams 2016). But the
translation of research and innovation onto the operational railway remains comparatively
difficult, with several factors to blame including high barriers to entry, high risk, slow pace,
system complexity, and political uncertainty (for example, Railway Industry Association

2022, Great British Railways 2024, Rail Supply Group 2016).

This research seeks to identify why this is the case and how this can be addressed.

1.2.2 Why does the railway need innovation?

Innovation can be defined as the implementation of a new or significantly improved product
(good or service), or process, a new marketing method, or a new organisational method in

business practices, workplace organisation or external relations (Eurostat, 2005).
The OECD have also provided a more detailed definition:

“Innovation means the successful development and application of new knowledge. It
therefore involves more than just invention. Fixed capital investments are often necessary
for producing and using new products and processes, as are employee training and
organisational restructuring. It is convenient to view innovation as a process that involves
many different stages, from research and development (R&D) to the development of

prototypes, patent application, and finally, commercial applications.” (OECD 2008).

The purpose of innovation is to establish a beneficial change to the existing way of doing
things. They can be evolutionary, creating incremental improvements, or they can be
disruptive, being radical and creating a major shift in the normal practices, however the

pace of innovation does not affect the definition of (or the need for) innovation itself.
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From the perspective of the railway, there are three major drivers that create a motivation

for innovation on the railway (Burrows et al 2022):

(i) Opportunities to exploit technological advances;
(ii) Growing competition from other forms of transport; and,

(iii) The impact of unforeseen exogenous shocks (such as a global pandemic).
Each of these can establish a clear demand for innovation:
Opportunities to exploit technological advances

The 215 century has set an accelerated pace of technological advance that has seen the
rapid adoption of smartphones supported by several core technologies (for example cloud
computing, big data analytics, artificial intelligence) that offer vast opportunities. These
opportunities can manifest in the railway context in a huge number of ways such as vastly
improved passenger information and real-time communications, or asset condition
monitoring and management, or dynamic traffic operations control and management
systems. The railway could effectively use these advances to deliver improved services to
customers, to reduce its operating costs, and to increase the efficiency, safety and reliability

of its trains and network.
Growing competition from other forms of transport

The railway is under pressure from other transport modes on two fronts. The first front is
other modes of transport developing and deploying these new technologies more quickly
and effectively to provide sterner competition to the railway. For example, the promise of
autonomous road vehicles using battery technology to provide clean and efficient transport
solutions is routinely used, particularly in urban areas to rival the railway (Wiseman 2019).
But it also includes using technology to deliver a better offering to passengers such as
reliable Wi-Fi connectivity, and a reliable and frequent service. The second front is from
operating costs and business models. The railway is expensive to run with fixed
infrastructure and major capital and operating spend required. As such, it requires public
policy support to enable it to compete through policy design and interventions that

establish how public spending is allocated to invest in railway services, focused on
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demonstrating the public good of allocating such investment in supporting a wide range of

positive social, economic, and environmental policy outcomes (Alhassan 2024).
The impact of unforeseen exogenous shocks

The impact of a global pandemic on railway services was, unsurprisingly, negative. The
railway lost its patronage overnight due to lockdowns and has taken time to come back
towards pre-pandemic levels (table 1.2) due to changes in working practices, combined with

reticence to continue with public subsidies to maintain service levels.

Time Period UK rail passenger journeys (millions)

April 2013 — March 2014 1,583.4
April 2014 — March 2015 1,650.4
April 2015 — March 2016 1,713.5
April 2016 — March 2017 1,727.5
April 2017 — March 2018 1,704.0
April 2018 — March 2019 1,753.0
April 2019 — March 2020 1,738.7
April 2020 — March 2021 387.9

April 2021 — March 2022 990.1

April 2022 — March 2023 1,384.8
April 2023 — March 2024 1,612.0

Table 1.2: Office of Rail and Road statistics (excerpt from table 1220) (Office of Rail and Road 2024)

In the period following the covid pandemic, the UK railway has required significant public
funding to subsidise its operation (see below) and, in tandem with government policy
looking to make savings, this has caused the railway to have to balance a reduction in

income with the need to effectively maintain service levels.

Table 1.3 illustrates the major shift in the quantum of government funding required to keep

the railways operating during and after the covid pandemic.
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Figure 1.3: Income for the operational rail industry, UK, annual data, 04/2017 — 03/2023 (Table 7210), Rail
Industry Finance (UK), (Office of Rail and Road 2023)

Taken together, all three of these drivers have caused a range of problems for the UK
railway and thereby providing significant motivation to use innovation to try and find

creative solutions to these problems.

1.2.3 The railway as a complex system with a complex network of actors

The UK railway is a complex system (Besinovi¢ 2020) combining critical transport
infrastructure that provides vital connectivity for passengers and freight, with a large and
varied network of actors and stakeholders, and often described in terms such as, “too
complicated, too confusing for passengers, too expensive to run and improve, too difficult to

lead, and too hard to reform” (Department for Transport 2021).

The current structure of the UK rail industry is in a state of flux at the start of 2025; figure
1.4 below illustrates its complexity in 2021, currently the interim state post-pandemic and
prior to the introduction of Great British Railways. The seismic impact of the covid
pandemic and several changes of Government have led to significant changes to the reform
programme that was initiated by the Williams Shapps Plan and that will eventually lead to

the establishment of Great British Railways.
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Figure 1.4: The UK railway industry in 2021, (Department for Transport 2021)

Figure 1.5 sets out the future structure of the UK railway envisaged by the Williams Shapps

plan. Four years later, the Great British Railways Transition Team is still developing these
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complex plans for fundamental reform of the railway amid a backdrop of relative political

stability following the 2024 General Election.
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Figure 1.5: The envisaged future UK railway industry, (Department for Transport 2021)

Great British Railways is developing a long-term plan based on five strategic objectives

(Great British Railways 2025):

(i) Meeting customers’ needs — with the demand for the railway to improve its offer

by delivering better value for money as well as improving its performance and

reliability.
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(ii) Financial sustainability — clearly stating the need for railway operations to
improve their efficiency and value for money; delivering projects on time and on
budget; and reducing costs to Government.

(iii) Long-term economic growth — specifically referencing improved performance
and reduced cost for users, and “catalysing long-term economic growth by...
directly investing in skills, innovation and digital infrastructure...”. (Great British
Railways 2025)

(iv) Levelling up and connectivity — specifically referencing the role of rail in providing
connectivity for passengers and freight; and its role in social equity.

(v) Environmental sustainability — specifically referencing the need for making rail
attractive to encourage modal shift from alternative modes of transport;
achieving; Net Zero operations; and the need for adaptation to manage the

impacts of climate change.

These expectations were summarised by the then-Secretary of State for Transport at the

end of 2024,

“As part of this Great British Railways (GBR), as the single directing-mind, will plan services
on a whole-system basis, to better deliver for passengers and freight customers, unlock

growth, and provide the services a modern, efficient railway should.

This will lay the groundwork for the introduction of the Railways Bill later this session, which
will establish GBR and end the fragmentation that has hampered our railways for over 30

years of privatisation.” (Haigh 2024)

The root cause of the problem from the political perspective is clear, the fragmented

structure of the railway industry caused by the privatisation of the railway in the 1990s.

Privatisation had been introduced as a means of reducing the operating cost of the railway
on the taxpayer - after thirty years, this has not been achieved (Montero and Finger 2020).
The role of Great British Railways (GBR) is to provide a structural remedy to that, as

envisaged by the Williams Shapps Plan that established GBR in 2021.

The complexity of the railway as a whole system is two-fold:
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= The complex structure of the UK railway - as discussed above - creates difficulty in
aligning risk and reward, of identifying accountability and responsibility, and of
delivering change and improvements.

= The complex operations of the railway are increasingly stretched by rising transport
demand, brought about by increases in population and urbanisation, with more
demand for sustainable transport services, and concerns around affordability and

reliability (BeSinovi¢ 2020).

In this context, the demand for innovation to help address these issues on the UK railway is
clear. But these two-fold layers of railway system complexity negatively impact on the

opportunity for innovation.

In the structural context, the UK railway struggles with the need to incentivise and enable
innovation in response to the finding that the UK railway struggles to innovate due to
diverging responsibilities and priorities for R&D and innovation, as well as needing to build
stronger links between the innovators, i.e. the suppliers of innovation, and the end users,

i.e. the demand for innovation (Department for Transport 2021).

In the context of the complex system of railway operations, this is a system with strict rules
on product introduction and approvals, with high barriers to entry, and where the landscape

is relatively challenging and unattractive for new entrants to the railway sector.

Multiple reviews of the UK railway have identified the need to incentivise innovation, that
there are fragmented priorities and responsibilities for R&D and innovation across the
industry, with a huge gap between the suppliers of innovation and the users of innovation
(for example, Rail Supply Group 2016, Department for Business Energy and Industrial
Strategy 2018, Department for Transport 2021). The continuing reoccurrence of the same

principle as a key part of rail reform clearly indicates that it has not been achieved.

But the opportunity for the railway to positively be able to use innovation to deliver its
objectives, if these challenges can be addressed, is clear — with the increasing challenge of
decarbonisation requirements, and the tangible opportunities that digitalisation offers,

providing clear targets for the UK railway to focus on (Montero & Finger 2020).

Enabling innovation on the railway: a critical approach 28



Figure 1.6 illustrates the range of actors and stakeholders whose role must be understood

by any organisation seeking to enter the UK railway market with innovative products and

services.
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Figure 1.6: lllustration of the range of actors and stakeholders involved in UK rail innovation in 2024

The scale of the UK railway sector and the breadth of organisations with a role to play, or
any kind of influence, on railway innovation is evident. The difficulty for a new entrant to
the railway sector in trying to comprehend and navigate such a complex system, compared
to an organisation with prior knowledge, must be recognised and understood. In
recognising that the railway needs innovation, we also need to understand how to enable
and support that innovation in the context of the railway as a complex system. This

research seeks to investigate that issue.

1.2.4 What can we learn from history?

The invention and development of the railway as we know it took place in the UK in the first
half of the nineteenth century. Over the last two centuries the technology has evolved
significantly with technological advances delivering faster, cleaner, safer transport for

people and goods.
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As the railways developed, demand for research and innovation came from the railway
companies who established their own in-house capability as the networks quickly grew in

competition with each other as well as with other modes of transport (Gilchrist 2009).

Following the nationalisation of the UK railways in 1948, railway research was gradually
centralised into the British Railways Research Department (initially the Railways Executive
Research Department) and its role and value was recognised as significant in enabling the
delivery of the 1955 Modernisation Plan (Gilchrist 2009). The introduction of diesel and
electric locomotives as well as significant advances in infrastructure technologies covering
track, structures, and electrification created demand for research and innovation to deliver
a modernised railway (Gilchrist 2009). The royal opening of the new Engineering Research
department facilities in Derby in 1964 demonstrated the prominence and importance of

research and innovation in the operation and development of the UK railways at that time.

Up to that point, the funding for research and innovation had come from the railway itself
with these activities being driven and delivered to meet the requirements of internal
customers. Between 1965 and 1969, the Research Department actively lobbied the Ministry
of Transport for direct funding to augment the railway’s own investment in research. The
proposal focused on meeting strategic research needs to address national ambitions for
increasing the speed of surface transport. The success of this led to the funded research
programme that delivered the Advanced Passenger Train and the establishment of the
railway test track and facilities at Old Dalby (now one of two Rail Innovation and
Development Centres owned and operated by the UK rail infrastructure manager, Network
Rail) along with a significant volume of rail research over the next sixteen years (Gilchrist

2009).

With the privatisation of the railways in the 1990s, the Research Department was separated
from the operating railway and sold to private industry. This severed the link between

applied railway research and the end user for the first time in the UK.

Since then, the demand for innovation has continued to exist but in a separated manner
from the supply of innovative solutions, creating a gap that had not previously existed in the

UK railway innovation landscape.

Enabling innovation on the railway: a critical approach 30



1.2.5 Regulation and the experience in adjacent industries

Transport is a heavily regulated sector for a number of reasons. Transport is an essential
part of all our lives and plays a critical role in sustaining and enhancing quality of life through
access to employment, education, and leisure (BeSinovi¢ 2020). It plays a key role in
enabling and supporting many positive social, economic, and environmental outcomes. It is
transport’s importance in the health and wealth of nations that make regulation both

desirable and inevitable (Padam 1998).

To provide relevant context, the adjacent transport sectors of automotive, aerospace, and
maritime, provide instructive parallels and a brief comparative analysis can highlight issues
that are common with the railway sector, as well as differences that create the unique
context for the railway. Transport regulation is required to uphold safety standards,
manage environmental impact, support social and economic objectives, enable public
access and connectivity, and manage networks for the good of all —including the operation
and forward planning of investment in transport infrastructure. But how this regulation is

undertaken varies across transport modes.

While the UK railway is heavily regulated with government control over all aspects of both
operations and commercial activities (Nash & Smith (Montero & Finger 2020), the
automotive sector is less directly controlled. The automotive sector is regulated in several
key areas including on safety standards, emissions and environmental standards, and

product standards and approvals — all of which are analogous to the railway’s experience.

From a commercial perspective, the UK railway is firmly controlled by the Government with
many types of fares and services directly specified and contracted to private operators for
delivery, leaving little freedom for private companies to operate under their own auspices,

and stifling any demand for innovation in the process (Stephenson Harwood 2024).

Conversely, the UK automotive sector is free to operate in a private, commercially
competitive market. Revenues are driven purely by customer demand alone rather than

government-specified contracts for services.
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The automotive industry has visibly sought to use innovation to apply technological
advancements into both their manufacturing processes and their product offering. This is
motivated by a highly competitive market with freedom to operate, and freedom to invest
in innovation to create a direct advantage quickly. In the area of manufacturing, robotics,
lean manufacturing, and 3D printing have revolutionised production lines (Bhattacharyya
2015). In the product area, the sector is currently transitioning from combustion engines
and analogue technologies to electric and connected vehicles. The automotive industry has
focused heavily on both electric vehicle technologies, to phase out exhaust emissions, and
to deploy connected and autonomous driving systems, to improve customer experience and
vehicle reliability, both in response to market demand and regulatory pressures (OECD

2023, Winnett et al 2017).

While both the railway and automotive sectors must meet regulatory standards, the
automotive sector has much more commercial freedom within which to operate. This
enables greater freedom to rapidly invest in innovation to gain competitive advantage in a

dynamic market.

Investment in rail innovation is heavily influenced by the UK government and its policy
objectives and signals to the market; by contrast, automotive innovation is purely driven by

commercial imperatives alone (Winnett et al 2017).

Like the railway and automotive sectors, the aerospace sector is regulated as an important
and safety-critical mode of transport. Unlike the others, the sector has multiple layers of
regulation with both national bodies (e.g. the UK Civil Aviation Authority) and international
bodies (e.g. the International Civil Aviation Organisation and the European Union Aviation

Safety Agency) having regulatory functions over aerospace businesses.

As with automotive, the commercial environment for aerospace is a private, dynamic
market where both service operators and the supply industry are businesses looking to gain
advantage in a highly competitive global market (Caliari et al 2023). Innovation is therefore
driven by commercial imperatives within the aerospace sector, rather than by government

objectives as in rail.
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The aerospace sector is a research-intensive industry and an exemplar of using innovation
from technological developments across many areas such as lightweight materials, fuel-
efficient engines, and aerodynamics (Pereira et al 2022; Caliari et al 2023). More recently,
the sector has utilised emerging digital technologies such as digital twins and advanced
simulations to make improvements in maintenance and design (Pereira et al 2022). In
addition, current efforts to decarbonise have seen a major focus on reducing emissions
through the application of electric and hydrogen technology — an example in the UK is Zero

Avia (https://zeroavia.com) who are developing electric and hydrogen-electric powertrains

for aerospace applications.

Like the other sectors (particularly rail and aerospace), the maritime industry is tightly
regulated, although within an international (rather than national) regulatory framework.
The International Maritime Organisation centrally convenes the global regulation of
shipping under the authority of the United Nations and includes comparable safety and
environmental standards (MARPOL) that create a consistent global regulatory framework

for all shipping (Baumann 2023).

Maritime is a competitive commercial market with little government control, instead market
forces create a dynamic market that private companies must respond to — not just within
the maritime industry but with road freight transport as a significant competitor (Alvarez-
Sanjaime et al 2013). This creates the same incentives for innovation faced by aerospace to
ensure that operating companies maintain competitive advantage through the most
efficient and effective operations, thereby using new technologies to best effect. The global
focus on requiring decarbonisation of industries, such as maritime, has led to a renewed
focus on the use of innovation to improve industry performance (Wang, Cheng, Zhen 2023;

Perunovic & Vidic-Perunovic 2011).

As in all other transport sectors, maritime is having to address its environmental
performance which has incentivised investment in low-emission fuels, including LNG,
biofuels, and hydrogen, to meet emissions targets set by the IMO (IMO 2024; Wang, Cheng,
Zhen 2023). Similarly, the development of digital technologies has provided opportunities
to benefit shipping operations, for example through application supporting autonomous

ships and integrating artificial intelligence to optimise route planning and cargo handling.
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Assessing the relevant factors that shape the UK railway in comparison with these three

adjacent transport sectors, there is a clear distinction that indicates the different context

and influences impacting on the railway specifically, summarised in table 1.3.

Rail Automotive Aerospace Maritime
Primary regulatory drivers (safety and environmental)
Domestic Domestic Domestic & International
International
Role of UK Govt public policy
Major — policy Minor — influence Minor — influence Minor —IMO as a

objectives drive

funding decisions

through regulation

through regulation

supranational
regulatory
organisation

manages this.

Market context

Domestic - low
volume sales, UK
Govt directs

procurements

Domestic — lower
value but high
volume sales direct

to end-users

Domestic (defence)
& Global
(commercial) - lower

volume, higher value

Global - lower

volume, higher value

Cost drivers

Government looking
for lowest cost;
balance against

wider public
spending

requirements

Market-driven -
can assess whole
life cost and

benefits

Market-driven - can
assess whole life
cost and benefits (nb
defence industry
public spending is
significantly greater

than for rail)

Market-driven - can
assess whole life

cost and benefits

Supply industry (manufacturers and supply chains) drivers / innovation drivers
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Mostly UK Private companies Private companies Private companies

Government-led looking to gain looking to gain looking to gain
procurements with competitive competitive competitive
detailed advantage advantage advantage

specifications /
requirements (TOCs,

HS2, Network Rail)

Table 1.3: summary of headline factors influencing railway and three adjacent transport sectors

1.3 Research Scope and Objectives

The aim and purpose of this research is to answer the question, ‘how can more innovation

be successfully introduced onto the UK railway’?

The research therefore seeks to understand the current landscape for innovation in the UK

railway, and to identify the factors that either enable or block innovations from succeeding.

The scope of this research project is innovation in the UK railway - the UK railway system in
the widest sense, i.e. the entire sector (incorporating both railway operations and the rail
supply industry), is the subject matter for this research. The research will build a model of

the UK railway system and the role that innovation plays in that.

From that model, a conceptual framework will then be designed that places the role and
purpose of innovation, and correspondingly, how innovation can support the objectives of
the UK railway. To build an effective conceptual framework, the research will also consider
international railway systems and adjacent industries to provide a richer comparative

understanding and context.
The objectives of this research are:

= To undertake a review of the relevant literature relating to models of innovation to
provide a deeper understanding of how innovation is undertaken and deployed to

create value through improvements to products, processes, and solutions.
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= To undertake an analysis of innovation in the railway sector, focusing firstly on the
UK system and then an overview of other systems, and other adjacent industries, to
provide a comparative analysis of innovation theories in application.

= To undertake a detailed analysis of the UK railway sector, using a combination of
research methods, to develop a model of the UK railway innovation system.

= To identify the enablers, barriers, and sector complexities, that impact on the
success of innovations in entering the UK railway market.

= To develop a conceptual framework that uses a model explaining the UK railway
innovation landscape, and that highlights the enablers and mitigate the barriers and
complexities to innovation, in order to design a conceptual framework of how the UK
railway innovation landscape ought to be to enable the more effective introduction

of innovation onto the UK railway.

1.4 Research Questions

The hypothesis for this research is that the UK railway needs to be more effective in
supporting relevant innovation to happen, and to better enable it to be introduced
successfully into deployment, in order to meet the expectations of politicians, stakeholders,
and the general public, to deliver a railway that provides better services for passengers and

freight, and that those improved services are delivered at a lower cost.
To test this hypothesis, five research questions have been developed to frame the research.

The first three questions are all focused on developing the empirical evidence base to

inform a descriptive analysis of what the UK railway innovation landscape looks like.

= RQ1: How is innovation currently supported and enabled, or not, to be introduced
onto the UK railway?

= RQ2: What are the critical factors that act as either enablers or blockers to
innovation successfully being introduced onto the UK railway?

= RQ3: Who are the key actors involved in UK railway innovation?
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The purpose of the fourth question is to develop an abstract model of the UK railway
innovation landscape building on the descriptive analysis from answering the first three

questions.

= RQ4: Can we create a model of the UK railway innovation system (recognising that
it is a complex system) to understand the factors that drive the success or failure of

innovation on the UK railway?

The final, and central, research question focuses on the development of a conceptual
framework of how the UK railway innovation landscape ought to be in order to support

more innovation that addresses the needs of the UK railway as a whole system.

= RQ5: Can we develop a conceptual framework, utilising this model, that can enable

the more successful introduction of innovation onto the UK railway?

1.5 Research Approach

The research will use a systems approach to observe and analyse the UK railway landscape,

based on the Systems Engineering Process V-model (illustrated in figure 1.7).
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Figure 1.7: Graphical systems engineering ‘Vee’ model (INCOSE 2015)

For this research, the systems engineering process v-model has been specifically adapted to

provide a model for the research approach to this project, this is illustrated in figure 1.8.

Figure 1.8: adapted v-model to illustrate research approach
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This proposed systems approach to the research is based on a constructivist perspective,
with the aim to construct a model of the system that can comprehend and explain the

system - in this case, the UK railway innovation landscape (INCOSE, 2025).

The research will build on the abstract model of the UK railway to then develop a
conceptual framework of the UK railway innovation system to create an optimised approach
to introducing innovation onto the UK railway. The objective of this research is to create a
framework of how the UK railway innovation landscape could best be to increase the
chances of successful development and deployment, to decrease the risks of unsuccessful
innovations being pursued, and to deliver the outcomes being sought for railway innovation

(ultimately a better railway).

1.6 Structure
The structure of this thesis is set out below:
Chapter 1 — Introduction

In Chapter 1, the background to the research is presented and the problem that the
research intends to analyse and address. The objectives for the research are established
and the questions that the research seeks to answer are identified. The approach to the

research, the scope of the research and the methodology to be used are then described.
Chapter 2 — Literature Review

In Chapter 2, the relevant literature is identified and established to provide the theoretical
foundation and knowledge of this research project. Using the existing literature, an analysis
is developed to understand theories and models of innovation, the current landscape for
innovation in the railway, and identify the barriers and complexities that exist. Building on
this analysis, the investigation looks at relevant adjacent industries to rail, to compare the
role and complexity of undertaking innovation in those industries and to identify common

themes and contrasts.

Chapter 3 — Methodology
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In Chapter 3, the problem that the research seeks to address is framed, and then the

methodology for the research activities in Chapter 4 is established.
Chapters 4-8 — Observation and Analysis

In these chapters, the detailed research and analysis of the current state of innovation in

the UK railway market is undertaken using four separate methods:

= Firstly, by undertaking detailed PESTLE analysis of the factors influencing and
impacting UK railway and the role of innovation; in parallel with an assessment of
the internal factors that impact the UK railway innovation landscape.

= Secondly, by using an online survey to collect quantitative data for the evidence
base.

= Thirdly, by undertaking interviews with a number of key actors to collect qualitative
data.

=  Fourthly, through analysis of a range of relevant case studies to understand how
innovation operates at present and to test those factors identified, referring back to

the models of innovation investigated in the literature review.

Taken together, the collected data and evidence will be integrated and analysed using a
critical approach to develop a model, that will provide a descriptive analysis of how the UK

railway innovation landscape currently operates.
Chapter 9 - Introducing the Framework

In Chapter 9, the model of the UK railway innovation system is used to develop a conceptual
framework that sets out how the UK railway innovation landscape could and should be. This
framework is designed to build on existing and potential enablers, and mitigate barriers to
innovation, to enhance the likelihood of introducing more and better innovations onto the

UK railway that can deliver the improvements and outcomes being sought.
Chapter 10 — Testing the Framework

In this chapter, the Framework is tested and validated using several case studies identified

in Chapter 7.
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Chapter 11 — Verification and Conclusions

In this chapter, the framework and the case study are reviewed, utilising the observations
and analysis from the expert interviews, and considering the research objectives and
guestions. The conclusions from this review are set out and areas for further research are

identified to enhance the Framework and our understanding of railway innovation.

The conclusions will focus on developing new knowledge around whether innovation in rail
is effective or not, and on whether current investment and organisations involved are

effective in delivering innovation for the railway.

1.7 Publications and Background

During this research, an initial paper was presented at the World Congress of Rail Research
(WCRR) 2022 setting out preliminary findings, Introducing the Birmingham Rail Innovation
Process: a framework for unlocking innovation in the rail sector (Burrows, Blumenfeld,

Roberts 2022).

In this paper, initial findings from the research project were discussed and the Birmingham
Rail Innovation Process (BRIP) — an initial iteration of the UK railway innovation landscape
model and theoretical framework - was described. The BRIP was developed as a tool to help
explain innovation models and concepts to both the railway industry and university
students. This research uses the outputs from the WCRR 2022 paper as a base point to

develop the model of the railway and the theoretical framework in chapter 5.

For much of the duration of this research project, the author held the role of Director of
Enterprise and Innovation at the University of Birmingham’s Centre for Railway Research
and Education. During this time, the author led the development of the HydroFLEX project
and formed a commercial spin-out company that developed the HydroShunter project (see
chapter 7). The author has held several senior roles in the railway and wider transport

industry, focused on strategy and innovation, over the last 16 years.
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Chapter 2: Literature Review

Chapter Structure

2.1 Introduction
2.2 Models of Innovation
2.2.1 Open Innovation
2.2.2 Mission-Oriented Innovation
2.2.3 Multi-Level Perspective
2.2.4 Other useful learnings from theories of innovation
2.2.5 Summary of learning from models of innovation
2.3 Innovation and the rail industry
2.3.1 The UK context
2.3.2 Learnings from international experience
2.4 Innovation in other industries
2.4.1 Automotive
2.4.2 Maritime
2.4.3 Aerospace
2.4.4 Summary of Railway and Adjacent Industries

2.5 Literature Review Summary
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2.1 Introduction

This research is focused on innovation in the UK railway and to develop a framework to
enable increased innovation to be introduced onto the UK railway. The literature review is

split into three parts:

= |nthe first part, the literature in the field of innovation models and innovation policy
will be discussed.

= |nthe second part, the literature in the applied field of innovation in rail will be
discussed.

= |nthe third part, the three adjacent transport industries (see chapter 1) will be

investigated further.

2.2 Models of Innovation

The development of models of innovation has evolved as the process of innovation has
evolved to meet the needs and requirements of modern industry. A useful analysis of this
evolution is set out by Rothwell as the five generational steps of the innovation process

(Rothwell 1994; Marinova & Phillimore 2003; Nobelius 2004; Berkhout et al 2006).

The first generation is characterised as ‘technology push’. This period followed the end of
the second world war in a context of the world needing to rebuild and seeing significant
technological developments taking place. Societies needed to rebuild and wanted to exploit
scientific progress to achieve that, creating the space for supply-driven innovation to take

advantage by providing solutions that were wanted and needed.

The second generation of innovation process is characterised by the need for a ‘market
pull’. This aspect was necessary as the post-war boom slowed down rates, and while
prosperity continued, employment growth was not as sustained. In this generation, the

demand side now plays a role of stimulating and directing research and innovation.

The third generation of innovation process can be viewed considering the economic
conditions that characterised its evolution — economic slowdown, leading to significantly
reduced demand, and oil crises, leading to inflation. This model of the innovation process is

more sophisticated by recognising the role of actors and their interactions within the
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process. The intrinsic link between supply and demand is key in the development of this
generation, with multiple factors and feedback loops being required to comprehend the
process. That link between supply and demand is also characterised by a new focus on
linking and balancing potential risks and rewards in analysing the value and benefit of

deciding to undertake the innovation process (Nelson & Winter 1977).

The fourth generation of innovation process developed during the period of return to
economic growth in the 1980s. The pace and efficiency of product development
characterises this generation of the innovation process, with learning from Japanese
industrial innovation strategies leading the way, in particular their focus on: (i) parallel
development activities to accelerate the process; and (ii) the need to integrate suppliers
into the development process to develop a final, ready-to-commercialise product to

manufacture as efficiently as possible at market entry.

The fifth generation of innovation process focuses on the pace of development, the use of
lean principles, and timely delivery of new product to market - in the context of a period of
rapid technological development and globalisation, the need to be able to innovate at pace
is essential. This context creates a need for organisations to expand their networks and
collaborate, to be able to pool the resource required to invest in successful R&D activities.

Figure 2.1 illustrates these five generations in summary.
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Figure 2.1 Summary of Rothwell’s five generations of innovation process

The five generations of innovation process, as set out by Rothwell, have been further
developed (Marinova & Phillimore 2003) to go beyond the descriptive analysis and pure
commercial application, and to look at these conceptual approaches to the innovation

process as applied in all contexts (Meissner & Kotsemir 2016).

Looking beyond the process alone, this approach of analysing generations of innovation

models can be characterised in the following steps:

Firstly, the ‘technology push’ process can be characterised as the ‘black box’ model of
innovation which can be simply described as resource inputs (money and effort) will

generate new products as outputs from the black box of innovation.

Secondly, the role of market demand for innovation can be characterised as the
development of linear models of innovation, whereby innovation happens in a step-by-step
process. We can consider this as the process of moving through the Technology Readiness

Levels, as shown in figure 2.2.
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Figure 2.2: Technology Readiness Levels (European Space Agency)

Thirdly, Rothwell’s interactive or coupling model, which brings together supply and demand
considerations as key factors in the innovation process, is characterised as the generation of
interactive models where the role of actors in a much more complex environment is

factored in.

The fourth generation of the innovation process that highlighted the roles of supplier
integration and collaboration, is characterised as the generation of systems models. This
generation investigates the role of networks in powering innovation activities and the role

of a wider set of actors in influencing and enabling innovation.

The fifth generation of innovation process that Rothwell reached is the network approach.
Marinova and Phillimore characterise this generation as evolutionary models of innovation,
reflecting the use of biological rather than mechanical metaphors to more accurately

describe how innovation happens within the context of a dynamic environment with large
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numbers of actors potentially influencing the success of innovation (Marinova & Phillimore

2003).

A sixth generation of innovation model is also proposed, the innovation milieux, that reflects
a place-based context for innovation to happen. This reflects thinking developed in the
fourth and fifth generations around the roles and influence of actors and networks, in

particular clusters of activity focused on a particular area (such as the railway for example).

These analyses of generations of innovation processes and models are informative in both
understanding and characterising key factors used to comprehend and explain innovation

activity.

Building on this review of the development of models of innovation, this section investigates
several specific models of innovation. To begin, the research investigates three models of

innovation — open innovation, mission-oriented innovation, and the multi-level perspective.
Further relevant examples from literature are then investigated to support and augment the

learning.

2.2.1 Open Innovation

Open innovation is a relatively recent theoretical approach to explaining innovation that
contrasts with traditional innovation models that emphasise a ‘closed’ approach to
understanding innovation activity within an organisation (Chesbrough 2003). Open
innovation focuses on the opportunity of making use of all available knowledge to an
organisation to undertake innovation - not only those capabilities available from within the
organisation but taking advantage of collaboration to use external ideas. By focusing on the
value of the knowledge and capabilities that are relevant to delivering innovation, it is
apparent that such capacity is bound to be more widely available across a much larger

network of actors beyond an individual organisation.

At the heart of the model of open innovation revolves is the idea that in a world of widely
distributed knowledge, companies cannot afford to rely entirely on their own research and
capability but must also acquire external knowledge and develop their internal ideas
utilising collaboration with external actors (Chesbrough 2003; Chesbrough & Bogers 2014).

This could include buying-in expertise, resources, or technologies, as well as utilising
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different operating models beyond a standard in-house approach of product design,
development, and deployment such as partnerships or joint ventures. The many benefits of
open innovation for companies therefore include access to a greater pool of knowledge and
talent, increased access to potentially exploitable ideas and to a greater number of
innovations (Enkel, Gassmann, Chesbrough, 2009) and being able to draw on the deep
technical knowledge of external organisations, including universities, to enable innovation

to take place (Laursen & Salter, 2006).

As discussed above, a key element of the fifth generation of the innovation process is the
need for pace in a time of rapid technological advances, that requires organisations to
collaborate to be able to be innovative, and to reduce time for product development to

market entry, and therefore remain competitive (Enkel, Gassmann, Chesbrough 2009).

Fundamental to the open innovation model is the openness aspect - that an organisation
gets more benefit by relinquishing a certain amount of control of the innovation process to
get more value from the outcome of it. By being more open to additional ideas a range of
benefits also become available in doing innovation such as reducing costs and risk, as well as

increasing creativity and pace (Chesbrough 2003).

By using the model of open innovation, organisations can better exploit knowledge and
ideas from both within their own organisation as well as from the wider landscape. It can
also increase the possibilities for an organisation to make better use of their own products
and capabilities by being more open to collaboration with other organisations. This outside-
in approach (Enkel, Gassmann, Chesbrough 2009) places value on both knowledge and its
importance for innovativeness, and the importance of innovation networks to use

collaboration to gain competitive advantage.

Through a more collaborative approach to innovation, organisations can also be more open
to more effectively realising benefits from their activities beyond the traditional measure of
selling products or services, through exploiting intellectual property either internally (by
broadening the range of commercial activities to exploit their knowledge) or externally (by
licensing intellectual property to partners to further exploit). This inside-out approach
(Enkel, Gassmann, Chesbrough 2009) allows the knowledge and innovation outputs to be
exploited more effectively and efficiently by placing the market activity (the selling) in the

responsibility of organisations with the business models and infrastructure to best exploit it.
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The table below summarises open innovation versus closed innovation, and the two

approaches to open innovation discussed above.

Open vs Closed Innovation

[ Outside-In approack [ Inside-Out approach

Open Innovation: Development, Route to Market

Knowledge to drive R&D Market exploitation does
can come from outside not have to be done by
of the organisation the organisation

Closed Innovation: Development, Route to Market

Closed internal process of R&D
through to market entry

Figure 2.3: Summary of open vs closed models of innovation

Open innovation requires organisations to continuously adapt and evolve their innovation
processes in response to evolving market conditions and technological advancements. This
requires an awareness of the need to have a range of dynamic capabilities that can identify
potential opportunities and how to manage their development and exploitation. These
organisational requirements have been categorised as: (i) open technology sourcing, (ii)

open mass innovation, and (iii) open collaborative innovation (Podmetina et al 2018).

The model of open innovation also requires an understanding of how the actual activity
generates value opportunities for the organisations taking part. The two approaches of
outside-in and inside-out demonstrate the value of knowledge as an input into the
innovation process (for outside-in) and the value of licensing the outputs from the
innovation process to the user/exploiter of the innovation output (for inside-out). These
roles are alien in the closed concept of innovation process but are key in understanding the
gains available by collaborating in an open innovation process (Chesbrough, Lettl, Ritter

2018).
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The counterpoint to these opportunities of adopting open innovation as a model is that an
organisation will need to develop a range of additional skills to manage potential challenges
from open innovation (Podmetina et al 2018). These include effectively managing
collaborations, ensuring alignment with partners (such as incentives and objectives),
protecting intellectual property rights, while also ensuring that traditional perspectives

around openness and risk are overcome.

The model of open innovation is extremely attractive. It focuses on the importance of
outcomes from innovation — why are we seeking to innovate in the first place? Open
innovation is a model informs an understanding of how innovation can be done more
effectively to develop better solutions that can utilise knowledge and technology more

effectively to deliver improved outcomes.

2.2.2 Mission-Oriented Innovation

Mission-oriented innovation is a model of innovation that looks at the fundamental purpose
of innovation and how to utilise that within a public policy context. The model of mission-
oriented innovation focuses on the purpose of innovation — and the role of governmental
bodies to identify significant challenges that require a focused mission to address them
(Mazzucato 2018; Janssen et al 2021). Mission-oriented innovation explains innovation
from the perspective of the end-user and beneficiary as governmental bodies and wider
society, seeking to utilise innovation to answer the major problems that public policy seeks
to address — which are at the scale of global mega-challenges such as tackling climate

change, eradicating diseases, and ending global poverty.

By identifying these grand challenges as a key purpose for innovation, we can better
incorporate the motivations of actors into the activity of innovation. Mission-oriented
innovation provides the opportunity for transformative innovation policy (Diercks et al,
2019) to generate motivations and incentives to undertake innovation to deliver solutions

to major social and environmental challenges.

In this way we can see innovation policy as a means to an end in supporting the delivery of
social, economic and environmental policy agendas (Diercks et al, 2019). An attraction of

mission-oriented innovation is a model is that we look at innovation through the prism of
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what it can achieve as an outcome, rather than at the technology or the process of doing
innovation. Innovation is frequently seen as a technical process of improving products and
services without reference to the purpose of why this is being done — for example, the black
box of innovation activity, or the process of working through the technological readiness
levels to produce supply-side driven (i.e. the first and second generations of innovation
process as discussed above). This leaves a gap in our understanding of why we might be

doing this for any reasons beyond purely technological and/or commercial benefit.

The model of mission-oriented innovation places governmental bodies as having a critical
role in driving innovation by setting ambitions missions that act as the need for innovators
to target. For organisations looking to innovate, these missions provide major targets on a
scale that generates significant ambitions for the supply of innovation. Where the model of
open innovation is a bottom-up approach with innovators supplying potential solutions to
problems, mission-oriented innovation is a top-down model with public policy objectives
driving demand for innovative solutions (Mazzucato 2018; Hekkert et al 2020). Such a top-
down model provides strategic focus for the utilisation of innovation resource and capacity

to solve the major challenges that exist.

Key to the use of missions as a model for innovation is the proactive role of governments in
investing in and supporting innovation. They need to be driving the demand for creative
solutions that can have an impact on addressing the identified missions (Mazzucato 2018;
Janssen et al 2021). Like the model of open innovation, mission-oriented innovation places
emphasis on the need for collaboration — not just between innovative organisations though,
but also across all relevant stakeholders from governments and other bodies with an

interest in the mission.

Mission-oriented innovation is a policy-driven model of innovation, and therefore demand
side-led, targeting transformations to social, economic, and environmental policy issues
(Hekkert et al 2020). The model of mission-oriented innovation relies on proactive
governments defining these missions and establishing the motives and incentives for
organisations to take part. This involves setting achievable, measurable, and ambitious
targets and making sufficient resource available to incentivise action from innovators. The
mission-oriented model gives innovation a critical role in the public policy agenda as a

means of delivering significant impact to address the major challenges that cut across
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multiple policy areas. But mission theory’s model of innovation is inherently political and
top-down (Janssen et al 2021) which provides a useful insight on a part of innovation

theoretically but does not paint the full picture.

An evolution of the policy-driven model is the mission innovation system framework
(Hekkert et al 2020). The mission innovation system focuses on the network of actors who
can play a role in the development and implementation of innovative solutions (i.e. supply
side plus demand side) that can address the original mission from the policy (demand)

perspective (Hekkert et al 2020).

The mission innovation model complements open innovation as an alternative theory for
describing and understanding innovation. Mission-oriented innovation focuses on the role
of innovation demand (i.e. the user) to incentivise innovation to happen to address major
challenges; this contrasts with open innovation that focuses on the role of innovation supply

(i.e. the innovator) to deliver better outcomes.

2.2.3 Multi-Level Perspective

Where the model of open innovation seeks to explain innovation from the individual
innovator perspective, and the model of mission-oriented innovation explains innovation
from a demand perspective focused on outcomes, there is a third model of innovation that
provides a theoretical framework in the context of the systemic change driven by an

innovation.

The multi-level perspective provides an explanation of technological change (i.e. the process
of seeing innovations develop and become deployed) through an analysis at three different
levels (Kemp 1994; Geels 2002). These levels are different aspects of technological and
social systems that provide the space and context for innovations to take place. Of
particular interest and relevance is that this is another model of innovation that focuses on

both the technical and social aspects of innovation (Geels 2012).

Firstly, there are the niches which are the smallest of the levels and can be characterised as
emerging areas for new ideas and technologies to be developed and deployed. They are
often described in the context of areas to address environmental issues with novel

technologies (Geels 2004). We can understand niches as spaces which are more open to
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novel ideas, processes, technologies, and business models — usually as the space to address
major challenges more creatively and could be characterised as more disruptive than

incremental.

Secondly, there are the regimes which are the established socio-technological norms and
structures in their own sectors or industries. We can understand the regimes as being the
status quo and the current state of the art, using technologies and processes that are well-
established and understood by most actors in that sector or industry (Nelson & Winter
1977; Rip & Kemp 1998). As such, they fundamentally differ from niches by having the
existing technologies and processes being locked into place as the normal way of doing
things, thereby acting as a barrier to innovation as opposed to having an openness to new

ideas and practices (Geels 2012).

Additionally, from a social perspective, the regimes can be seen as being managed and
controlled by a range of actors and interests that will inherently want to maintain their
positions of relative strength. As a result, the regimes will be underpinned by a complex
network of actors, institutions, regulation, standards, and norms that maintain and protect
the status quo thereby acting as a barrier to change and to innovation (van den Ende and

Kemp 1999; Rip & Kemp 1998).

These barriers to technical change are important and are relevant to the UK railway
innovation landscape (see later in this chapter). As Geels notes, “cognitive routines make
engineers and designers look in particular directions and not in others” (Geels 2004, p.910);
cognitive rules are well-understood and regularly used skills and competencies that are
established in the socio-technical regime. Any threat of innovations that can nullify these
rules and make them redundant will not be welcomed while the existing regime is
considered sufficient in solving problems and meeting user needs (Kemp 1994; Rip & Kemp

1998).

The third and broadest level of analysis are the landscapes which are the bigger context
within which we find the niches and regimes. The landscapes represent the bigger picture
comprising governments, mega-trends (such as climate change, urbanisation etc), external
events (such as global pandemics and wars), and all the other elements that can have an

impact on regimes and niches from outside (Geels 2011).

Enabling innovation on the railway: a critical approach 53



Landscapes can be shifted by external factors in dramatic ways that see norms being
reshaped in a paradigm shift creating the space and requirement for a technological shift
(Geels 2002). For example, the identification of climate change as a critical global challenge
that needs addressing can shift political narratives suddenly and significantly, thereby
having a major impact on the norms many individual socio-technical regimes, such as the

rail industry.

It is a feature of the multi-level perspective that landscapes, regimes, and niches, can all co-
evolve with paradigm shifts in the landscape causing changes in the socio-technical regimes
and in related niches; while the emergence of niche innovations can develop changes in
regimes and in turn reshape the wider landscape. However, the opportunities for radical
innovations breaking out from niche opportunities to wider application requires shifts in

either the regime or the landscape to drive the demand opportunity for them (Geels 2002).

The multi-level perspective provides a framework for what it calls technological transitions
which sees a shift in the technological status quo with the adoption and acceptance of
innovative products and solutions (Geels 2002). These technological transitions see radical
innovations developing in the niches and attempting to emerge to challenge the dominance
of the status quo in socio-technical regimes. The technological transitions can be enabled or
stifled through public policy interventions and through the role of relevant actors to
accelerate (or block) innovation. Generally, the prevailing landscape can enable innovations
to break through and gain acceptance where they put pressure on the regime by providing
the need for the innovation in one of two ways: (i) slowly developing / long-term trends
such as population growth and urbanisation, or (ii) exogenous shocks such as wars, political

upheavals, or pandemics.

The multi-level perspective is a valuable theoretical framework for understanding the roles
of actors within the system of innovation (Geels 2004). This perspective provides a model
that enables research to look at the system as a whole and comprehend the roles and
interactions of actors, knowledge, technology, politics, and society, providing a view across

the breadth of the system under investigation (Geels 2012).

Figure 2.4 sets out a summary of the Multi-Level Perspective, demonstrating the
methodology for explaining how innovations can break through and become normalised in a

socio-technical regime such as the UK railway.
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Multi-Level Perspective

FUTURE
SOCIO-TECHNICAL
REGIME
(RADICAL INNOVATIONS
ADOPTED AND
ESTABLISHED IN THE
NEW REGIME)

Existing ways to
solve problems

EXISTING
SOCIO-TECHNICAL
REGIME

TECHNOLOGICAL
TRANSITION

Figure 2.4: summary of the Multi-Level Perspective framework, adapted from diagram in Geels 2012

This model for innovation complements the open and mission-oriented models of
innovation. The multi-level perspective framework takes the opportunities of the other two
models and places them into the context of doing innovation. It provides an analysis of both
the technological and social contexts that are equally important in understanding how

innovation happens.

2.2.4 Other useful learnings from theories of innovation

There are several theories of innovation that can provide additional learning to this

research.

Joseph Schumpeter and Creative Destruction

Firstly, the theory of innovation put forward by Schumpeter that focuses on the importance
of entrepreneurs and disruptive innovations in driving economic growth. Schumpeter
describes the role of ‘creative destruction’ (Schumpeter 1942) which can be viewed as
similar to the technological transitions set out within the Multi-Level Perspective theory

investigated above. Of relevance is his recognition of the importance of both technological
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advances and of institutions in understanding how innovation happens and breaks through
(Schumpeter 1942). As an economist, Schumpeter sees innovations as disrupting the
equilibrium of the current economic system and therefore their potential as key drivers of
economic growth. This is due to the constant evolution of economies, with the context of
the economy (i.e. the time and the place) being relevant to the state of the system — with
markets emerging, product needs and requirements shifting, and new technologies

appearing.

These innovations breakthrough in cycles with waves of innovation bringing forth the
creative destruction that breaks the equilibrium of the economic system; the periods in-
between are characterised by consolidation and a reorganising of the economy to adapt to
these changes and establish a new equilibrium. The parallel with a technological transition
shifting a socio-technical regime from an old technology to the adoption of an innovation

from the MLP is clear.

To that end, he connects political institutions and public policy as partners in the valid role
of using innovation policy to drive economic growth, as they are directly comparable with
political entrepreneurs looking for policy innovations to gain political success through voter

approval (Hospers 2005).

Neo-Schumpeterian theories of innovation

Building on Schumpeter’s work are Neo-Schumpeterian theories of innovation — an early
example is the work of Schmookler who argued that innovation is generally demand-led,
based on capital investment into technologies or industries that led to clusters of patents
being registered — as investment in innovation matches economic (market) opportunity to
justify the investment (Schmookler 1962). This demand-led, ‘market pull’ theory of
innovation can be characterised as a second-generation model of the innovation process
and has been criticised for focusing solely on that single direction rather than considering
the bi-directional balanced approach of both technology push and market pull (for example,

Kleinknecht & Verspagen 1990).

Leading neo-Schumpeterian theories that this research is interested in are the related

theories of innovation systems and evolutionary growth.
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Innovation systems theory emphasises the importance of systems in developing and
building momentum behind technological advances due to the system of actors involved
and their interactions (such as companies, universities, government bodies) (Lundvall 2016).
Innovation is seen as a constantly evolving, cumulative process of development that can
move at varying speeds (Lundvall 1992). Innovation systems are made up of actors,
institutions, and networks, that together play a role in the development and diffusion of

new products and processes (i.e. innovations) (Bergek et al 2008).

The study of national innovation systems which sets out how technological advances are
driven by the interactions between several key actors such as firms, universities,
government bodies and these interactions are facilitated or guided by public policy and
investment (Nelson 2000). While this theory is labelled national systems of innovation, it
fully recognises the impact of globalised markets and international corporations increasingly

blurring those boundaries (Lundvall 1992).

Regional systems of innovation is another place-based model for innovation (for example,
Porter 1996) that focuses on the role and position of firms in driving innovation and their
proximity to each other to provide agglomeration and clustering benefits providing

innovation drivers

Key to this model of innovation systems is the importance of the relationships and
interactions between institutions and organisations as a key driver in the innovation
process. There is a strong emphasis on the role of institutions, policies, and regulatory
frameworks in shaping innovation outcomes. Institutions provide the framework (rules,
incentives, norms) that influences the behaviours of actors within innovation systems,
influencing decisions about investment, research priorities, and knowledge sharing.
Institutions are judged as being critical in enabling an environment that allows innovation

and removes barriers to change.

Evolutionary growth theory is complementary to innovation systems theory, focusing on the
knowledge and learning required as part of the innovation process and particularly how the
present institutions have a key role in adopting new technologies and integrating them into
current practices (Nelson 2005). Its central premise is that technology advances in an

evolutionary manner as it is shaped by the inputs and institutions that drive both its need
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and knowledge required, and by the outputs it generates including its impacts on those

institutions that shaped it.

Evolutionary growth theory builds on the technological regimes that are characterised by
the established routines and knowledge that can influence and shape technological
development. A focus for research in this field is on the importance of learning new
processes and knowledge to adapt to, and adopt, innovations which can then drive

economic growth (Freeman 1991).

The theories of innovation systems and evolutionary growth both look at innovation from a
broader social and economic perspective. By going back to the earlier discussion of a closed
system of innovation (which was contrasted with the open innovation model), we can

contrast that perspective which focuses on a singular technological process of development
within a single organisation, with these much wider models that place innovation within the

wider context and system of actors and institutions.
Two further variations of innovation systems theory are:

= The study of sectoral systems of innovation which focus on systems relating to a
particular industrial sector - which is particularly relevant to this research looking at
UK railway innovation (Malerba 2002).

= The study of technological systems of innovation which are focused on systems

relating to a particular technology (Carlsson & Stankiewicz 1991).

These related theories of innovation systems all emphasise the role of actors and
institutions, as well as public policy, in steering and enabling innovation systems to succeed
along with the importance of creating effective interactions between the appropriate actors
to support collaboration, investment, learning and, ultimately, the adoption and diffusion of

innovations.

They also emphasise the roles of actors and institutions in creating technological paradigms
or regimes, where the state of the art is established for a period of time in a particular and
appropriate context. That technological paradigm can be incrementally improved, or it
could be subject to a Schumpeterian moment of creative destruction by the introduction of
a radical innovation, that sees a technological transition deliver an advance in the

technological state of the art.
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Constructivist theory

One final theory of innovation to discuss is that of the social construction of technology.
This theory argues that technology is driven by human action and not the other way round
and that the adoption of technological advances and how technologies are used and
understood can only come from, and be directed by, human knowledge and action (Pinch

and Bijker 1984).

Of particular interest to this research is the statement of intent from social constructivists to
‘open the black box’ of technology (Bijker, Hughes, and Pinch 1987) where technological
innovation follows a closed model of technological development inside a black box remote

from its real-life context and environment.

This builds from social construction theory (Berger and Luckmann 1966) that society creates
and institutionalises roles, thereby creating a constructed social reality that is learnt and
then played by all actors involved within a set of normative rules. Therefore, our social
reality is subjective and formed through learning social and cultural knowledge by

experience of habits, customs, and institutions.

Hughes expresses the theory as seeing technology as a form of creativity, being developed
to solve current problems in a world that has been built and cultivated by humans (Hughes

2004).

The social construction theory of technology sees innovations emerging as an output of the
interactions between firms, organisations, institutions, and the other actors within a
network (Bijker, Hughes, and Pinch 1987). This network is a key part of the innovation
process, providing a technology complex of wider expertise to enhance and promote the
understanding and acceptance of the innovation, as well as its development. This enhances
our understanding of innovation as an activity that incorporates much more than solely the
practical development of a solution in itself. It requires the contextual analysis of being able
to successfully place the innovation into the context to appreciate its real value in solving a

contemporary problem.

This theory goes a step further than innovation systems theory in that the actual technology

plays a lesser role than the interactions in terms of what the actual innovation output is.
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This theory is much more effective at drawing out the roles of actors in innovation systems,

rather than the technological innovation itself.

2.2.5 Summary of learning from models of innovation

This section has established a theoretical basis for understanding models of innovation and

how we can use them to understand the role and application of innovation to an industrial

context. These theories of innovation reflect a variety of perspectives on how innovation

happens, how it is organised and enabled, as well as reflecting on the purpose and

outcomes of doing innovation.

Table 2.1 sets out a summary of the models of innovation investigated in this literature

review with the key learnings.

Models of Innovation

Key Themes

Open Innovation

Value of collaboration and focus on maximising access and
utilisation of knowledge and capability to develop and exploit
innovation. Importance of considering the respective supply

and demand side roles.

Mission-Oriented

Innovation

Motivating and incentivising innovation to address grand
challenges, using public policy as an instrument to drive
innovation. A useful example to consider for mission
innovation is NASA and the focus on putting a man on the
moon in 1969 - a grand challenge was used to focus efforts

and resource on a clearly identifiable goal.

Multi-Level Perspective

The respective roles of, and interactions between, the Niches,
Regimes, and Landscapes to understand established socio-

technical regimes and technological transitions.

Schumpeter

Cycles of disruptive innovation. A useful example of these

cycles that might be considered are how our access to
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recorded music has evolved over the last four decades —
moving from vinyl records, to cassettes, to compact discs, to
mini-discs, to MP3, and now to streaming. All of these
evolutions have not been incremental but transformational,

making the previous technology obsolete.

Neo-Schumpeter The fundamental importance of recognising the roles of actors
(Innovation Systems) and institutions in wider systems of innovation. Evolutionary,

ongoing process of innovation.

Social Construction Innovation as a resulting output from interactions between
actors and institutions. Innovation develops within a network
and gains acceptance thanks to the efforts of that wider

network.

Table 2.1 Summary of models of innovation considered in this research review

The key learnings from the literature that this research will build on include:

= The importance of considering the roles of the supply and demand sides in enabling
successful innovation to happen.

= Viewing innovation in a cyclical rather than linear manner. If we consider the multi-
layer perspective as a means of understanding how technological advances happen,
then the role of niches in developing radical innovations that are encouraged from
signals sent from the landscape and regime to provide the technological transitions
that pull improvements into the state of the art.

® |nnovation as waves or cycles of improvement that build on the existing landscape
and technological norms. In this context, innovation is about constant cycles of
improvements to derive benefits rather than a linear process with a start and an end
point.

= Understanding the fundamental roles of actors and institutions in guiding and
influencing the innovation process. Understanding the model of innovation is
considerably more sophisticated than a mechanistic process of technological

development alone.
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= Developing the perspective of three levels guiding and influencing the process of
innovation — the landscape (the context for the innovation to develop), the
development (the actual identification through to completion of the potential
innovation), and the outcomes (the delivery of the innovation to the market which

then shifts the landscape through an improvement to the state of the art).

In the next section, the learning from the literature will be applied to the context of the UK

railway.

2.3 Innovation in the rail industry

In this section, the research seeks to understand how innovation happens in the UK railway
industry. As discussed in Chapter 1, the UK railway is frequently found to be lacking in
making use of innovation. However, this has not always been the case, and this research

seeks to understand how and why this has changed.

Following an investigation of the experience in the UK, the research then looks at
international experiences to provide a fuller understanding of the innovation landscape

across global railway systems.

In this section, the research is informed by the Schumpeterian theory of innovation which
uses cycles of rapid technological development, enabled by clusters of innovation, to drive
economic growth (Schumpeter 1942, Ayres 1990, Thompson 1990) — this theoretical
approach will be used as an analogy. This analogy is helpful in defining broad periods where

the UK railway has been transformed by the application of new technologies and processes.

2.3.1 The UK context

The coming of the railway

The opening of the Stockton and Darlington Railway in 1825 (ICE website), followed by the
opening of the Liverpool to Manchester Railway in 1830 (ICE website), established the

coming of the railway age in the UK and, indeed, globally.
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The market success of the Liverpool to Manchester railway led to the growth of ‘Railway
Mania’ where huge numbers of people rushed to invest in this new technology (Odlyzko
2010). This immediately established the significant demand for the railway as a completely
innovative transport system — and this demand driving the supply of innovation i.e. new
railways. This demand was catered for by several rapidly established railway companies, all
in direct competition with each other. Although the railway was a new technology, within
only a few decades many railway companies had established their own laboratories to
undertake research and innovation activity in support the engineering departments of the

railway company (Gilchrist 2009).

As the railway network rapidly grew across the UK through the course of the 19" century,
the application of this new transport technology became increasingly inefficient with far
more railway network than was reasonably required due to two factors — excessive
competition between the private railway operators, and a failure by the UK Government to

effectively regulate the railway as it had developed (Casson 2009).

The age of electrification

The application and impact of electrification technologies on the railway has been a long,
ongoing process. From a theoretical perspective, we can view this area as one where the
technological advance has brought about a family or cluster of innovations for specific
railway application where the technical bonds applied to the specific industrial sector make
this a case of long-term diffusion of the technological innovation (Clark, Freeman, Soete

1981).

The development of electrification technologies for railway applications took place in the
mid-late 19t century with the practical introduction into operation of electric traction
power in 1881 in Germany (Guinness Book of World Records) and in the UK at the Volks
Railway in Brighton in 1883 (Volks Railway). However, by 1939 only London Passenger
Transport and the Southern Railway had applied electrification to any significant scale

(Aldcroft 1969).

Enabling innovation on the railway: a critical approach 63



While the modus operandi of the large railway companies, with their own internal
laboratories established to support their engineering divisions, would appear to
demonstrate the closed model of innovation as a purely internal process for each railway
company, there is firm evidence of railway engineers sharing knowledge through their
membership of learned institutions and publishing papers, as well as sharing ideas and

personnel with universities and their peer networks (Divall 2006).

With the nationalisation of the railways in 1947, there was a clear opportunity for improved
coordination, regulation, and investment to start the rebuilding of the UK railway. The
railway laboratories were brought together as a Research Department for British Railways

(Gilchrist 2009).

While the railway invested significantly in research to enable modernisation of operations to
reduce cost and increase performance and efficiency, it was not necessarily a rapid adopter
of the latest technology. The 1955 Modernisation Plan brought significant investment in
electrification of the mainline railway network and the replacement of steam with electric
and diesel trains (Cox 1957). However, it was only in the 1960s that diesel and electric
traction power systems were introduced at a significant scale, even though they were
proven technologies, having been in widespread use across the world for more than two
decades —including in the UK. But the transition away from steam - which could have been
achieved significantly before the mid-1960s when it finally happened — was hampered by
the fact that steam power was locked into the mindset of the rail industry for many reasons
including familiarity with existing technologies - steam provided the technological basis for
the railway - to adopt electric and diesel technologies required a wholesale shift in

technology and mindset. (Aldcroft 1969).

These examples illustrate that although innovation has played a significant and recognised

role in the UK railway, it has not always been immediately welcomed and deployed.

Privatisation
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The latter decades of the 20t century saw a fundamental shift in the UK railway with
innovation in both the technological context as well as the operational context with the

introduction of privatisation to the UK railway.

From a technological perspective, the UK railway had benefited from a centralised research
and innovation programme led by the British Railways Research Division and a Joint
Programme, funded by British Railways and the UK Ministry of Transport. The Joint
Programme had attracted funding from the Ministry to support a strategic research
objective for high-speed ground transportation (Gilchrist 2009) demonstrating a policy
demand that illustrates the mission-oriented theory of innovation discussed earlier in this

chapter.

As the Research Division was a part of British Railways, it was driven by demand from the
operational divisions of the UK railway and its specific needs for support and improvement.
This direct connection between innovation supply and demand in the UK railway innovation
landscape lasted until 1996 when British Rail Research was sold to a private company,
thereby removing that direct institutional link for the first time in the UK railway’s history. It
is interesting to note that railway productivity in the UK significantly improved and was
remarkably high in the run-up to privatisation between 1975 and 1995 - a period that saw

the UK railway outperform its European counterparts (Bagwell 2004).

Rapid technological advances (215 century)

Digital technologies are not new but the technological advances that digitalisation is
enabling are significant and the first two decades of the 215 century have seen major steps
being taken — cloud computing, big data analytics, artificial intelligence, robotics and
automation, and several others that can all play a role in the railway environment. At the
time of writing, we are in an innovation cycle for the railway that could and should see a
significant adoption of digital technologies to deliver a competitive, efficient, reliable, and

sustainable railway (Steele & Roberts 2022).

The development and adoption of digital signalling, traffic management systems, and

automatic train operation, onto the railway is delivering tangible change to railway
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operations (for example, the deployment of Automatic Train Operation enabling 24 trains
per hour to use the Central London Thameslink route; Railway Gazette International 2018).
While customers are quickly becoming accustomed to using digital services providing

ticketing and real-time information as a minimum expectation.
UK rail supply industry

The UK rail supply industry is a significant industrial sector, making an estimated annual
economic contribution of £17.8bn to the UK economy, £6.2bn of tax revenues, and

supporting 317,000 jobs directly and indirectly (Oxford Economics 2021).

The rail supply industry comprises rolling stock manufacturers, infrastructure, equipment,
and services providers, as well as the rolling stock owning companies, universities, trade
associations, and other supporting entities — a broad spectrum of organisations with a
breadth of solutions and capabilities that can be rail-specific or applied across multiple
sectors. The rail supply industry is, generally, the source of innovation supply onto the
railway (the UK railway operations industry can generate or directly source some innovation

supply but, in general, the supply industry is the primary source).

The rail supply industry is a competitive marketplace with major international players at the
top of the chain including Original Equipment Manufacturers such as Alstom, Siemens, and
Hitachi, and Tier 1 infrastructure contractors such as Balfour Beatty, Vinci, and Skanska; and
a much larger number of Small and Medium sized Enterprises feeding into the sector at

various levels across the supply chain.

One significant structural initiative from the rail supply industry was the establishment of
the UK Rail Research and Innovation Network (UKRRIN). In 2018 a group of universities, led
by the University of Birmingham, partnered with a group of industry organisations
(combining of OEMs, Tier 1s, SMEs, the Rail Safety & Standards Board, the Railway Industry
Association, Network Rail, Transport for London, and High Speed 2 Ltd) to establish UKRRIN
with the express aim of building a collaborative network across industry and academia to
foster and enable collaboration in railway research and innovation. The clear ambition was
to establish a network of partners to enable the development, adoption, and diffusion of

innovation into the industry more effectively. UKRRIN followed in the footsteps of the Rail
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Research UK Association (RRUKA) and incorporated its role as a convenor and coordinator of
rail R&D activity, but with a stronger focus on industry partnerships and accelerated
commercialisation of research and development activities (Dobell 2017). RRUKA in turn was
a successor to the Advanced Railway Research Centre that had been set up at the University
of Sheffield by the British Railways Board to take over the coordination of British Railways
research and move it into academia alongside offering industry training and development

(Smith 1997).

The development of UKRRIN was a direct response to a specific request from the rail supply
industry and government to establish such a network that could enable and accelerate
industrial research, development and innovation, as well as the skills required to support

this, to meet the industry’s ambition to prioritise innovation (Rail Supply Group 2016).
UK rail operating industry

The UK operating industry comprises passenger and freight operating companies and the
infrastructure managers. The passenger train operating companies are a mix of operators
that are already publicly owned at the time of writing, and privately-owned companies
operating under National Rail Contracts with the Department for Transport. These private
companies will over the next couple of years move into public ownership as well and come

within Great British Railways.

Network Rail is the owner and manager of nearly all of the UK railway infrastructure
network. Network Rail will also be brought into Great British Railways in the near future.
High Speed 1 is privately-owned infrastructure, and the intention is for both High Speed 2

and East West Rail, when they are delivered, to use the same model as well.

The Freight Operating Companies are privately owned, and, unlike passenger rail
operations, they are not controlled or directed by the Department for Transport but instead

operate as purely private, commercial operations.

The operational side of the industry can be broadly characterised as providing the demand

for railway innovation.

Innovation in UK rail
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While there is clearly innovation activity in the UK rail industry, designed for and deployed
onto the UK railway to varying degrees, the amount of research focused on understanding

UK railway innovation activity is relatively limited.

Montero and Finger provide a comparative review of railway regulation, and regulatory
reform, and the implications for innovation (with specific reference to opportunities for
decarbonisation and digitalisation (Montero and Finger 2020). Gilchrist undertakes a
historic analysis of railway engineering research and innovation in the UK railway over the
last century (Gilchrist 2009). Divall investigates the networks of technological experts that
formed in the UK railway industry in the inter-war period to share knowledge and
experience (Divall 2006). Aldcroft investigates the example of the lag in the adoption of
new diesel and electric railway traction systems, with the UK railway clinging onto the tried
and tested system of steam traction far longer than would have been expected (Aldcroft

1969).

Finally, as referenced above, an initial paper was produced early in this research setting out
findings from early investigations into the role of innovation in the UK railway (Burrows et al

2022).

Actors and Institutions

Referencing the discussion earlier in this research concerning the multi-level perspective
and innovation systems theory, it is important to further reflect on the actors and

institutions who also have a functional role in the UK railway innovation landscape.

The UK Government, devolved administrations in Wales and Scotland, and regional (such as
the Mayoral Combined Authorities) and sub-national transport bodes (such as Transport for

the North), all play key roles in directing railway services and demand for innovation.

A number of other public bodies all have key functions influencing railway innovation

including:

= The Office of Rail and Road (the regulatory body for the railway).
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= The Rail Accident Investigations Board (an independent body that investigates

accidents and incidents with a focus on driving up safety and preventing future

accidents).

= The Railway Safety & Standards Board (an impartial, not for profit organisation

owned by the industry to convene and coordinate safety and standards across the

sector).

= Transport Focus (an independent transport user watchdog).

= |nnovate UK (the Government’s national innovation agency, deploying public funding

from UK Research & Innovation to support businesses to undertake and

commercialise R&D/Innovation).

Figure 2.5 below uses the earlier stakeholder figure (figure 1.6) and groups together these

parts of the industry to illustrate the functions of the rail industry in relation to the UK

railway innovation landscape.

Regional Bodies:
Transport for the North
West Midlands Rail Executive
Other regional transport bodies

+
INSTITUTIONS

Other Public Bodies:
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RSSB, Transport Focus

Government:

UK Department for Transport
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Transport Scotland
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v
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Academia / UKRRIN
Trade Associations (RIA, Rail
Forum)
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Rail Supply Industry:
OEMs, Tier 1s
Suppliers / SMEs
Rail Supply Group

ROSCOs:
Rolling stock owning companies

Figure 2.5: diagram illustrating UK railway innovation landscape actors

2.3.2 Learnings from the European experience

Across the Channel, mainland Europe is home to many different national railway networks

that have evolved distinctly but jointly comprise a trans-continental transport network.
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Unlike road- and air-borne transport that relies on relatively simple and homogenous core
infrastructure, the European railway systems have developed using different power and

signalling systems along with huge variance in standards and levels of investment.

The European Union (through the European Railway Agency) has been key to providing
greater coherence and harmonisation across these systems to enhance the connectivity of
people and goods, through the interoperability of these national railway networks. Through
several initiatives — such as the introduction of the Technical Standards for Interoperability
(TSIs), the European Rail Traffic Management System (ERTMS), the Trans-European
Transport Network (TEN-T) — there has been greater cooperation and coordination across

European railway systems.

This harmonisation has created the opportunity for the European rail supply industry to
serve a more harmonised, simplified, and therefore much larger railway market in economic
size. This has provided a much greater market demand for railway innovation suppliers to
access, which has been supported by the dedicated European Union research and
innovation funding schemes that have been put into place to support European railway

systems and their suppliers.

The Shift2Rail programme was introduced in 2014 under Horizon 2020 funding and, as a
Joint Undertaking, leveraged industry co-investment to unlock dedicated EU funding,
establishing a 7-year budget of EUR 920 million to invest in railway research and innovation
across the EU (Shift2Rail 2019). This has been now superseded by the Europe’s Rail Joint
Undertaking, under Horizon Europe funding, which is projected to spend EUR 1,297 million
(Europe’s Rail JU 2025). In the establishment of Europe’s Rail, the challenges it seeks to
address are familiar: changing customer requirements, need for improved performance and
capacity, high cost, climate change adaptation and environmental sustainability, legacy
systems and obsolescence, interaction with other modes, and increased competitiveness

(European Commission 2021).

This scale of investment at the European level to both coordinate the funding and direction
of railway innovation on the supply side, through the requirements from the demand side, is
aimed at both strengthening the railway supply industry and targeting the improvements

needed to boost railway operations across Europe.

Enabling innovation on the railway: a critical approach 70



Taking learning from the literature review of models of innovation, there is a clear policy
objective from the European Union in driving mission-oriented innovation on the railway in
the wider context of decarbonising the transport sector to address climate change
(European Commission 2018). In addition, the theory of innovation systems can point to the
proactive role and coordination of institutions and actors in support of railway innovation

activities.

2.4 Innovation in other industries

In section 1.2.5 above, the context of three adjacent transport industries (automotive,
aerospace, and shipping) was discussed and summarised. In this section, the respective
innovation drivers and systems of those three industries will be investigated in more detail.
This analysis will assist in providing contextual and constructive comparison between the UK

railway and its closest comparator sectors.
2.4.1 Automotive

The automotive industry (like the railway) is undergoing a profound transformation as it
transitions away from combustion engines to electrification. Additionally, the innovative
application of digital technologies has been deployed in a variety of ways to continually
improve the products being offered to the market. Automotive sector innovation has also
widened to the supporting infrastructure required for electric vehicles, and even the
business models required that could reshape the sector significantly with the development

of autonomous vehicles.

Electrification is the most visible innovation topic for the automotive sector at the present
time. With domestic and international regulations requiring the industry to invest in the
transition away from fossil fuels (Barroso et al 2022), the sector has a clear incentive to
innovate, and with the sector offering a product directly to private buyers in large numbers
(unlike the other transport sectors under investigation here) there is a huge volume of sales

for manufactures to chase.
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The automotive supply industry also has numerous opportunities to deploy innovations as
demand for competing battery chemistry technologies, charging infrastructure, and
enabling technologies are rapidly deployed at scale in support of electrification (Shahzad &
Cheema 2024). In addition, technologies supporting connected and autonomous vehicles
also provide innovation opportunities for the sector to develop its product offerings.
Alongside these technological developments, come the regulatory developments that are

required to keep up with innovation.

As regulations for the deployment of automotive innovations are a domestic concern, the
sector faces variations in approach across its global markets with the adoption of these new

technologies (Rogge & Goedeking 2024).

Like the other transport sectors, digital technologies offer many opportunities to improve
the product offerings from manufacturers and their supply chains. These technologies such
as cloud computing, data analytics, internet of things, artificial intelligence, and the roll out

of 5G, all provide the basis for new solutions to improve products and services to customers.

Beyond technological innovation the automotive sector’s traditional commercial model of
private car ownership (unlike the model for rail, aerospace, and shipping) has also provided
scope for innovation. Ride hailing and car sharing have both created new transport models,
targeting taxi rides and shared car ownership as areas where technology can enable new

commercial models for transport services (Acciarini et al 2022).

A further evolution of this commercial model is Mobility as a Service (MaaS) which reverses
the traditional model of paying for a transport service (such as a train ticket) and instead
offers the purchase of multiple modes of transport to choose from as required for the
specific journey (Atkins Transportation 2015). The technological innovation enabling a
commercial innovation such as Maa$S encourages the automotive industry to explore new
revenue streams beyond traditional car sales, as customers can increasingly prioritise access

to cars over their full-time ownership.

Finally, innovation has played a vital role in improving automotive manufacturing. The

sector has been a leader in improving efficiency, flexibility, and sustainability in its
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production processes with the adoption of a number of new technologies. These have

included:

1. Automation and Robotics — these technologies have been key to improving
automotive manufacturing production lines for many years. Artificial
intelligence and machine learning have enabled more sophisticated and autonomous
systems, while collaborative robots work alongside humans on production lines,
improving efficiency and reducing errors (Bogue 2022).

2. Additive Manufacturing - 3D printing technology is being increasingly used for
prototyping and producing parts. This allows for rapid iteration in the design process,
reducing waste, and efficient use of resources, as well as enabling more complex
designs to be produced more simply and quickly (Vasco 2021).

3. Sustainable Manufacturing - the automotive industry has focussed on making
production processes more environmentally friendly. The adoption of circular
economy principles (emphasising the reuse and recycling of materials) has been
adopted into manufacturing processes, along with the use of renewable
energy sources, are all key to increasing sustainability in automotive production

(Stoycheva et al 2018).

The automotive industry is undergoing a period of rapid innovation, driven by the need for
increased sustainability, rapid technological advances, and changing consumer preferences
and increased expectations. There are clear parallels between the automotive industry and
the railway industry as technological developments offer many opportunities to develop
solutions that can deploy digital technologies to improve products and services. Alongside
those developments, innovation is being required to support the long-term decarbonisation
of the sector as the regulatory environment requires the phasing out of fossil fuels and the

electrification of both sectors.

2.4.2 Aerospace

The aerospace industry has seen sustained growth over decades as global demand for air

travel has continued to rise. Like the other modes of transport, it is an industry that faces
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challenges related to its environmental impact and sustainability, as well as needing to
deliver continued improvements to operational efficiency, and meeting increasing

passenger expectations.

As discussed earlier (in chapter 1.2.5), aerospace faces regulatory oversight from both
domestic and international bodies but operates in a highly competitive market where
private companies are competing for business in a commercial market driven by private
airlines. Alongside that market is a governmental market with huge funding to support the

industry and, in parallel, the defence applications and corresponding investment.

Due to the dynamic market where cost and competitive advantage are the crucial drivers,
innovation is a key instrument to business success. The acceleration of digital technologies
has created many opportunities that the aerospace sector has quickly grasped to support
more efficient operations, enhanced safety, and improved experience for passengers.
Aerospace has rapidly implemented digital technologies such as data collection and
analytics to enable predictive maintenance and improve reliability and maintenance
regimes, and digital twin technology is used as standard to improve and accelerate designs
before bringing them into operation (Li et al 2022). Meanwhile artificial intelligence is used
to optimise route planning and air traffic control, providing improvements to fuel

consumption and flight pathing.

Even more than for rail, the aerospace sector is under huge pressure to improve its
environmental performance. The sector has set itself sustainability targets in a bid to visibly
address the problem of sustainability in its operations. The International Civil Aviation
Organisation (ICAQ) has established a scheme to offset emissions above 2020 levels to
support carbon-neutral growth, and with the overarching aim to halve its carbon dioxide
emissions from 2005 levels by 2050 (the CORSIA scheme, ICAO 2024). The International Air
Transport Association (IATA) has made a commitment to achieve a net zero level of

emissions by 2050 (IATA 2024).

Learning from the review of the literature, we can characterise this as the socio-technical
regime responding to pressure from the broader landscape to address concerns around the

environmental performance and sustainability of the sector, within the current socio-
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technical regime. The sector’s response to this external pressure from the landscape is

manifesting at present in four broad areas:

1. Energy efficiency — as fuel is a direct cost for airlines, there is an ongoing incentive to
reduce cost base through improving fuel consumption. Lightweighting of aeroplanes
is a key approach (Zhu, Li, Childs 2018), as seen on new plane designs such as the
Boeing 787 Dreamliner and the Airbus A350, and more efficient engines (Bravo,
Vieira, Ferrer 2022), such as the Rolls Royce Trent XWB, are two key innovation
developments actively supporting this agenda.

2. Sustainable Aviation Fuels — fuel made from renewable sources are an area of
interest in quickly establishing a transition to more sustainable aviation. Significant
industry efforts are seeking to scale up this opportunity to improve sustainability
performance (Shahriah & Khanal 2022).

3. Electrification/Hydrogen — another area seeing significant investment is in
developing electric, hybrid, and hydrogen planes to rapidly reduce emissions on the
route to full decarbonisation of the sector by 2050 (Tom et al 2021), demonstrated

by projects such as Wright Electric, Zero Avia, and Airbus ZEROe.

The aerospace industry is investing in rapid innovation across the critical areas of
decarbonisation and digital technologies to achieve better services, improved efficiencies, as

well as moving towards decarbonisation.

As a highly competitive global industry, operating in a dynamic market subject to market
forces, the companies in this sector face continuous pressure to improve and freedom to
operate commercially, giving them freedom to choose to make the requisite levels of
investment needed to deliver innovation that can ensure they maintain their

competitiveness.

2.4.3 Maritime

The international maritime industry is responsible for transporting around 90% of global

trade by volume. As with the other modes of transport in this investigation, maritime is
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undergoing significant transformation with technological developments providing significant

commercial incentive to utilise innovation for commercial advantage.

Maritime has traditionally relied on well-established processes — like the railway it has used
established technologies to provide motive power, moving from coal to diesel, but with
growing pressures from environmental regulations, rising operational costs, and the need

for greater efficiency, innovation to support decarbonisation has become essential.

Maritime contributes to approximately 3% of global greenhouse gas (GHG) emissions,
making it a key focus area for international regulators. The International Maritime
Organisation has set ambitious targets to cut GHG emissions by at least 50% by 2050
compared to 2008 levels, driving demand for significant innovation in the sector

(Mallouppas, Yfantis 2021).

For maritime to decarbonise, there are several areas of promise for innovation to be

effective:

1. Energy efficiency - one of the most straightforward ways to reduce emissions is by
developing energy-efficient ship designs. Modern vessels are being designed with
optimized hull forms, improved hydrodynamics, and lightweight materials to reduce
drag and fuel consumption (Mallouppas, Yfantis 2021).

2. Operational Efficiency - another way for shipping companies to reduce emissions is
by adopting slow steaming practices, where ships operate at reduced speeds to cut
fuel consumption. While this increases journey times, the fuel savings and reduced
emissions often outweigh the delays. Furthermore, the development of new
technologies enables innovations including better logistics management and just-in-
time arrival systems to be deployed, which ensure ships arrive at ports when berths
are available, which helps to reduce idle time and unnecessary fuel consumption
(Degiuli et al 2021).

3. Sustainable Power Systems — as with rail, removing fossil fuels from the energy mix is
a key factor. Traditional heavy fuel oil that is used by shipping is highly polluting, and
the IMO’s 2020 global sulphur cap (Zisi, Psaraftis, Zis 2021) has provided an incentive
to push the industry towards cleaner fuels, such as Liquified Natural Gas, ammonia,

hydrogen, and biofuels, although this will still require significant policy and market
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intervention from actors and institutions to drive the industry towards adopting such
technologies against a backdrop of a competitive and growing market (Gossling,

Meyer-Habighorst, Humpe 2021).

As a highly competitive globalised market, private maritime companies face the same two
governing pressures that the UK railway faces — providing improved services while managing
lower operating costs. Unlike the UK railway, those pressures come from market forces

rather than the Government control as the ultimate bill-payer through subsidies.

Maritime companies have identified a raft of opportunities with the rapid advancement of
digital technologies that can significantly improve their operations, in terms of both
operating costs and performance (Tijan et al 2021). There are several examples to illustrate
this such as the use of blockchain technology for cargo tracking and transparency, artificial
intelligence to optimise shipping operations and route-planning, application of sensing
technologies to provide real-time monitoring of ship performance and also of cargo
condition, automated ports that can enhance operations, and autonomous ships that can

reduce costs and improve performance (Marine Link 2025, Raza et al 2023).

2.4.4 Summary of Railway and Adjacent Industries

The UK railway innovation landscape is heavily influenced by the Government due to its
significant influence on the commercial demand side, as it exerts management control over
passenger railway operations at a structural level. This is considerably greater than in the

three adjacent industries.

Using the example of climate change and the push for transport decarbonisation, the role of
policy and regulation, and therefore the role of institutions and actors, is a key influence in

incentivising and motivating innovation activity on the supply side in all four industries.

Building on the literature review, the theoretical models of innovation investigated all
provide relevant learning to support analysis of the UK railway innovation landscape and the
investigation of how to describe it and to build a model of how it is, and a conceptual

framework of how it could be.
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2.5 Chapter Summary

In this chapter, a review of the relevant literature and comparative analysis has established

that a model of innovation to enable a better understanding of the UK railway can build

from three key learnings:

(1)

(2)

(3)

The importance of considering innovation supply and demand perspectives within a
broader view of the innovation system of actors and institutions who have a role or
influence in the innovation landscape — building on Rothwell’s five generations of
innovation process models, Chesbrough’s theory of open innovation, and the
theories of innovation systems.
Innovation as a cyclical rather than linear process with three layers — the landscape,
the socio-technical regime, and the niches, which group together the actors and
influences in the innovation landscape — and three phases of the innovation cycle,
seen within the context of a socio-technical regime — the present landscape or state
of the art, the development of both the technology (supply side) and the context
(demand side), and the outcome delivery as a result of the technological transition.
The multi-level perspective is a valuable framework in drawing out and
understanding layers, or areas of activity and influence, when it comes to identifying
the broad areas of influence within the innovation landscape.
Combining much of this learning, the research summarises the learning of this
chapter into three fundamental and concurrent parts and roles to the innovation
process cycle, described as:
a. Technical —a supply side perspective, considering what can be done and by
whom.
b. Contextual —a demand side perspective, considering problems that need
addressing, and what can be accepted.
c. Institutional — a blended perspective, considering the interactions between
all relevant actors and with a broader perspective of the overarching
landscape. The Neo-Schumpeterian/Innovation Systems and Social

Constructivist models of innovation theory are influential in this research. No
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understanding of the UK railway innovation landscape can ignore the roles of
actors and institutions — beyond the innovation suppliers and buyers —in

heavily influencing this landscape.

These key learnings are summarised in figure 2.6, providing an initial consideration to
inform the understanding of the research investigation into describing the UK railway

innovation landscape.

BLENDED (Institutional)
Both Sides are in a dynamic and constant interplay within a wider Innovation System
LANDSCAPE: Actors and Institutions with interests to support both Sides

Landscape

SUPPLY SIDE DEMAND SIDE

(Technical) (Contextual)

Opportunity and feasibility of Need / requirement for new
solutions to solve real

innovation from technical and
commercial perspective D eve lo p men t challenges, problems
NICHE - looking to create a REGIME - using existing state

technological transition / shift of the art, open to novelty is
the socio-technical regime balance of risk and reward

Outcomes

Figure 2.6: Summary of key theoretical learnings from literature review

Additionally, the review has demonstrated a clear gap in the literature addressing

theoretical understandings of innovation and their practical applications to the railway.

In the next chapter, the research moves to framing the thesis, identifying the primary data

that needs to be collected and reviewing the appropriate methodology to collect it.
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3.1 Introduction

In this chapter, the problem that this research seeks to address is framed, alongside how the
application of the systems approach, and the design of the Research Questions, can enable
the research to answer this problem. The methodological design for undertaking the
research project is set out and the methodology for how the data will be analysed to answer

the Research Questions is also established.

3.2 Framing the problem/thesis

The railway is a complex system (see chapter 1.2.3 above) and a critical part of the national
transport network infrastructure; with multiple actors; with a significant role for
governments, regulators, and public bodies; with huge capital investment requirements and
long timescales; and with high health and safety requirements due to the safety-critical

nature of operations.

These factors combined demonstrate why the railway is a highly regulated industry which
makes it less easy to apply innovation models directly onto, because it is not a purely
commercial sector. Instead, the railway provides a critical public good requiring significant
public investment to deliver the objectives sought after, but with requirements to generate
efficiency in operational costs, as well as increasing usage, reliability, and overall operating

performance.

Referring to the research questions, this research will create a model of the UK railway
innovation system that can be used to build a conceptual framework that can support and

enable more innovation to succeed on the UK railway.

= RQ1: How is innovation currently supported and enabled, or not, to be introduced
onto the UK railway?

= RQ2: What are the critical factors that act as either enablers or blockers to
innovation successfully being introduced onto the UK railway?

= RQ3: Who are the key actors involved in UK railway innovation?
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= RQ4: Can we create a model of the UK railway innovation system (recognising that
it is a complex system) to understand the factors that drive the success or failure of
innovation on the UK railway?

= RQ5: Can we develop a conceptual framework, utilising this model, that can enable

the more successful introduction of innovation onto the UK railway?

To do this, a research methodology is required to provide a logical structure and sequence.
In chapter 1.5, the research approach was established using a modified version of the V-
model for systems engineering - this is set out again in figure 3.1 with the relevant section

highlighted for this chapter of the research.

Problem: UK railway needs to reduce operating costs Verification and
AND improve performance Validation: Ongoing Operation:
Need: UK raitway needs to support reitway innovation Test the Framework Embedding the Framework and

Question: How can more innovation successfully be

e el L] against ﬂ_1e original s s - applying it !o live industry examples
Objective: Develop a Framework to inform and enable Question and to fl-lf_thf l!“"Oﬂ'ﬂ B_r‘ld Bﬂh_af‘l_ce UK
more innovation to be undertaken in supporting UK Objective for the railway innovation activities
railway to reduce operating cost/improve performance research

Observation and Analysis:
Analysis of the UK railway context, use Testing and Validation:
gfigase studlies, and comparmtiva Use of case studies to test the Model

analysis of adjacent industries and the Framework to validate them
Analysis of relevant factors impacting

on UK railway and innovation

Implementation:
Develop a model of the UK railway
innovation context
Develop the Framework to support
and enable more innovation to be
successfully introduced onto the UK
railway

Figure 3.1: Systems approach to this research (with relevant section for Chapter 3 highlighted)

In this Chapter, the methodology is established for collecting the relevant data required to
undertake the analysis. This is a key step in moving from the establishment of the problem

through to the analysis phase of the investigation.
The investigation will build on the previous chapters to establish these factors:

Need: How do you enable the introduction of innovation onto the UK railway? Where does

the demand for innovation come from and how can it be enabled and incentivised?

Problem: We understand the clear requirement for rail to make use of innovation to reduce

costs and improve performance, but there is a lack of innovation and a lack of impact from
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innovation. Therefore, the government and industry repeatedly call for more innovation to

support the UK railway to deliver better services, more cost-effectively.

Question: How do we enable and support more successful innovations to be introduced
onto the UK railway? What are the barriers to introducing innovation onto the UK railway

and how can we mitigate them?

Objective: To develop a Framework that can enable the successful introduction of

innovation onto the railway more quickly and effectively.

Taken together the need and the problem provide the thesis, which is the focus for the

research (the question) and the objective (the desired outcome of the research).

The models of innovation, from the literature discussed in Chapter 2, along with the
contextual research on the UK railway and the comparative research of other industries and
other railway systems, give a clear insight into the how and why for innovation, but they do
not give a clear answer in the context of the UK railway innovation landscape. This frames

the question and objective for this research investigation.

The main part of the research investigation is the collection of the required data to support
the observation and analysis in the following chapter. The remainder of this chapter sets
out the methodology for collecting the relevant data, followed by how the analysis of this
data will be undertaken and the approach used to build the model and develop the

framework.

3.3 Research Design

The research will use several methods for collecting the required data. Building on the
models of innovation discussed in chapter 2, the research will look to establish sufficient
gualitative and quantitative data, alongside the comparative analysis of the UK railway and
other industries and countries, to support a rigorous analysis. The methodology to inform
that analysis commences with a detailed PESTLE (Political, Economic, Social, Technological,

Legal, and Environmental external factors) analysis to observe and analyse the UK railway
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market and the landscape for innovation. In particular, and based on learning from the

previous chapter, this analysis focuses on:

= the supply of, and demand for, innovation onto the UK railway.

= the phases of Landscape, Development, and Outcomes as key components in the
innovation cycle.

= the critical concurrent roles and considerations of technical, commercial, and actors,

in the innovation cycle.

The PESTLE analysis will demonstrate the Need (How do you enable the introduction of
innovation onto the UK railway? Where does the demand for innovation come from and
how can it be enabled and incentivised?) and the Problem (We understand the clear
requirement for rail to make use of innovation to reduce costs and improve performance, but
there is a lack of innovation and a lack of impact from innovation. Therefore, the
government and industry repeatedly call for more innovation to support the UK railway to
deliver better services, more cost-effectively) and will provide the evidence of their shape,

influence, and impact.

Building on that PESTLE analysis, the investigation will bring in significant additional
quantitative and qualitative data by respectively undertaking (1) an online survey (to
establish a significant relevant quantitative dataset), and (2) interviews with key actors (to

provide targeted qualitative evidence, building on the quantitative dataset).

Finally, an analysis of railway innovation case studies will be undertaken — looking at both

UK examples, and examples from comparable overseas railway systems.

This methodology allows for a broad base of evidence to be collected and analysed to

support the investigation.

This research makes use of multiple, mixed methods as tools for constructing a detailed
understanding of the reality of the landscape being research —the UK railway innovation
landscape. Methods have been rightly described as tools for researchers to utilise (Hesse-
Biber 2010). This research will make use of several tools to provide a combination of
sources of knowledge — both deep and broad, subjective and objective — to construct an

understanding of the UK railway innovation landscape to then inform the objective of the
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research (a Framework that can enable the successful introduction of innovation onto the

railway more quickly and effectively).

3.3.1 PESTLE Analysis

A PESTLE analysis is a means of identifying and assessing relevant external factors that can
influence the decision-making of any organisation. The acronym lists a set of six external
influencing factors — Political, Economic, Sociological, Technological, Legal, and

Environmental — these factors are explained in table 3.1 with reference to this research

specifically.

Political External factors driven by the government, public policy, political
factors, and political actors

Economic External factors driven by the economy

Sociological External factors driven by societal issues and influences

Technological External factors driven by technological influence and developments

Legal External factors driven by the law and the legal system

Environmental External factors driven by the environment, environmental issues and
concerns

Table 3.1 External factors identified and analysed using a PESTLE Analysis

Using a PESTLE analysis provides a strategic framework to analyse and comprehend these
six external influencing factors, allowing us to assess and understand the relative impacts of
these factors on the study subject (Christodoulou, Cullinane 2019). This research will utilise
a PESTLE analysis to identify and understand the external factors that influence innovation

activity on the UK railway, and whether and how they act as enablers or barriers.

3.3.2 Quantitative Research Methods

Quantitative research methods measure a studied phenomenon by gathering and analysing

data to better understand the phenomenon (Watson 2015).
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Quantitative research methods are a valuable tool and a fundamental part of modern
science (Holton, Burnett (ch.3), in Swanson, Holton (eds), 2005). Using quantitative
methods aims to provide objectivity, and to provide a generalised set of findings that are
free from any preconceived ideas or bias on the part of the researcher (Harwell (ch.10) in
Conrad, Serlin (eds) 2011). Quantitative methods of research can provide the generalisation
of findings but potentially with a lower degree of certainty (depending on the complexity of
the research procedures put in place), meaning that conclusions can be more easily drawn
from the findings (Holton & Burnett, in Swanson, Holton (eds), 2005). Quantitative research
can use findings to draw a more generalised set of inferences about characteristics in a

wider context (Harwell, in Conrad, Serlin (eds) 2011).

A survey can provide a wealth of valuable quantitative data that can be used to describe a
context in a generalised manner. However, it is in the nature of quantitative data collection
to provide parameters around the potential responses through the design of the questions
used to collect the quantitative data (Creswell, Creswell (ch.18), in Swanson, Holton (eds),
2005). Quantitative data is collected at scale to provide a description of a landscape or

events through controlled observation.

For this research, quantitative data will be important to provide an objective view of the UK
railway innovation landscape. The quantitative data was collected using an online survey
designed using non-experimental methods with the objective of obtaining a detailed and
objective description of a real-world phenomena - the landscape for UK railway innovation -

as completely and accurately as possible (Tolmie, Muijs, McAteer 2011).

The online survey used a correlational design to collect responses from professionals with
experience of the railway industry, predominantly but not exclusively in the UK, to get a

broad set of perspectives and understanding of the UK railway innovation landscape.

3.3.3 Qualitative Research Methods

In contrast with quantitative research methods, qualitative research methods are focused
on obtaining subjective, rather than objective, information on a subject by understanding
the experiences and perspectives of participants (Harwell (ch.10) in Conrad, Serlin (eds)

2011). Gerring (2017) contrasts qualitative data as being noncomparable due to it being a
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unique observation or inference, in comparison to quantitative data which is defined to

make it comparable across a larger dataset.

Key to this methodological approach is the perspective that participants are being
interviewed as experts and that reality is socially constructed, therefore there is intrinsic
value in understanding the unique realities of experts to achieve a better understanding and

explanation of the reality being investigated (Hesse-Biber 2010).

Interviews are the most effective ways of obtaining detailed information and insights into an
expert’s domain (Taherdoost 2022). This research used 43 expert interviews to collective
qualitative data. The interviews were semi-structured using a core of pre-determined
guestions to provide a consistent guide and coherent flow to the interviews, but with
supplementary and clarification questions used as appropriate to probe particular topic
areas (Taherdoost 2022). The interviews were conducted in person and one-to-one to
enable a candid discussion, thereby requiring a confidentiality statement to ensure that
views were expressed completely openly and honestly; this ensured that the research
obtained an accurate assessment of each interviewee’s perceptions and reflections on the

UK railway innovation landscape.

Qualitative data collection was deemed essential to this research to be able to access the
greater in-depth knowledge of certain participants (Bachiochi and Weiner (ch.8) in
Rogelberg (ed.) 2004) to provide a richer understanding of the UK railway innovation

landscape.

In preparing interviews to obtain qualitative data, it has been important to undertake an
analysis of relevant actors and stakeholders to obtain a representative and robust sample to
support the research (Franco-Trigo et al 2020). Three core actor and stakeholder categories
were identified to establish a minimum sample covering all relevant areas from across the

UK railway innovation landscape — these are set out in table 3.2.
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Group ‘SI’ Group ‘OP’ Group ‘ST’

Supply Industry / Innovation Rail Operations / Innovation Stakeholders, Others

Supply Demand

Rail supply industry actors Railway operating industry Trade associations, the railway
including OEMs, Tier 1 including Train Operating sector trade press, international
contractors, SMEs, Companies, Freight Operating actors and organisations, and
consultancies, ROSCOs, and the Companies, Network Rail, and regulatory and advisory bodies
Department for Business and the Department for Transport

Trade (DBT) (DfT)

Table 3.2 Actor categorisation for qualitative data collection

3.3.4 Mixed Methods

Mixed methods research deploys both quantitative and qualitative research methods
together to inform the design of the research and use analysis from both types of data to
address the research question (Tashakkori & Teddlie 2003). The purpose of mixed methods
research is to address areas that neither of quantitative nor qualitative alone can fully
capture and explain the breadth of issues in certain research problems (lvankova, Creswell,
Stick 2006). More positively, using both quantitative and qualitative methods to support
research can be effective in strengthening research findings (Creswell, Creswell (ch.18), in

Swanson, Holton (eds), 2005; Bachiochi and Weiner (ch.8) in Rogelberg (ed.) 2004).

Mixed methods research allows researchers to use any number of different methods and
approaches to collect, analyse, and interpret data thereby removing constraints to research
approaches (ie quantitative or qualitative) and providing an open approach for researchers

to conduct their studies (Harwell (ch.10) in Conrad, Serlin (eds.) 2011).

This research uses mixed methods, collecting both quantitative (from an online stakeholder
survey) and qualitative data (from interviews with experts). The research utilises the
approach of data triangulation through the collection of data from multiple sources

(Bachiochi and Weiner (ch.8) in Rogelberg (ed.) 2004) to investigate the research questions.

In collecting and analysing the data, consideration has been given to issues regarding
research design (lvankova et al 2006). These include the relative weight given to the

guantitative and qualitative data gathered, and when to collect and analyse the respective
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datasets (lvankova et al 2006, Hesse-Biber 2010), and also consideration as to the author’s
own perspectives and reality from previous experience and knowledge gained in the field
(Hesse-Biber 2010). To address these issues, the data has been integrated to provide a

multilayered investigation (Hesse-Biber 2010) and a critical approach has been developed.

3.3.5 Critical theory and research methodology

Analysing and interpreting both the qualitative and quantitative data using mixed methods

will still require a theoretical standpoint to build from.

This research draws on experience from the critical legal studies movement and the
development of critical theory. The critical legal studies movement rejected formalism (that
there is a method of justifying all facts about life and society to enable a complete, coherent
set of rules that can be deduced) and objectivism (that there is a natural legal and moral
order to all life that exists separately and abstractly) (Unger 1983). Instead, critical legal
studies highlighted the ‘radical indeterminacy’ of law (Unger 2015) - that there was no
formal self-justifying system of laws with an objective truth underpinning them, instead
laws were open to interpretation and therefore to the perspectives and preferences of the

interpreter.

Critical legal studies built on critical theory, a philosophical and multidisciplinary approach
to social sciences and humanities that seeks to challenge society by analysing and better

understanding it to change it for the better (Morrow 1994; How 2003).

In using critical theory to inform the research design and methodology, the research seeks
to establish a body of empirical evidence (using mixed methods of data collection and then
integrating them to undertake an analysis); from here the research moves into normative
theory to develop a conceptual framework to understand the UK railway innovation
landscape and how it ought to be in order to address the core objective set by the research -
to develop a Framework that can enable the successful introduction of innovation onto the

railway more quickly and effectively.
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The normative theory is important as the landscape for UK railway innovation is constructed
and shaped by the actors involved. This builds on the social construction theory discussed
above. The empirical evidence is important to inform the research, but it requires a critical

approach to its analysis to fully inform an effective framework for railway innovation.

This aligns with the constructivist perspective of systems engineering, referred to in chapter
1.5, as the selected systems approach being used for this research. The constructivist
approach — as per the critical approach — considers that a system is not ‘presented’ to the
observer as an objective truth but is instead ‘recognised’ subjectively by the observer as

being a system (INCOSE 2025).

As a consequence, this research deploys mixed methods and can be described as using a
concurrent transformative design and is illustrated in figure 3.2 (based on Creswell et al
2003). The concurrent transformative design approach can be characterised as the
approach where the collection and analysis of both quantitative and qualitative data is
undertaken concurrently (Almeida 2016). The transformative approach to mixed methods
research focuses on taking a critical approach where there is an advocacy role for the

outputs of the research to, ultimately, create a better world (Sweetman et al 2010).

QUANTITATIVE QUALITATIVE

CRITICAL APPROACH
(Vision, Advocacy, ldeology, Framework)

Figure 3.2: Mixed methods research using concurrent transformative design approach

3.3.6 Analysis of railway innovation case studies
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To further inform the empirical evidence base and support the data analysis, the research
uses several railway innovation case studies to investigate and analyse the evidence and to

inform the development of the conceptual framework.

The case studies all focus on the field of sustainable railway traction power systems
specifically to have a clear and comparable topic within railway innovation as the subject

matter.

The topic of alternative railway traction power systems is of significant interest globally, and
the focus of a significant amount of railway innovation activities. Given the railway is a
relatively sustainable form of transport, and in an era where climate change is a dominant
subject, this field provides ample opportunity to collect relevant and recent evidence to

inform the research.

Several case studies from the UK railway innovation landscape will be used, with a small

number of international examples in addition to provide comparative data and analysis.

3.3.7 Model of UK railway innovation landscape and Conceptual Framework

The research methodology outlined above will be synthesised to provide an integrated body
of empirical evidence setting out how UK railway innovation landscape appears to be. This
will use the quantitative and qualitative data collected and analysed to provide a model of
how the UK railway innovation landscape currently operates. This model will use the
empirical data collected and analysis from it to construct an observed, descriptive
assessment of what the UK railway innovation landscape appears to be at the present time.
The model will be tested to inform the research as to where the enablers and barriers
presently exist, and who the key actors and stakeholders are in the UK railway and their

importance and influence on the success or failure of innovation.

The model will provide the basis for the construction of a conceptual framework of the UK
railway innovation landscape which can be tested to identify how it ought to be to
successfully deliver more innovation. The research will use the framework to provide a

normative theoretical assessment of how the enablers of innovation can be enhanced and
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the barriers to innovation can be mitigated to address the problem the research seeks to
address (to develop a Framework that can enable the successful introduction of innovation

onto the railway more quickly and effectively).

The research will use the critical theory approach to identify and explore how the UK railway
innovation landscape can be improved upon in order to enable more innovation to succeed
and provide an answer to the research problem (we understand the clear requirement for
rail to make use of innovation to reduce costs and improve performance, but there is a lack
of innovation and a lack of impact from innovation. Therefore, the government and industry
repeatedly call for more innovation to support the UK railway to deliver better services, more

cost-effectively).

3.3.8 How the Methodology addresses the Research Questions

The methodology for this research has been informed by the Research Background in

chapter 1 and the Literature Review in chapter 2.

The five Research Questions (chapter 1.4) - that have been designed to frame the research -

are the focal point for establishing the design of the Methodology for this research.

= RQ1: How is innovation currently supported and enabled, or not, to be introduced

onto the UK railway?

The first question sets out the requirement for empirical research to understand and
describe the UK railway innovation landscape. To develop a full understanding, a mixed
methods research approach has been selected, combining quantitative and qualitative data
collection from UK railway innovation landscape actors, to obtain as full a descriptive

understanding as possible.

= RQ2: What are the critical factors that act as either enablers or blockers to

innovation successfully being introduced onto the UK railway?

From the empirical understanding of the UK railway innovation landscape, analysis of the

data collected will inform the research. This analysis integrates the primary data from the

Enabling innovation on the railway: a critical approach 92



guantitative and qualitative research and is combined with further research looking at

railway innovation case studies to develop and test the analysis.
= RQ3: Who are the key actors involved in UK railway innovation?

Building on the analysis to support Research Question 2 above, an analysis of the actors and
stakeholders involved in the UK railway innovation landscape will also be undertaken. This
will be used to both inform the identification of key actors for interviews, and to build the

model of the UK railway innovation landscape as a system (see below).

= RQ4: Can we create a model of the UK railway innovation system (recognising that
it is a complex system) to understand the factors that drive the success or failure of

innovation on the UK railway?

The analysis from the previous Research Questions is then utilised to construct an empirical
model of the UK railway innovation landscape. The model is used to test and validate the
empirical analysis, and to construct a conceptual framework that can build from this

baseline model.

= RQ5: Can we develop a conceptual framework, utilising this model, that can enable

the more successful introduction of innovation onto the UK railway?

Finally, the research will use the model of the UK railway innovation landscape to construct
a normative theoretical framework of how the UK railway innovation landscape ought to be.
This framework can then answer the central research objective of identifying how to enable

more innovation to be successfully developed and implemented onto the UK railway.

3.4 Chapter Summary

In the first three chapters, the problem has been defined along with the thesis that is the
subject of this investigation. The research objectives have been identified and the research
guestions defined. The research approach to be taken has been set out and the research

methods have been designed and explained. These are all set out in table 3.3.
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The Research Problem There is a very real need for the UK railway — how do you

(Thesis)

the railway?

and improve performance).

help more innovation to be successfully introduced onto

Demand for innovation is established — the current

context is very difficult for the UK railway (reduce costs

How do we help supply side to succeed, how do we

stimulate and support demand side to buy it?

Research objectives / scope | To develop a Framework to enable the successful

and effectively.

introduction of innovation onto the railway more quickly

Research questions = RQ1: How is innovation currently supported and

railway?

railway innovation?

enabled, or not, to be introduced onto the UK

= RQ2: What are the critical factors that act as either
enablers or blockers to innovation successfully
being introduced onto the UK railway?

= RQ3: Who are the key actors involved in UK

= RQ4: Can we create a model of the UK railway
innovation system (recognising that it is a complex
system) to understand the factors that drive the
success or failure of innovation on the UK railway?

= RQ5: Can we develop a conceptual framework,
utilising this model, that can enable the more

successful introduction of innovation onto the UK

railway?
Research approach Systems approach
Research methods Mixed methods, combining:

= PESTLE analysis
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= Quantitative data

= Qualitative data

= Case studies

= Comparative analysis

= Critical approach and analysis

Table 3.3 Summary of research problem, questions, approach and methods

The logical structure of this research investigation is summarised in figure 3.3.

Research Methodology

Research Problem

Conceptual

Framework
Research Approach Testing & Validation ‘ wor

Model

Research Questions
Research -
Methodology Critical Approach
Data Collection

Data Analysis

Figure 3.3: Summary of the research methodology

The remaining chapters are structured to follow this methodological approach:

Chapters 4-8 — Observation and Analysis

In the next chapters, the data collection and analysis is explained applying the methodology
set out above in this chapter. Using the analysis undertaken, a model of the UK railway

innovation landscape will be established to describe the present situation.

Chapter 9 — Introducing the Framework
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The outputs from these chapters allow for the construction of the conceptual framework for
enabling the introduction of innovation onto the UK railway. This framework will present a
system of how the UK railway innovation landscape ought to be in order to better enable

innovation to be successfully implemented onto the UK railway.

Chapter 10 — Testing the Framework

The framework will be tested using the topic of alternative railway traction power systems
as a worked example case study. Reference will be made to the actual innovation case
studies assessed in chapter 7, to provide a comparative example of descriptive versus
normative assessments of these case studies (how they are vs how they ought to have

been).

Chapter 11 — Verification and Conclusions

In the final chapter, the research will verify the Framework and validate its outputs against
the original research question and objective. The research will conclude with suggestions
on how the framework could be embedded to enable practical benefits and improvements,

as well as suggest further research building on this work.
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Chapter 4: Observation and Analysis (External
and Internal Factors)

Chapter Structure
4.1 Introduction
4.2 PESTLE Analysis of Factors External to the Railway Industry

4.2.1 Political: External factors driven by the government, public policy, political

factors, and political actors
4.2.2 Economic: External factors driven by the economy
4.2.3 Social: External factors driven by societal issues and influences

4.2.4 Technological: External factors driven by technological influence and

developments
4.2.5 Legal: External factors driven by the law and the legal system

4.2.6 Environmental: External factors driven by the environment, environmental

issues and concerns

4.3 Analysis of Factors Internal to the Railway Industry

4.4 Chapter Summary
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In this chapter, the research undertakes the observation and analysis phase within the

research approach set out in the systems model, demonstrated in figure 4.1.

Problem: UK railway needs to reduce operating costs Verification and
AN mprove parformance Validation: Ongoing Operation:
Need: UK railway needs to support railway innovation Test the Framework i ewol
Question: How can more innovation successfully be st. L Emped_dlng _the_ Fram rkand
introduced onto the UK railway - against the original ~ |me= mee applying it to live industry examples
Objective: Develop a Framework to inform and enable Question and to further inform and enhance UK
more innovation to be undertaken in supporting UK Objective for the railway innovation activities

railway to reduce operating cost/improve performance research

Observation and Analysis:
Analysis of the UK railway context, use Te n jon:
of case studies, and comparative Use of case studies to test the Model
analysis of adjacent industries and the Framework to validate them

Analysis of relevant factors impacting
on UK railway and innovation

Implementation:
lop a modal of the UK railway
innovation context
Develop the Framework to support
and enable more innovation to be
successfully introduced onto the UK
railway

Figure 4.1: Systems approach to this research (with relevant section for Chapter 4 highlighted)

4.1 Introduction
The observation and data collection are split into 4 chapters:

In this chapter, a detailed PESTLE analysis has been undertaken to identify the external
factors influencing and impacting on how innovation can or could happen in the UK railway.
In addition, an analysis of the internal factors that influence and impact on the UK railway
innovation landscape has been undertaken to provide a full survey of potential impacting

factors.

Secondly, in the next chapter, an online survey has been designed and undertaken to collect
guantitative data to provide a broader sample to support the PESTLE analysis and to inform
the qualitative data from the interviews. The quantitative data has been analysed to
produce a broad understanding and assessment of the UK railway innovation landscape.

This has been used to inform the qualitative data collection and analysis.

Thirdly, in chapter 6, a series of detailed, qualitative interviews have been undertaken with

a representative range of key actors in the field who provide a balanced and broad view
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across the UK railway innovation landscape. These interviews have also informed, tested,

and enhanced the PESTLE analysis and the survey findings.

Fourthly, in chapter 7, building on those findings, the investigation has assessed a number of
recent railway innovation projects in the UK to test and validate the findings, along with
examples from other European railway systems to provide further comparative analysis and
understanding. These case studies are all focused on the field of alternative railway traction

power systems to enable a clear and relevant comparative analysis.

The observation and data collection will be used to inform the analysis of the UK railway

innovation landscape.

4.2 PESTLE Analysis

The UK railway innovation landscape is complex with many key actors, institutions, and
stakeholders across a range of areas. The PESTLE analysis is an effective method for
identifying the range of external factors that can have an impact on the research subject
(Christodoulou, Cullinane 2019). Such an analysis identifies potential external factors across
six areas: Political, Economic, Social, Technological, Legal, and Environmental. A PESTLE
analysis has been used to provide an effective methodology for identifying the range of

external factors influencing and impacting the UK railway innovation landscape.

The United Kingdom's railway industry is a critical component of its national infrastructure,
supporting economic growth, social mobility, and environmental sustainability. As the UK
transitions toward a greener and more efficient transport system, the demand for railway
innovation exists (see chapter 1). The aim of this PESTLE analysis is to provide a rich
contextualisation of the UK railway innovation landscape to inform the quantitative and
gualitative data collection and analysis, and to underpin the critical approach of this

research.

The PESTLE analysis has been undertaken using the primary and secondary sources referred
to in Chapters 1 and 2, combined with an analysis built from the practical experience of the
author. However, that experience has sought to be as objective as practicable. A number of
Government and industry documents have been used to inform this PESTLE analysis,

providing a broad and rich overview to draw out the key themes clearly.

Enabling innovation on the railway: a critical approach 99



The PESTLE analysis is informed by the literature review in chapter 2 (see above), in
particular the theoretical analysis of models of innovation, including theories of open
innovation, mission innovation, neo-Schumpeterian theories of innovation systems, and

constructivist theory of innovation.

Figure 2.6 is reproduced again below for reference; in it the theoretical learnings are set

out:

= The importance of considering the innovation supply side and the innovation
demand side and their respective roles in driving the innovation process. In
Rothwell’s five generations of innovation process, and Chesbrough’s model of open
innovation, the respective roles and their influence is important to consider along
with the purpose of innovation. In addition, mission-driven innovation provides an
understanding of using policy instruments to deliver strategic objectives, especially
the difficult, macro-problems such as climate change that need a large, coordinated
response to address them.

= The environment for innovation, which includes the landscape for innovation (the
broad context), the socio-technical regime (the UK railway industry), and the niches
(the small spaces for radical innovations), and the roles of, and interactions between,
these three layers. The multi-level perspective theory provides a valuable contextual
underpinning of how these layers interact and can influence the UK railway
innovation landscape.

= The importance of considering the roles and influence of actors and institutions
beyond the direct innovation supply and demand areas (the transactional parties
who will be selling or buying innovations). The neo-Schumpeterian theory of
innovation systems, and the social constructivist theory of innovation both provide
theoretical insights into the roles of actors and institutions. They can incentivise and
motivate innovation processes as well as the acceptance and diffusion of

technological advances.
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BLENDED (Institutional)
Both Sides are in a dynamic and constant interplay within a wider Innovation System
LANDSCAPE: Actors and Institutions with interests to support both Sides

Landscape

SUPPLY SIDE DEMAND SIDE

(Technical) (Contextual)
Opportunity and feasibility of Need / requirement for new
innovation from technical and solutions to solve real
commercial perspective D eve l 0 p m e n t challenges, problems
NICHE - looking to create a REGIME - using existing state
technological transition / shift of the art, open to novelty is
the socio-technical regime balance of risk and reward

Outcomes

Figure 2.6: Summary of key theoretical learnings from literature review

The PESTLE analysis works through the set of six external factors with an assessment of how

these factors impact the UK railway innovation landscape.

4.2.1 Political: External factors driven by the government, public policy, political factors,

and political actors

The UK government plays a critical role in enabling and incentivising innovation in the
railway sector through funding, regulations, policy, and (ultimately) procurement. Political
factors play a major role in influencing the railway industry and fundamentally shape the UK

railway innovation landscape on both the supply side and the demand side.
(1) Railway as a Public Good

The railway network is critical national transport infrastructure asset of significant scale and
importance. It plays a major enabling role in supporting a number of public policy

objectives across economic, social, and environmental themes.

As publicly owned infrastructure, there is a political imperative to ensure that the railway
infrastructure is well looked after and well-used to derive maximum benefit and value to the

country. To this end, there is significant political influence and interest in seeing innovation
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being used to maintain the railway as a public good, making it attractive to customers and
providing a wide variety of economic, social, and environmental benefits. This is a clear
demand side driver for innovation and a firm role for political actors in enabling railway

innovation.
(2) Public Investment Requirements for Railway

Railways require significant capital investment — both for regular operations and
maintenance, and for investment projects in upgrades and new infrastructure. Political
objectives decide how available public funds are prioritised for the railway against other

public spending requirements.

In the five years from 2019 to 2024, the UK Government allocated £67.4bn to Network Rail
to spend in Control Period 6 on operations and maintenance, as wells as renewals and
enhancements (ORR 2024). Of that £67.4bn pot of money allocated by the UK Government
to Network Rail, £245m of that was allocated to research, development, and innovation

spending (RIA 2024).

However, Network Rail, as the UK railway infrastructure manager, are not just a direct
investor in research, development, and innovation. Their market spending power can
significantly influence and shape the UK railway innovation landscape, or act as a major

barrier, depending on their requirements and investment priorities.

Major projects such as High Speed 2 and Crossrail generate significant demand for
innovation, with committed long-term funding available to procure innovative products and
services. Additionally, ongoing major upgrades such as railway infrastructure electrification

can generate a pipeline of demand for innovation.
(3) Political Interests and Priorities

As mentioned above, political interests and priorities will shape where and how public funds
are allocated, to support public policy objectives. These decisions will be steered by several
considerations including the point in the electoral cycle and public opinion; ultimately,

railway is one of many policy areas competing for finite public funding.

Political issues such as the renationalisation of the railway, the appetite for private sector

investment, opinion on relative value for money, and alignment with strategic objectives
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such as Net Zero targets, are all factors influencing what funding is available and how it is
spent. Again, the important role of political actors in being enablers or barriers to railway

innovation is demonstrated in this light.
(4) Regulatory Requirements

The railway is a safety-critical industry and one that can have a significant environmental
impact. Stringent safety and environmental regulations can require innovation to ensure
effective compliance. The Office of Rail and Road (ORR) is the regulatory body for the UK
railway and enforces safety standards, ensuring that rail companies to adopt advanced

safety technologies and operational procedures.

Regulatory requirements can be drivers for innovation to ensure positive, effective
compliance. Such requirements can also act as barriers, for example by establishing a high

bar for introducing new technologies onto the railway.
(5) Brexit Impacts

The UK’s withdrawal from the European Union has had an impact on many areas, including
the railway sector. There have been changes in trading relationships, regulations, the
availability of skilled researchers and workers, and, significantly, the availability of research
and innovation funding. Prior to Brexit, the UK railway had been effective in building
successful collaborations with European partners to secure significant investment in rail
R&D and innovation projects, led by Network Rail and several universities including the
Universities of Birmingham, Huddersfield and Southampton. The reduction in available
public research and innovation funding has been felt by UK railway researchers (noted by

several key actor interviewees in Groups ‘SI’ and ‘ST’ — see later).

Brexit has introduced challenges to the UK railway innovation landscape, such as trade
barriers and supply chain disruptions, as well as impacting the transfer of innovative
products and services. While not insurmountable, there are certainly additional impacting

factors from Brexit that have not helped the UK railway when it comes to innovation.

In summary, the influence of external political factors are significant due to the railway’s
role as a public good, and its reliance on large quantities of public investment as well as the

support and goodwill of the Government. This creates a strong political focus on the
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performance of the railway and a direct correlation between the level of that performance

and the level of political support and goodwill.

4.2.2 Economic: External factors driven by the economy

Economic factors and conditions significantly impact the capacity for innovation within the

railway sector.
(1) Public Sector Investment

As discussed above, the railway is reliance on major public sector investment to operate and
maintain current services and capacity, as well as the availability of further capital
investment to renew and upgrade the network to enhance services for customers. The
need for this scale of infrastructure investment puts pressure on public finances, and in the

current climate, that is a very real pressure.

While government funding remains committed to the railway (for example, major rail
projects such as High Speed 2 and the TransPennine Route Upgrade are committed and
delivery continues), the impacts of economic downturns and inflation can strain public

budgets, limiting the level of funding available for large-scale innovation projects.
(2) Impact of inflation and period of economic stagnation/austerity

The impact of inflation, caused by higher energy prices, can have a very real impact the UK
railway innovation landscape. In 2021, the electricity price rises caused a number of Freight
Operating Companies to put their electric traction into storage and revert to diesel, this
included Freightliner who withdrew their entire fleet of 23 mainline electric locomotives
due to the electricity cost increase making operation of the locomotives uneconomic (RAIL

Magazine, 2021).

Fluctuations in economic conditions create investment uncertainty, which can create
sufficient risk or concern to delay the adoption of innovative solutions. However, economic
upturns can incentivise recovery plans that include investment in infrastructure, offering

opportunities for the adoption of innovations.

(3) High Operating Costs
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Railways are expensive assets to operate and maintain. These significant operating costs
create tangible incentives for greater efficiency in operations and therefore a real demand

for innovation.

The increase in energy prices (discussed above) have increased operational costs for freight
and passenger rail operators, which in turn drives demand for energy-efficient solutions,
such as route and driving optimisation, along with demand for electric traction solutions to

reduce dependency on fossil fuels.
(4) High costs (and financing) of R&D/Innovation

Both the development of new solutions, and their implementation and deployment onto
the railway, are expensive activities. These high costs pose challenges, especially for smaller
suppliers in the railway supply chain. The level of risk involved in innovation, who takes the
burden of risk (compared with who receives the benefits), and incentives to encourage the

acceptance of such risk, are key factors in the level of supply of innovation.

Innovative financing models, such as green bonds and investment funds, are becoming

more common to enable product development and innovation activities.

From the literature review, Rothwell’s five generations of innovation process are
informative here. The first generation was supply-driven, and the second was demand-
driven; however, the third generation came in the 1970s at the time of economic depression
and the oil crises. At this point, business organisations focused on a balanced approach to
investing in innovation, considering the level of risk against the opportunity for reward. In
addition, the theory of innovation systems also highlights the importance of the interested
network of actors and institutions who have a stake in seeing innovation happen, but where

the costs and benefits may not be aligned.

The importance of external economic factors on the railway are clear — public investment
directly supports railway operations and improvements. Economic and political factors are
very much aligned, and therefore there is a clear connection between political demands for

improvements and performance then being linked to future ongoing investment.

4.2.3 Social: External factors driven by societal issues and influences
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Social trends and public expectations directly influence the direction of, and demand for,

innovation in the railway industry.
(1) Alternative to road transport

Increased awareness and demand for sustainable transport options, can drive demand for
innovation. Public demand for greener, more sustainable transport services has increased

pressure on the railway industry to reduce its carbon footprint.

Sustainable transport options are increasingly important for the travelling public and for
local authorities and politicians. Increased recognition of the negative impacts caused by
increased road traffic (congestion, public health impacts, air quality etc) create demand for

rail services, and opportunities for innovation that can encourage that modal shift.

The literature review investigated mission-oriented innovation and the use of policy
instruments to drive innovation and change. Climate change and sustainable transport are a
clear example of how public policy can be used as an instrument to promote changes in

behaviour, changes in technology, and the interplay between them both.
(2) Passenger expectations

The development of new and improved services and offerings from all modes of transport
has created increased customer expectations for better services, improved passenger
information, real time updates, smart ticketing, and digital services, creating demand for
innovation from the end-users. Customers on any mode of transport expect seamless travel
experiences that make use of modern digital technologies and enhanced onboard
connectivity during their journeys. Those expectations provide the case for investing and

enabling innovation to support those demands.

There is a clear demand side expectation from end users to see the railway adopt innovative

new technologies that can improve their experience on trains.
(3) Connectivity, accessibility, and social equity

There is increasing emphasis on making rail services more inclusive and accessible, and to
provide the connectivity that everyone needs to go about their lives. Innovations in station
planning and design, ticketing, as well as the onboard services available, are vital to

equitably providing for the needs of all passenger demographics. These have driven
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demand for railway innovation to provide solutions that address particular accessibility

needs.
(4) Increasing population and urbanisation

These megatrends have created the need to increase capacity and reliability to meet

increasing demand on our transport networks, including the railway.

The UK's growing urban population intensifies demand for efficient and high-capacity rail
services. Innovative solutions are required to address urban congestion and improve

commuter experience on urban transport networks.

External social factors are hugely influential on the performance and demands on the
railway. Considering the demand side of the railway industry in particular, the importance
of providing attractive and competitive services is crucial in generating revenues and
delivering both the economic return on investment and political return through ensuring
that the railway is delivering on its role as a public good and critical national infrastructure

network.

4.2.4 Technological: External factors driven by technological influence and developments

Technological advancements provide a vast array of opportunities for innovations that can

deliver real benefits to the UK railway.
(1) Digitalisation

Recent developments in digital technologies have created new capabilities that can be
positively applied to the railway. The advent of such technologies including artificial
intelligence (Al), the internet of things (IOT), big data analytics, and cloud computing, can all
play roles in improving railway operations and maintenance, most notably by driving down

operating costs and driving up performance and reliability).

Just one example is the introduction of predictive maintenance, enabled by real-time data
collection and analysis, which uses remote condition monitoring of assets to identify actual
wear and running condition of systems, sub-systems, parts, and components, and can

identify when inspection, maintenance, or replacement is actually needed, which optimises
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the asset’s lifecycle and pre-empts issues from occurring during operation thereby reducing

downtime and improving safety and reliability.
(2) Decarbonisation

Innovation delivering more sustainable traction systems for railway rolling stock can further
enhance the railway’s green credentials. With technology rapidly developing, innovation
can enable the phasing out of fossil fuels (with the development and application of
hydrogen and battery technologies for example), as well as utilise digital technologies that
can simulate train performance to optimise energy consumption and efficiency. A number

of these railway innovation projects are discussed later in the research.
(3) Smart Infrastructure

Sensing technologies can identify issues before they cause disruption enabling proactive
action to be taken. Deployment of smart sensors and digital signalling systems can improve
both the monitoring and utilisation of railway capacity, reducing disruption and improving

service reliability.
(4) Automation and robotics

The use of automation and robotic technologies can deliver improvements in both safety
and reliability in the maintenance of infrastructure and trains, as well as more efficient

driving that can increase track capacity and efficiency use of railway assets.

Taken together, technological development can provide huge improvements to the
planning, operation and maintenance of the railway system. The need for innovation is
clear to generate and prove the potential applications of these technologies, but
technological developments can also create complexity in terms of the new legal

requirements that are brought about.

Taking all these potential technological advances for the railway together, there is a clear

need to consider several models of innovation.

Firstly, Chesbrough’s model of open innovation is important considering the ongoing
development, testing, trialling, and deployment of a number of these technologies, such as
digital signalling and traffic management. These technologies are systems with OEMs who

are supplied sub-systems and components by their respective supply chains, generating
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significant requirements for development, system integration, testing, and validation. Given
the demand side expectations to procure and implement these systems (Kessel 2023), and
the time and resource requirements that are required, the need to collaborate closely with
suppliers in order to develop and deploy major new technologies is critical. This point is also
reflected in the fourth and fifth generations of Rothwell’s innovation process which
emphasise the importance of integration with suppliers and networked innovation

respectively.

Secondly, the neo-Schumpeterian theory of innovation systems is helpful in highlighting the
importance of actors and institutions. Kessel (2023) makes clear that the Office of Rail and
Road, as the regulatory body, has given a clear signal to the industry that digital signalling
must be implemented on the UK railway. This can be seen as one actor creating the
demand for the innovation system to collaborate to develop the new technology and

support its diffusion onto the UK railway system.

Thirdly, this can also be seen through the lens of the multi-level perspective framework.
From the landscape perspective, the need for a more reliable railway that can extract

additional passenger and freight capacity using digital signalling technology is viewed as
required, and the regulatory body puts pressure on the socio-technological regime (the

railway industry) to make the preparations to enable this technological transition to happen.

Finally, the significant concurrent roles of innovation supply, demand for innovation, and
the roles of a wider set of actors and institutions, can all be seen in action as factors in

enabling or blocking railway innovation

4.2.5 Legal: External factors driven by the law and the legal system

Legal considerations can and will play a significant role in shaping innovation strategies in
the railway industry, particularly with the advent and introduction into application of new

technologies.
(1) Safety-critical rail operations

As a safety-critical industry, the railway is strictly regulated and managed, with a

comprehensive set of standards used to ensure that any product, system, part, or
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component, with any kind of interaction with the operating railway needs to be approved
before it is put into use. The approvals and standards regimes create real barriers to entry

for new products and services.

Correspondingly, health and safety controls can incentivise innovation to support the

objectives of the regulatory regime
(2) Legal obligations, requirements, and protections

As discussed above, the development of new technologies, products, and services generate
huge opportunities, but they also create novel challenges and questions that need to be

considered and understood in application.
Four such examples include:

a. General Data Protection Regulations (GDPR) - The rise of digital technologies
necessitates strict adherence to data protection laws. Innovations in
passenger data management must comply with the GDPR.

b. Intellectual Property (IP) — Ensuring an effective regime that can protect IP is
critical for enabling and incentivising innovation. Clear legal frameworks for
IP generate the confidence to encourage investment in R&D by safeguarding
proprietary knowledge and technologies.

c. Competition - UK competition laws influence collaboration and competition
among rail companies, affecting how innovative technologies are developed
and adopted. They also interact with procurement rules to ensure that
products and services are purchased from the market in a fair and
transparent manner.

d. Procurement — Procurement rules can provide a real barrier to innovation by
stifling the ability for innovation demand to access the purchase of

innovations.

External legal factors can play a significant role in influencing UK railway innovation. On one
hand, they can be a key enabler by providing the structure for investment, procurement,
and new technology deployments. However, their ability to act as a barrier, particularly
when it comes to the assessment and enablement of novel technologies and applications

being introduced onto the railway is apparent.
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4.2.6 Environmental: External factors driven by the environment, environmental issues

and concerns

Environmental sustainability is a both a huge opportunity and an urgent requirement for

innovation in the railway industry.
(1) Climate change

Climate change is a significant mega-trend driving all kinds of incentives to innovate, with
railway traction systems being just one example. The UK’s long-term Net Zero legal
requirements ensure that rail will have a key role to play as a sustainable form of transport

for large numbers of people and goods.

The legal requirement to deliver net-zero emissions by 2050 also compels the railway to
innovate to implement low-carbon solutions — not just by developing these technologies,

but also how to implement them as efficiently and effectively as possible.
(2) Environmental impact of the operating railway

The UK railway can effectively utilise innovation to meet, and improve on, legal
requirements to minimise noise and air pollution and deploy quieter, cleaner technologies

and infrastructure designs and operation.
(3) Climate change adaptation and resilience

Extreme weather events have significantly impacted the railway, creating a need for
innovation to provide mitigation and protection against them. These events, such as
flooding and heatwaves, necessitate the design and implementation of resilient
infrastructure, or else undertaking adaptation of existing infrastructure using innovative

design to ensure it can stand up to such events as they become more commonplace.

Innovative construction materials, built-in resilience, and climate-adaptive designs are all

critical for future-proofing the railway to maintain reliable operations.
(4) Sustainability in construction and materials

Innovations in sustainable materials (for example, developing and using alternatives to

mitigate or replace the use of concrete) and energy-efficient construction methods (for
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example, zero emission vehicles) can reduce the lifetime environmental impact of railway

infrastructure.

Additionally, increased use of recycling and circular economy practices are increasingly

being adopted in railway projects and operations.

The importance of external environmental factors and the potential influence on UK railway
innovation will be discussed throughout the research. The impact of climate change, and
the potential role for the railway as a sustainable mode of transport, creates a clear

opportunity for railway innovation to gain support and momentum to be delivered.

4.3 Analysis of Factors Internal to the Railway Industry

The PESTLE analysis highlights a range of external factors impacting the UK railway
innovation landscape but does not directly draw out the internal factors that influence and

impact innovation.

The UK Railway Safety and Standards Board have identified four such factors (RSSB 2017),
which are: the fragmentation of the railway industry, a project culture focused on outputs,

risk aversion, and the complexity and resource required to get product approvals.

Fragmentation of the industry

In the PESTLE analysis, the external political factors included political interests and priorities
is aligned with the internal factor identified by RSSB of the fragmentation of the industry.
The structure of the rail industry is impacted by political decision-making — as identified
earlier in the research, industry reform is frequently announced, and taking advantage of

innovation is usually cited as an opportunity that can be realised from this.

Industry fragmentation can be considered as the competing roles and interests of multiple
actors and organisations across the railway, where those multiple roles can generate either
conflicts or vacuums that produce a sub-optimal outcome. It can also generate a
misalignment between where responsibilities and costs lie on one hand, versus where

opportunities and benefits may be generated and delivered.
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Project culture focused on outputs

The UK railway is output focused as it is measured by tangible deliverables —its projects,
such as infrastructure maintenance and upgrades, or the delivery of a new fleet of trains
into services, or the building of the High Speed 2 railway system. Project success is judged
by being on time and on budget and by meeting the agreed specification, the outputs are

set and agreed at the start of the project and are what the project is judged on thereafter.

This focus on outputs leads to delivering the precise specification and therefore removes
any opportunities or incentives to use innovation to deliver a better outcome, as this

generates unnecessary risk to the delivery of the project.

Risk aversion

Building on the previous point, the level of risk appetite can be a substantial barrier to
innovation. The railway is an expensive industry with high capital costs and long lead times
for planning and investment. Innovation requires a level of risk to develop new products or
services that could generate future benefits against the existing state of the art. But the
existing state of the art is known and understood, tried and tested, and therefore a lower

risk to deploy on the operational railway.

From the perspective of demand for innovation the risk of utilising an innovative product or
service is not just in the procurement and installation of the product (the resource and time
to ensure it can be integrated into the system) but also the implementation and ongoing
operation (will it be reliable in a challenging operating environment, given the significant

risks if it is not).

Complexity of / resource required to obtain product approvals

By contrast, from the perspective of innovation suppliers, the railway is a huge challenge, as
the RSSB have identified in the fourth factor. The time and resource required to obtain the
requisite product and safety approvals just to enter the railway market are significant and
create a substantial barrier to innovation. The access to, and use of, testing and validation

facilities in a realistic operating environment to obtain such approvals is resource intensive.
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Of the four factors identified by the RSSB as being significant internal factors impacting UK
railway innovation, while the first is shaped by the political context, the other three are all a
reflection of the culture and priorities of the railway industry. These four internal factors

will be revisited as part of the data integration and analysis later in the research.

4.4 Chapter Summary

Figure 4.2 sets out a summary overview of the PESTLE analysis, which identified a range of
external factors from across the six areas that play a role in influencing and impacting the

UK railway innovation landscape.

PESTLE Analysis

Political Economic Social Technological Environmental

Public Good // Public Alternative to Road Transport //
Investment Requirements // Passenger Expectations //
Political Interests, Priorities Connectivity, Accessibility //

// Regulation // Brexit Increasing Population

Safety-Critical Operations;
Legal Operations,
Requirements, Protections

Public Sector Investment // Digitalisation // Climata Change //

Inflation, Economic Conditions Decarbonisation // Smart 2 L Ll

// High Operating Costs // High Infrastructure // Automation, Sids?:if;:l:’g::lsltlf:;?;;
Cost of R&D/I Robotics *

Materials

Figure 4.2: Summary of external factors identified by the PESTLE analysis

These six external groups of factors cover a range of influences on railway innovation, and
these can vary in impact over time due to a range of circumstances, such as the political
party in Government, the economic conditions, the priorities of the electorate, and

contemporary issues influencing society (for example public safety, air pollution etc).

The four internal factors to the railway provide a valuable insight and taken together with

the external factors, provide relevant data to inform the observation and analysis.
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Chapter 5: Observation and Analysis
(Quantitative Data)

Chapter Structure

5.1 Introduction

5.2 Survey Design

5.3 Sample Population

5.4 Analysis of Quantitative Data from Online Survey

5.5 Chapter Summary
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5.1 Introduction

Data is a prerequisite to provide raw material for analysis that can be converted into the
new knowledge that is sought as the purpose of the research. The scientific method for the
pursuit of knowledge requires the collection of data from studies and experiments; that
data is then analysed in the context of the research, from which the new knowledge is then

derived (Ott, Longnecker, 2010).

As discussed in the previous chapter, the first of the two key sources of primary data for this
research was an online survey. The purpose of collecting the quantitative data was to
provide one of several necessary datasets to then conduct the research analysis
concurrently using a critical approach. The design and evaluation of survey questions is
vitally important to achieve the best quality data outputs from the survey (Fowler &

Cosenza 2012).

5.2 Survey Design

The design of the research survey considered how to achieve a set of responses that were
unbiased in both how the questions were asked and how the results could be interpreted,
to provide as accurate a set of descriptive responses as possible (Kelley-Quon 2018). Fowler
and Cosenza have identified four basic characteristics of questions and answers to enable
effective survey data collection: (1) the questions must be consistently understood by the
respondents; (2) the respondents need to be able to answer the questions with the
requisite knowledge; (3) the respondents need to be able to answer the question
effectively; and, (4) the respondents must be willing to answer the question (Fowler &

Cosenza 2012).

The survey responses were pre-coded, and the majority of questions used a Likert scale to
provide respondents with a simple methodology for recording their responses on a single
idea at a time (Nemoto & Beglar 2013). The questions were written in a short, simple style
with as little technical vocabulary as possible for ease of uniform comprehension,
recognising that respondents would have a base knowledge of the UK railway innovation

landscape.
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The Likert scale response option for questions seeking perspectives on the phenomenon of
rail innovation provided five options, as fewer than five would not produce a stable set of
responses (Weng 2004), and verbal anchor labels were added to the response options as

well to provide enhanced confidence and stability in the responses (Weng 2004).

The Likert scale response option for comparative questions used three options plus a ‘don’t
know’ option to provide sufficient stability in the responses while seeking to elicit sufficient

clarity from the outputs.

The flow of questions was set out in a logical order for respondents to work through as
easily as possible, using Microsoft Forms to provide a simple design for respondents to

engage with quickly and effectively on either their computers, tablets, or smartphones.

5.3 Sample Population

The objective for the survey was to collect quantitative data on the UK railway innovation
landscape. To do this, the technique of non-probability sampling was selected as a real-life
phenomenon was the subject matter of the survey (Taherdoost 2016). The target sample
population was identified as having sufficient knowledge of the UK railway innovation
landscape to be able to provide knowledgeable responses that would provide valuable

perspectives into the quantitative data.

The sample population were approached through the researcher’s existing network,
through direct email contact and via the researcher’s LinkedIn profile, while encouraging
contacts to encourage other appropriate respondents to take part. This method of
‘snowball sampling’ (Taherdoost 2016) generated 202 responses during the three-week

period that the online survey was open.

5.4 Analysis of Quantitative Data from Online Survey

The Survey was published online using Microsoft Forms and was open for three weeks. The
link to the Survey was shared directly via email with the researcher’s network of industry

contacts. It was also published and shared on the researcher’s LinkedIn profile.

Enabling innovation on the railway: a critical approach 117



The Survey was designed and tested to take no more than ten minutes for respondents to

complete and was structured and drafted to be easy to quickly comprehend and respond to.

The Survey comprised 17 questions, set out in table 5.1 along with the response design for

each question.

Q Question Text Response Design
1 On ascale of 1 to 5, how innovative do you think the | Likert scale 1-5
UK railway industry is?
2 How innovative do you think the UK railway industry | Likert scale 1-3 + don’t
is compared to other countries’ railway industries? know
3 How innovative do you think the UK railway industry | Likert scale 1-3 + don’t
is compared to the automotive industry know
4 How innovative do you think the UK railway industry | Likert scale 1-3 + don’t
is compared to the aerospace industry know
5 How innovative do you think the UK railway industry | Likert scale 1-3 + don’t
is compared to the maritime industry know
6 How familiar are you with the concept of 'railway Likert scale 1-5
innovation'?
7 Which areas of the railway sector do you believe are | Choose up to 3 from 8
currently undergoing the most innovation? options (including ‘other’)
8 On a scale of 1 to 5, how important do you think the | Likert scale 1-5 for each of 7
following factors are in driving innovation in the options
railway industry?
9 What do you think are the biggest barriers to Choose up to 3 from 9
innovation in the railway industry? options (including ‘other’)
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10

In your opinion, which area of railway innovation will
have the most significant impact over the next 10

years?

Free text

11

How prepared do you think the railway industry is to

adopt new innovations?

Likert scale 1-5

12

What role do you believe the railway industry should
play in addressing environmental and sustainability

challenges through innovation?

Free text

13

Have you or your organisation been directly involved
in developing and/or implementing railway

innovations?

Yes/No

14

If you answered Yes to Q13, please describe the
nature of your involvement in railway innovation

projects.

Free text

15

What do you believe is the most important factor for
accelerating innovation in the railway sector? If you
would like to share any further thoughts about

railway innovation, then please do so here.

Free text

16

What is your role in the railway industry?

7 options (including ‘other’)

17

How many years of experience do you have in the

railway industry?

5 time period options

Table 5.1 Summary of online survey design

The Survey was designed to flow through three Parts:
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Part 1 — Contextual Questions (1-6), that all used Likert scale response options to provide a
base context for responses providing a comparative overview of the UK railway innovation

landscape.

Part 2 — Technical Questions (7-15), these questions were more open to allow for
respondents to give more detail on their perspectives of the UK railway innovation

landscape.

Part 3 — Respondent Questions (16-17), these questions sought to provide a general insight
into the respondent types, asking for their broad area of activity or expertise in the railway

industry, and their length of time working in the sector.

The responses to the Survey are set out and described below, following the format of the

Survey.

5.4.1 Contextual Questions

The first six questions were designed to provide a broad overview of respondents’
perspectives of the UK railway innovation landscape. These questions sought to provide a
comparative baseline to illustrate a broad, quantitative overview of how the UK railway
innovation landscape appears to those who are involved in some way and have at least

some familiarity with it.

Question 1
On a scale of 1 to 5, how innovative do you think the UK railway industry is?
Respondents (number)
5 (Very Innovative) [Ji] 4
+ I
3 (Fairly Innovative) | 75
2 | 79

1(Not Innovative) N 25

0 10 20 30 40 50 60 70 80 90

= Respondents (number)

Figure 5.1: Responses to online survey question 1
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This first question posed a simple opening statement for the respondents to consider — how
innovative do you think the UK railway is - with a Likert scale of five response options to
provide a generic overview, and the response is striking. As shown in figure 5.1, out of 202
responses in total, only 20 respondents (just under 10%) answered with one of the two
positive options (5 or 4), while 104 respondents (52% - a simple majority) answered with
one of the two negative options (2 or 1). The remaining 78 respondents answered with the

middle option (3, fairly innovative).

Question 2

How innovative do you think the UK railway industry is compared to other
countries’ railway industries?

Respondents (number)

More Innovative _ 22
Don't Know - 9
0

20 40 60 80 100 120

m Respondents (number)
Figure 5.2: Response to online survey question 2

This second question sought to build on the premise of the first question and also provide a
comparator baseline by considering the UK railway against other countries’ railway
industries. Figure 5.2 shows that the responses are challenging to the UK railway, with 22
responses (approximately 10%) saying more innovative and 112 (approximately 55%) saying

less innovative.

From the responses to the first two questions alone, the quantitative survey data has
validated the research problem that the UK railway innovation landscape is struggling to

support and enable innovation.
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The following three questions (gs. 3-5) provided further comparator baseline data, building
on question 2 and referring to the earlier research investigation of three adjacent transport

sectors — automotive, aerospace, and maritime.

Question 3

How innovative do you think the UK railway industry is compared to the
automotive industry
Respondents (number)

More Innovative - 1
simitar [

Don't Know - 9

0 20 40 60 80 100 120 140 160 180

m Respondents (number)

Figure 5.3: Response to online survey question 3

The responses to question 3, shown in figure 5.3, were emphatically of the majority opinion
(approximately 83%) that the automotive industry is more innovative than the railway

industry in the UK.

A key difference between the industries is in how they generate profits which plays a
significant role as either an incentive or a barrier. Railway vehicles are high capital cost and
relatively low volume, with low upfront cost and proven technology being priorities in new
vehicle procurements. Those procurements are run by public bodies with strict
procurement rules and public money being invested. For a railway rolling stock
manufacturer, keeping those purchase costs down will increase the likelihood of sales and
profit. For automotive manufacturers, cars are high volume commodities with shorter asset
lifetimes. The cars are sold direct from the manufacturer to the end user, the private driver
generally, and the focus is on both the upfront cost but also the lifetime cost, value, and

reliability (Winnett et al 2017).
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These market conditions provide an incentive for automotive manufacturers to innovate to
drive profits, whereas for rail manufacturers there are strong incentives to play safe and

avoid innovation in preference for the known and tested existing technologies.

Question 4

How innovative do you think the UK railway industry is compared to the
aerospace industry

Respondents (number)

More Innovative - 6

0 20 40 60 80 100 120 140 160

m Respondents (number)

Figure 5.4: Response to online survey question 4

The responses to question 4 closely follow the previous question with approximately three-

quarters of respondents considering the aerospace industry to be more innovative than the

railway industry, shown in figure 5.4.

Question 5
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How innovative do you think the UK railway industry is compared to the
maritime industry
Respondents (number)

More Innovative

28

30 40 50 60 70 80

o
o
N
o

m Respondents (number)

Figure 5.5: Response to online survey question 5

The third industry comparison question differed from the previous two. With a quarter of
the respondents answering ‘don’t know’ about innovation in the maritime industry, and the
largest response (just over one-third) answering ‘similar’, shown in figure 5.5. However, of
the remaining 80 responses, the majority responded that the railway was less innovative

than maritime.

Overall, across these three industry comparison questions, the UK railway industry was very

firmly viewed as less innovative than these adjacent transport industries.

Question 6

How familiar are you with the concept of 'railway innovation'?

Respondents (number)

Alittle familiar _ 18

Not familiar at all . 3

o
[
o

40 60 80 100 120

m Respondents (number)
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Figure 5.6: Response to online survey question 6

The final contextual question in the Survey provided a bridge from the context to the
concept of rail innovation. Illustrated in figure 5.6, the majority of respondents (53%)
responded that they were very familiar with the concept of rail innovation, and a further
37% responded that they were fairly familiar. This provided validation that the technique
selected to obtain the sample population for the Survey - using non-probability (snowball)
sampling (as discussed above) — was the correct approach to get a statistically valid sample
population in terms of both volume of responses (sufficient number to describe the real life
phenomenon) and quality of responses (sufficient knowledge of the phenomenon to

describe it purposefully for the benefit of the research).

5.4.2 Technical Questions

Building on the contextual questions at the beginning of the Survey, this Part posed a set of
guestions that were more open to allow respondents to give more detail on their

perspectives of the UK railway innovation landscape.

Question 7

Which areas of the railway sector do you believe are currently undergoing
the mostinnovation?

@ |Infrastructure 30 [

@ Rolling Stock 69 ]

@ Signalling Systems 86 ]

@ [nergy effidency / Sustainabilty / 104 A

® Customer experience / Services 52 |

@ Digitalisation / Data 148 -]
® Safety / Security 18 [

@ Other 4 0

o

50 100 150

Figure 5.7: Response to online survey question 7

Question 7 was designed to gain insights into the subject matter of railway innovation and
identify where current efforts in the UK railway innovation landscape are focussed.

Respondents could select up to three responses from a choice of seven innovation areas
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with an eighth option of ‘other’ including free text if required. The responses are shown in

figure 5.7.

The top two areas for innovation identified by respondents were digitalisation / data (73%)

and energy efficiency / sustainability / decarbonisation (52%).

Question 8

How important do you think the following factors are in driving innovation
in the railway industry?

Government Policy / Regulation 23.3 45
Environmental concerns
Industry collaboration 28.2 30.2
0 10 20 30 40 50 60 70 80

W Fairly Important ®Very Important

Figure 5.8: Response to online survey question 8

Question 8 gave a list of seven potential factors driving railway innovation with respondents
invited to use a Likert scale of five responses to rate each of them. The top two response
options (i.e. 5 Very Important and 4 Fairly Important) have been highlighted and added
together to rank these factors in order of respondent preference. Figure 5.8 sets out those

responses.

This question provides an innovation supply-side perspective — what are the factors that can
motivate or incentivise railway innovation to happen. The top two factors (both scoring
over 70%) were funding and access to innovation support (which included testing and
validation); the third factor was Government policy and regulation with 68%. Interestingly,
the advancement of technologies as a driver by creating opportunities for innovation supply

was fourth (61%) while market demand for innovation was just below (59%).
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Question 9

What do you think are the biggest barriers to innovation in the railway
industry?

@ High costs of R&D and market entry 75 ]
® Lack of regulatory support 40 ]
@ Resistance to change 131 s
@ Lack of skilled workforce 28 [ ]
® Complexity / fragmentation of the industry 97 ]
@® Procurement processes 63 s
@ Safety / Standards 35 I
@ Political uncertainty / lack of support 85 O
@ Other 15 [
0 50 100 150

Figure 5.9: Response to online survey question 9

This question asked respondents to consider the biggest barriers to innovation and select up
to three options from the list which included 8 options plus a further option for ‘other” with

free text.

Referring back to the PESTLE analysis of external factors influencing rail innovation (see
section 4.2), and internal factors to the railway industry (see section 4.3), we can categorise

the above responses:

High costs of R&D / market entry External factor - economic

Internal factors - risk aversion;
complexity/resource required to get

product approvals

Lack of regulatory support External factors - political; legal

Internal factors - risk aversion;
complexity/resource required to get

product approvals
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Resistance to change Internal factor - industry culture

Lack of skilled workforce External factors - political; economic

Complexity / fragmentation of the industry | External factor - political

Internal factor - fragmentation of the

railway industry

Procurement processes External factors - political; legal

Internal factor - risk aversion

Safety / standards External factor - legal

Internal factor - complexity/resource

required to get product approvals

Political uncertainty / lack of support External factors - political; economic

Other — these responses included the list below; these have also been categorised:

Unnecessary/complex legacy systems and proprietary standards (External factor — legal)

Design For Reliability requirements (Internal factors — culture; complexity / resource to get

product approvals)
Bureaucracy and slow decision-making (/Internal factors — culture; risk aversion)
Standards not keeping up with technology (Internal factors — culture; risk aversion)

Difficulty testing/validating innovations (Internal factors - culture; risk aversion;

complexity / resource to get product approvals)

Coordination of multiple suppliers (External factor — legal; Internal factor — fragmentation

of the railway industry)

Sector is heavily skewed towards OEMs, Tier 1s, large consultancies and against
innovative SMEs (External factor — Economic; Internal factors — fragmentation of the

railway industry; culture; risk aversion)
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Industry is averse to risk (Internal factor — risk aversion)

Lack of engineering stubbornness/freedom to investigate (Internal factors — culture; risk

aversion)

All of the above!

Table 5.2: Categorisation of responses to online survey q.9

The top five responses selected by respondents as one of their options were:
Resistance to change (131 / 65%)

Complexity/fragmentation of the industry (97 / 48%)

Political uncertainty/lack of support (85 / 42%)

High costs of R&D and market entry (75 / 37%)

Procurement processes (63 / 31%)

Question 10

In your opinion, which area of railway innovation will have the most
significant impact over the next 10 years?

Respondents (number)

Digitalisation / Data | 71
Decarbonisation | <9
Signalting | 31
Customer Experience | R 15
Government Policy / Structural Reform [ N 13
Infrastructure / Asset Management [ ¢

Cost reduction / Business Models [ 5

Other [N 5

0 10 20 30 40 50 60 70 80

m Respondents (number)

Figure 5.10: Response to online survey question 10

This free text question asked, ‘In your opinion, which area of railway innovation will have

the most significant impact over the next 10 years?’. Figure 5.10 shows the 197 responses
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that were given, these were then analysed and then grouped together with the results set

out in table 5.3.

Coded groups of results | Number of | Indicative responses

responses
(%)

Digitalisation / Data 71 (35%) These results also included references to
Artificial Intelligence, Internet of Things,
Remote Sensing and Monitoring, Digital Twins,
and Automation.

Decarbonisation 49 (24%) These results included sustainable traction,
hydrogen, battery, energy efficiency, and
climate change adaptation.

Signalling 31 (15%) This included digital signalling, traffic
management, European Train Control System
(ETCS), Communication Based Train Control
(CBTC), and Automatic Train Operation (ATO).

Customer Experience 15 (7%) This included improved rolling stock, stations,
ticketing, and high-speed rail.

Government Policy / 13 (6%) This included railway reform, financing, public

Structural Reform policy, renationalisation, removing the
fragmentation of the industry, and investment
in rail R&D/Innovation.

Infrastructure / Asset 8 (4%) This included effective maintenance and

Management improved reliability.

Cost Reduction / 5(2%) This included business model innovation, and

Business Models whole life cost assessment.
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Other 5(2%) These included testing and trialling facilities, rail
freight sector, switches, new materials, and

entrants to the industry.

Total free text responses | 197

given (98%)

Table 5.3: Analysis of responses to online survey q.10

Question 11

How prepared do you think the railway industry is to adopt new
innovations?

Respondents (number)

Very Prepared

H:
Neither Prepared nor Unprepared _ 39

0 10 20 30 40 50 60 70 80

m Respondents (number)

Figure 5.11: Response to online survey question 11

This question posed a relatively simple question for the respondents to consider — how
prepared do you think the UK railway is to adopt new innovations - with a Likert scale of five
response options to provide a generic overview. Out of 202 responses in total, 63
respondents (31%) answered with one of the two positive options (5 or 4), while 100
respondents (just under 50%) answered with one of the two negative options (2 or 1),

shown in figure 5.11.

On the other hand, this can be reported as 175 (86%) did not commit to either extreme and

opted for the mid-ranking answers, from somewhat prepared to somewhat unprepared.

As a result, further qualitative data was sought to better understand and describe the

current context for the UK railway.

Enabling innovation on the railway: a critical approach 131



Question 12

What role do you believe the railway industry should play in addressing
environmental and sustainability challenges through innovation?

Respondents (number)

Rail should take a leading role

113

Rail needs to address structural/cultural issues to deliver this _ 43
Specific examples _ 20
M

Learn/adopt from other sectors

tittte/None [l ©
0

m Respondents (number)

Figure 5.12: Response to online survey question 12

This free text question sought to elicit open responses from respondents on the potential
role that the railway can play in supporting the environmental and sustainability challenges
and policy objectives, such as the long-term Net Zero legal requirements established by the

UK Government.

Figure 5.12 shows the 191 responses that were received for this question which were then

been coded as shown in table 5.4.

Coded groups of No. of Indicative responses
results responses
(%)
Rail should take a 113 (56%) | Responses included: rail already has - and should
leading role have - a leadership role as a relatively clean and

sustainable mode of public transport for people and
freight; modal shift was frequently mentioned as

being key to this; as well as using innovation as a tool
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to improve environmental and sustainability

performance.

Rail needs to address
structural/cultural

issues to deliver this

43 (21%)

Responses included: rail could be a leader but
needed to address industry issues, most frequently
the internal factors of structure and culture.
References were made to collaboration, building
partnerships, lobbying Government, supporting
SMEs, not favouring OEMs/Tier 1s, revising

procurement strategies to reflect needs/outcomes.

Specific examples

20 (10%)

These responses gave specific examples of what the
railway could do to address environmental and
sustainability challenges. Half of these responses
specifically mentioned sustainable traction systems
(including electrification, battery, and hydrogen
systems). The remainder referenced climate change
adaptation and resilience, noise, passenger

information, ticketing, and park & ride.

Learn/adopt from

other sectors

6 (3%)

These responses all stated that rail should learn from
other sectors. Several added that the railway should
adapted tested and proven innovations from other

sectors to boost its own performance.

Little/None

9 (4%)

These responses all focused on the railway needing
to focus on delivering core services before
prioritising environmental and sustainability

challenges and using innovation to address them.

Total free text

responses given

191 (95%)

Table 5.4: Summary of free text responses to online survey q.12
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Question 13

Have you or your organisation been directly involved in developing and/or implementing
railway innovations?

Respondents (number)

mYes m No

Figure 5.13: Response to online survey question 13

This direct question sought to draw out practical experience of developing and delivering
railway innovations. Figure 5.13 shows a positive response from 163 respondents (81%)
indicating that a significant proportion of the Survey’s sample population had practical

experience of undertaking railway innovation to inform their responses to the Survey.

Question 14

If you have been directly involved in railway innovation, please describe
the nature of your involvement in railway innovation project

Respondents

Digitalisa tio 1 2 O
Decarbonisation | S O S
Innovation Manager S S 2 3
Infrastructure I 1 8
Innovation Support I | 2
Research I O
Signalling I
Rolling Stock I
CustomerServices /Ticketing I C
Innovation Policy M 5
Testing EE— 3
Maintenance I 2

Confidential / no comment 11
0 5 10 15 20 25 30

H Respondents

Figure 5.14: Response to online survey question 14
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Respondents who answered yes to Question 13 were then asked to describe the nature of

their involvement with innovation. Responses reflected a breadth of involvement with a

blend covering either topics (i.e. purpose of innovation) or functions (i.e. type of role),

shown in figure 5.14. Table 5.5 shows the top three response categories for both purpose

and function.

Top 3 responses by category (purpose)

Top 3 responses by category (function)

Digitalisation (29 responses)

Innovation Manager (23 responses)

Decarbonisation (25 responses)

Innovation Support (12 responses)

Infrastructure (18 responses)

Research (9 responses)

Table 5.5: Top 3 response categories to online survey question 14

The responses were coded into categories reflecting either the innovation purpose or the

functional role. In terms of functions, innovation manager was used to reflect innovation

specialists leading or delivering multiple projects; innovation support was used to

incorporate innovation specialists providing advice and support into companies and projects

(for example, railway clusters and trade associations).

Question 15

What do you believe is the most important factor for accelerating

innovation in the railway sector?

Industry culture

Government leadership

Fragmentation / industry structure

Respondents

Funding | 2

Innovation support | '

Demand-side actions

skitls N 2

0 10

I 7

20 30 40 50

W Respondents

Figure 5.15: Response to online survey question 15
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The last technical question sought to capture respondents’ perspectives on where the key
enabler/barrier to railway innovation exists. This question was phrased to identify the
critical area that can enable more railway innovation to successfully happen. Figure 5.15

sets out the responses.

The two standout responses — industry culture (53 responses) and government leadership
(51 responses) — make a very clear statement with one internal and one external factor (as
identified earlier in this chapter) each being crucial. Additionally, the third most popular
response - fragmentation / industry structure (29 responses) — is another internal factor,

albeit framed by government policy and can be described as a hybrid factor.

The fourth and fifth most popular responses — innovation support and funding — can both be
considered as supply-side issues where innovation supply needs the support to undertake
and commercialise innovation projects more effectively. Demand-side actions included
responses covering the railway being more open to using innovation, and procurement

being a key barrier to innovations entering the market.

5.4.3 Respondent Questions

These final questions were posed to provide an insight into the respondents, asking for their
broad area of activity or expertise in the railway industry, and their length of time working
in the sector. These questions give us an understanding of the sample population and its

consistency with our original target methodology for the Survey.

Question 16

What is your role in the railway industry?

@® Engineering 54 -
® Commercial 17 |

® Operations 16 [

@® Research & Development / Innovation 47 —

@ Policy / Public Sector 1 —/

® Consultant 30 ]

@ Other 27 ]

o

20 40 60

Figure 5.16: Response to online survey question 16
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The first respondent question sought to understand the industry discipline area and
knowledge of the respondents. The top two responses were engineering (27%) and

research & development / innovation (23%).

Responses within the ‘Other’ category included: retired, advisor, project management,

railway industry cluster manager, health and wellbeing, marketing, and public affairs.

Question 17

How many years of experience do you have in the railway industry?
Respondents (number)

Less than 1 year

w

1-5years

31

0 10 20 30 40 50 60 70

m Respondents (number)

Figure 5.17: Response to online survey question 17

The second respondent question, and final Survey question, was designed to gain an

understanding of the railway industry experience of the sample population.

From the 202 respondents who took part in the survey, 120 (59%) had over 10 years of

railway industry experience, and 66 of those respondents (33%) in fact had over 20 years of

experience in the industry.

5.5 Chapter Summary

The quantitative data collected through the online survey provides a high volume of
relevant and valuable data to support this research. This dataset provides significant value

in informing this research as well as future research. A number of key findings can be drawn
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out from the quantitative data that contributes to new knowledge in the field. The key

findings are summarised in table 5.6 below.

Questions 1-5: assessment of UK rail
industry innovation and comparative
assessment with other railway industries

and with three adjacent transport sectors

These datasets provide a valuable
assessment from a relevant sample
population of the UK rail industry’s
innovation capability and a comparative
assessment with international rail
industries and with three adjacent
transport sectors. These datasets
contribute new knowledge and insights and
also provide an opportunity for further

research.

Question 7: assessment of areas of the rail

sector undergoing the most innovation

This dataset contributes new knowledge
and insight into areas of the rail sector
most open to innovation and where further
research can provide relevant real-world

impact and opportunity.

Question 8: assessment of most relevant

factors that drive rail innovation

This dataset provides new knowledge and
rich insight into the perceived drivers of
innovation in the sector and provide critical
value to this and future research in the

field.

Question 9: barriers to rail innovation

This dataset provides new knowledge and
rich insight into the perceived barriers of
innovation in the sector and provide critical
value to this and future research in the

field.
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Question 10: areas of future impact for rail

innovation

This dataset provides an extremely valuable
insight into where the future opportunities
for relevant research and development lie
for the railway. This contributes significant
new knowledge and real value for
researchers seeking to understand where
research can contribute real impact to the

sector in the future.

Question 12: the role of rail innovation in
supporting environmental and

sustainability challenges

This dataset contributes new knowledge
and valuable insight into the perceived role
of rail innovation in the field of

decarbonisation.

Question 15: the most important factors to

enable rail innovation

This dataset provides a valuable
assessment identifying the key factors to
enable UK rail innovation. This contributes
new knowledge in the field and is key in
supporting this research and future

research opportunities in this field.

Table 5.6: Summary of key findings from quantitative data
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Chapter 6: Observation and Analysis (Qualitative
Data)

Chapter Structure

6.1 Introduction

6.2 Interview Design

6.3 Interviewee Selection

6.4 Analysis of Qualitative Data from Key Actor Interviews

6.5 Integration of Quantitative and Qualitative Data and Analysis

6.6 Chapter Summary
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6.1 Introduction

Following on from the Survey, the second of the two key sources of primary data was the
collection of qualitative data through interviews with key actors in the UK railway innovation
landscape. Qualitative research can be undertaking collection of data to support the
research project that manifests as narrative or non-numeric (i.e. non-quantitative) data as
the result of the research (Carter and Henderson in Bowling and Shah (eds.) 2005).
Qualitative research can be used to develop new theory, in contrast to quantitative research
which can be effectively used to test hypotheses. This creates the opportunity to use both
types of research in combination with qualitative research being used prior to quantitative
data collection to form hypotheses, and after the quantitative data tests these hypotheses,
to be used to dive into the outputs from the quantitative data analysis (Carter and

Henderson 2005).

This research has used interviews with 43 key actors with knowledge of the UK railway
innovation landscape to both develop the hypothesis and test it, and to form the
construction of the conceptual framework that is the central objective of this research

project.

6.2 Interview Design

Interviews are a pre-eminent means of collecting qualitative data, and when designed
carefully, interviews can provide a rich set of data to inform the research project (Qu and

Dumay 2011).

The design of interviews to collect qualitative data can take several formats. There are
three different formats for interviews to take into consideration (Gall, Borg, Gall 2003; Qu

and Dumay 2011; Taherdoost 2022) which are summarised below.

Informal conversational —an unstructured interview, where the interview is a relatively
spontaneous free-flowing conversation. The unstructured and flexible approach allows the
conversation to flow and to naturally probe, but on the other hand this makes recording and

coding of the data less stable and clear.
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General interview — a semi-structured interview, with a set of questions prepared but these
can be deployed as appropriate by the interviewed depending on the content of the
conversation. This allows the interviewer to add supplementary questions, and miss out
others, as appropriate to suit the interview context. The flexibility of this approach allows

interviewers to draw out the information being sought from the participants.

Standardised open-ended interview — a structured interview, using a fixed set of open-
ended questions that allows interviewees to express themselves as they wish to provide
their responses. This can remove any potential bias in the collection of the data but also

risks missing out on collection of all data and being able to correctly code it.

The semi-structured approach was chosen to provide flexibility in approach, and to ensure
that interviewees could be encouraged to provide as much insight as possible to the data
collection for the research. This approach has been favoured for the research as it is best
aligned with the critical approach, allowing the interviewer to understand and probe the
interviewee using their choice of language and understanding of context to elicit data (Qu

and Dumay 2011).

The interview format was prepared in advance to a standard structure utilising space for
three types of questions — main questions, planned follow up questions, and spontaneous

questions (Taherdoost 2022).

Interviewees were given a standard briefing in advance (see figure 6.1) to give them prior
knowledge and understanding of the research intent and the purpose of the interview, a
statement on the right to privacy and confidentiality, and the interview structure and main

guestions to be asked.

Enabling innovation on the railway: a critical approach 142



Research Interview Briefing Sheet

Many thanks again for agreeing to take part in this research interview. Your insights and
perspectives on the subject of railway|innovation will be hugely helpful to me in
conducting my research on this subject for my PhD thesis.

In advance of the interview, you do not need to undertake any preparation whatsoever!
| want to hear about your views, knowledge, and experience in the field. To give you an
idea of what | would like to discuss with you, the interview will be structured around 5
main questions:

Why does the railway need innovation?

What does the UK railway innovation landscape look like to you?
Who are the key actors?

What are the main enablers/barriers to railway innovation?
What can be done to enable more innovation to happen?

o o 2

There will be additional questions that | will ask as the interview progresses that will
supplement these main questions.

| envisage the interview taking between 30 and 60 minutes, subject to the time available
to us.

Statement on privacy and confidentiality

Participation is strictly anonymous, you will be undertaking this interview with me in
confidence, and what you say will not be attributable to you in any way.

| will record what you say in notes that will not be attributable to you. The outputs from
the interview will be anonymised, coded, analysed, and aggregated. | will ensure that
you are not identifiable as your candid expression of views on the subject are of real
importance to the research.

Many thanks again for your support with this research project.
Alex

Alexander BURROWS

Birmingham Centre for Railway Research and Education
School of Engineering

University of Birmingham

Figure 6.1: Research interview briefing sheet provided to all interviewees

The semi-structured interview format used for all interviews is set out in Figure 6.2. The five
main questions were consistently asked to provide a structure for the conversations and to
provide a baseline for all interviews to ensure a consistency of approach, while allowing for
the interview conversations to be free flowing to draw out all relevant information from

each of the interviewees.
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Key Actor Interview Format

BEFORE THE INTERVIEW: Invitation // Confirmation // Standard Briefing

4 ™
y AN GUESTIORS: N\ [FOLLOW uP QUESTIONS]
1. Why does the railway need = Whois driving this? )
innovation? <
2. What does the UK railway innovation & Who should be drivingthis? ]
THE landscape look like to you? =i s Rworking? ) SngJgN-
INTERVIEW 3. Who are the key actors? QUESTIONS
4. What are the main enablers / Should they be doing more/less? |
barriers to railway innovation? :
5. What can be don: to enable more Wy doyou think thet? ]
\ innovation to happen? How could that be achieved? |
.

AFTER THE INTERVIEW: Thank You Note // Confirmation of Privacy & Confidentiality

Figure 6.2: Diagram illustrating the process undertaken for key actor interviews

6.3 Interviewee Selection

These in-depth interviews were designed to collect qualitative descriptive data on the UK
railway innovation landscape to support the research. Interviewee selection was
undertaken to ensure a rich set of data could be drawn out from semi-structured interviews

to address the research question (DiCicco-Bloom and Crabtree 2006).

As discussed in chapter 3, three core actor and stakeholder categories were identified to
establish a minimum sample of key actors to interview. These categories were established
to cover all relevant areas from across the UK railway innovation landscape, coming from
across the railway supply (innovation supply) and operations (innovation demand) sectors,
as well as from a third category of wider stakeholders and actors. These categories are

summarised in figure 6.3.
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Group ‘SI’ Group ‘OP’ Group ‘ST’

Supply Industry / Innovation Rail Operations / Innovation Stakeholders, Others

Supply Demand

Rail supply industry actors Railway operating industry Trade associations, the railway
including OEMs, Tier 1 including Train Operating sector trade press, international
contractors, SMEs, Companies, Freight Operating actors and organisations, and
consultancies, ROSCOs, and the Companies, Network Rail, and regulatory and advisory bodies
Department for Business and the Department for Transport

Trade (DBT) (DfT)

Figure 6.3: Three core actor and stakeholder categories for interviewees

Group ‘S’ included individuals with a breadth of experience covering a wide range of actors
from across the UK rail supply industry including railway rolling stock, systems and
infrastructure manufacturers, infrastructure Tier 1 contractors, small and medium sized
enterprises, rolling stock owning companies, consultancies, and the Department for
Business and Trade as the sponsoring department of the rail supply industry within the UK
Government. The breadth of this group (the largest represented of the three groups)

included:

= QOriginal Equipment Manufacturers (OEMs) / Tier 1 Contractors: The large
organisations that manufacture the railway rolling stock and railway systems and
deliver the railway infrastructure. At the top of the railway supply industry, their
role in the UK railway innovation landscape is significant.

= Small and Medium sized Enterprises (SMEs): The engine room of the railway
industry, SMEs are traditionally the root of much innovation, including in the railway
sector.

= Consultancies: Several large consultancies play a major role in designing,
engineering, and delivering the railway, with a range of smaller consultancy
businesses in support. They provide strategic and technical consultancy support to
most parts of the railway sector.

= Testing: Testing and trialling facilities are key to enabling innovation, access to them
and their support is a key part of railway innovation.

= ROSCOs: The rolling stock owning companies, provide the financing that purchases
new rolling stock from the OEMs and then lease the trains on to the Operating

Companies.
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Group ‘OP’ included individuals with a breadth of experience covering a wide range of
actors from across the UK railway operations sector that includes operating companies for
passenger and freight services, railway infrastructure managers (specifically Network Rail,
who own and manage the vast majority of the UK’s railway infrastructure), and the
Department for Transport as the sponsoring department of the rail operations sector within

the UK Government. The majority from this group included:

= Train/Freight Operating Companies (TOCs/FOCs): The organisations that run the
train services for passengers and freight. Currently in the process of moving from
private sector ownership back to the public sector as a part of Great British Railways
(GBR), and to be re-integrated with railway infrastructure as Network Rail also joins

into GBR.

Group ‘ST’ included individuals with a breadth of experience covering a wide range of actors
from across the wider stakeholder environment that goes beyond the supply and demand

sides of the UK railway innovation landscape. This includes:

= Regulatory: The Office of Rail and Road (ORR) as the regulator, and the Railway
Safety and Standards Board (RSSB) as the body responsible for safety and the railway
standards, as well as the coordinator for the railway R&D programme and roadmap.

= Trade Associations: The Railway Industry Association (RIA) and Rail Forum as the two
largest trade associations representing the railway supply industry, and the Rail
Freight Group representing the interests of the rail freight sector.

= |nternational: international railway innovation experts to gain a comparative
perspective of the UK railway innovation landscape. This includes international

railway organisations, railway clusters, and the international railway trade press.

This research was lucky to have access to a range of relevant actors and stakeholders with
suitable knowledge and experience. In total, forty-three interviews were held to collect
gualitative data to supplement the online survey that collected the quantitative data from
202 respondents. The forty-three interviews all had a minimum of five years of experience

working in and around the UK railway innovation landscape.

6.4 Analysis of Qualitative Data from Key Actor Interviews
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6.4.1 Methodology for analysis of qualitative data

Prior to the completion of the forty-three key actor interviews, a methodology for
structuring and coding the data outputs from the interviews was established. The outputs
from the literature review and the PESTLE analysis were considered and informed this
structuring. In addition, the design of the online survey was also considered to ensure
sufficient coherence to enable the effective integration of the qualitative and quantitative

data.

The standard structure for each of the interviews is set out in figure 6.4.

/ MAIN QUESTIONS: \ [ FOLLOW UP QUESTIONS ]
1. Why does the railway need + Who is driving this? ]
]
)
J
)
)

innovation? — -
2. What does the UK railway innovation {» Who should be driving this?
THE landscape look like to you? =g~ Is it working?
INTERVIEW 3. Who are the key actors?
4. What are the main enablers / #{ Should they be doing more/less?
barriers to railway innovation? ===
5. What can be done to enable more

\ innovation to happen? 74 How could that be achieved?

Figure 6.4: Standard interview structure

SPONTAN-
EOUS
QUESTIONS

$ Why do you think that?

Each interview was based around the five main questions set out in figure 6.4, that provided
the structure and flow. From those questions, several follow up questions were asked with
additional spontaneous questions used as appropriate to enable the interviewee to express

their thoughts and perspectives effectively.

The methodology for the analysis of the qualitative data follows the structure of the
guantitative data collection and uses the two core parts of the online survey — contextual

guestions and technical questions.

Respondent questions were not required as the interviewees were selected based on a
minimum requirement of five years of experience working in and around the UK railway
innovation landscape. The interviewees were grouped into three core areas groups with the

balance of the 43 interviewees shown in figure 6.5.
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Group ‘SI’ Group ‘OP’ Group ‘ST’

Supply Industry / Innovation Rail Operations / Innovation Stakeholders, Others
Supply Demand
Rail supply industry actors Railway operating industry Trade associations, the railway
including OEMs, Tier 1 including Train Operating sector trade press, international
contractors, SMEs, Companies, Freight Operating actors and organisations, and
consultancies, ROSCOs, and the Companies, Network Rail, and regulatory and advisory bodies
Department for Business and the Department for Transport
Trade (DBT) (DfT)
21 Interviewees 12 Interviewees 10 Interviewees

Figure 6.5: Overview of the forty-three interviewees by category

The interview discussions have been analysed with the responses coded and grouped to
enable a quantitative overview of each of these main questions — these are summarised

below.

6.4.2 Analysis of qualitative data

The first three main questions were contextual questions with the aim of drawing out

further description and analysis of the UK railway innovation landscape:

=  Why does the railway need innovation?
= What does the UK railway innovation landscape look like to you?

=  Who are the key actors?

Figure 6.6 shows the coded responses to the first main question that opened all of the
interviews. Interviewees unanimously responded directly with the need to improve railway
operations i.e. providing better services for passengers and freights, and all bar one
mentioned the need to reduce costs. The need for using innovation to compete with other
modes of transport and the effective exploitation of new technologies were also raised
frequently, while climate change was the fifth most frequently mentioned response to this

question.
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Main Question 1: Why does the railway need innovation?

There was a clear top 5in the Respondents

responses to this contextual first .,

interview question: a5 a2 43
40

* Deliver better services 35 -

30

* Reduce costs
* Compete with other modes of *°

transport .
* Take advantage of new s
. 0
te(:h nOLOgIeS Climate change Use new Competition  Reduce costs  Deliver better
. technologies from other services
* Address climate change modes

m Respondents

Figure 6.6: Overview of responses to Main Question 1

Figure 6.7 shows the coded responses to the second main question about perceptions of the
UK railway innovation landscape. The vast majority of respondents were negative and most
frequently commented on the fragmentation of the industry and the lack of coordination
and joining up of efforts to deliver the best outcomes from innovation activities. Railway
reform was mentioned by half of the interviewees as a reason to hope that change might

happen but concerns over funding and procurement processes tempered these hopes.

Main Question 2: What does the UK railway innovation landscape look like
to you?

» 36 interviewees gave a negative view (3 Responses
were positive, 4 were neither positive nor
negative)

* Comments focused on:
* Industry fragmentation
* Lack of funding and support for innovation

* Procurement focused on specification rather
than outcome

* Innovation perceived as too risky and hard
* Lack of support from the Government

m Positive
M Neither

H Negative

Figure 6.7: Overview of responses to Main Question 2
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Figure 6.8 sets out responses to the third main question —who did interviewees perceive to
be the key actors in the UK railway innovation landscape. Unsurprisingly, the major buyers
of innovation — the Government, Network Rail, and other client bodies (such as High Speed
2, East West Rail, Transport Scotland, Transport for Wales, Transport for London), came out
on top. They were followed by the train and freight operating companies, the original
equipment manufacturers, and small and medium-sized enterprises — as the suppliers of
innovation. Moving down, universities were mentioned by half of the interviewees, and

then the Office of Rail and Road and the Railway Safety and Standards Board.

One interesting observation to note was that the European Union, through the Horizon
funding and the Europe’s Rail Joint Undertaking, was mentioned more often than Innovate

UK, the UK Government’s innovation funding agency (14 and 10 interviewees respectively).

Main Question 3: Who are the key actors?

® Government

= Network Rail
® Other Client Bodies
Other Client Bodies, (oL EIN LTIy hi@ = TOCs/FOCs
33 TOCs/FOCs, 32 Manufacturers, 31 m Original Equipment Manufacturers

® Small/ Medium sized Enterprises

Government, 41 . e
W Universities

= ORR/RSSB
B EU (eg Horizon)
EU (eg ®m Trade Associations
ORR/RSSB, 20 Horizon), 14 ® Testing Facilities
Small/ Medium sized B Innovate UK

Enterprises, 31

= Private Investment (eg Banks)

Innovate UK,
10

Trade Testing Private
Associati | Facilities | Investment (eg
Network Rail, 40 Universities, 21 ons, 12 o1l Banks), 7

Figure 6.8: Overview of responses to Main Question 3

The fourth and fifth main questions were technical questions. The aim for these was to

move from descriptive analysis to a more considered reflection and expressing subjective
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views and perspectives on how the UK railway innovation landscape is and how it could be

improved:

= What are the main enablers/barriers to railway innovation?

= What can be done to enable more innovation to happen?

Figure 6.9 shows the coded responses to Main Question 4 that sought to identify
interviewees’ perspectives on the main enablers and barriers to railway innovation. The
structure and fragmentation of the industry was the most frequent response, closely
followed by the culture of the industry, the role of Government, and the availability of
funding. The industry’s appetite for risk in supporting and investing in innovation was also
frequently mentioned and this was coded separately from industry culture to reflect a very

strong set of responses from the majority of interviewees on this specific point.

Main Question 4: What are the main enablers/barriers to railway
innovation?

Respondents
Industry structure |, <o
Industry cutture |, 7
Role of government |, -
Funding | ::
Riskappetite |, 0
support [, o
Procurement | 2o
skits | -

0 5 10 15 20 25 30 35 40

H Respondents

Figure 6.9: Overview of responses to Main Question 4

Figure 6.10 summarises the coded responses to Main Question 5 that asked interviewees

for a forward-looking response to what could be done to enable more innovation to
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happen. The responses were consistent with previous questions, with industry reform,

government leadership, and funding all mentioned by the clear majority of interviewees.

Main Question 5: What can be done to enable more innovation to happen?

This question brought out a clear Respondents
set of six asks from almost all
respondents: naustry o |

* Industry reform

Government leadership

40

* Government leadership
 Funding Funding | -:

* Procurement procurement - | +<

Innovation Support

standards / approvals

Reduce standards/approvals complexity

1 nnovation suppor _
Reduce complexity of Innovation support -
/7

® Respondents

Figure 6.10: Overview of responses to Main Question 5

These figures provide a broad overview of the data collected from the 43 interviews
undertaken for this research. However, it is important to remember that the purpose of the
interviews was to collect qualitative data, which will be analysed and discussed in the next

section.

6.4.3 Thematic overview of the data

To assess the qualitative data collected from the interviews, a number of themes have been

drawn out from the interviews. Nine key themes have emerged:

(1) The role and purpose of innovation in rail

(2) The ability to innovate and openness to innovation
(3) Industry structure and fragmentation

(4) The culture of the rail industry

(5) Risk appetite and costs of / benefits from innovation
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(6) The availability of funding
(7) The availability of skills
(8) The availability of support and facilities

(9) The role of government and client bodies

These themes will be assessed against all the other data collected later in this chapter. In
this section, the themes will be more fully explained and analysed using the data from the

interviews.

The role and purpose of innovation in rail

The first theme is the role and purpose of innovation in rail. All the forty-three interviewees
addressed both supply-side considerations and demand-side considerations. For the
former, this was expressed as exploiting new technologies (particularly in the fields of
digitalisation and decarbonisation) to provide improvements to railway operations in many
ways. From a demand-side perspective, the role of innovation as a means of addressing
major industry challenges was almost universally cited. A clear and universal focus was on
how innovation is needed to support the railway to provide better, more reliable services,

and to improve value for public money by reducing costs.
One interviewee from the supply industry explained their perspective in this way,

“We can provide much better solutions, the advances in digital technologies, in particular,
allow for transformational improvements in processes and services. It’s now up to the

industry to take advantage of this!” (from Group ‘SI’)

Another supply industry interviewee connected improved services with the macro-benefits
of making improvements to the railway in terms of driving wider environmental, social, and

economic benefits,

“Innovation brings efficiency and reduced costs and supports big objectives like climate

change as well as driving other economic and social benefits.” (from Group ‘SI’)
Correspondingly, an interviewee from the operations side put it as,

“The industry is in the doghouse with the Government, we have got to deliver serious

improvements to services while spending less money. That means we must do things
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differently. So, we need to make use of innovation to deliver those changes rapidly.” (Group

IOPI)

The ability to innovate and openness to innovation

The second theme covers both the ability to innovate and openness to innovation. This
broad theme considered both supply-side issues - including the lack of incentives to
innovate (for example, procurements being focused on specification of known and proven
technology, thereby blocking opportunities for innovative solutions) — and demand-side
issues (for example, a fear of the unknown and a lack of risk appetite to try new and better
solutions against known and existing solutions). This theme frequently came out as a part of
the issue with industry culture, with a majority of interviewees across all three groups

referencing an equivalent phenomenon, described as “railway treacle”, “stagnancy”,

“inertia”, and “paralysis”, one railway key actor explained it as,

“The UK has a strange relationship with the railways as we invented it, like football, and yet
everyone else has gone off with it and made it better and we are left behind. The UK railway
panics about having to actually do innovation as it tries to balance being a part of the
nation’s industrial heritage, part of the current economy, and part of the future society.”

(from Group ‘ST’)

In addition to the phenomenon of ‘railway treacle’, a more sceptical view was also prevalent
that viewed innovation as a tool for the railway industry to deliver “positive messaging and

improved communications!” (from Group ‘ST’).
One example was cited from the German railway,

“Innovation sometimes happens to show paymasters that they are modern and effective —
forexample, a few years ago Deutsche Bahn set up the Mindbox in Berlin with a very strong
start up culture and purposefully designed to be as far removed from the railway industry as
possible — this led to some successes commercially but there was a clear purpose to it of

demonstrating that the railway can be modern and innovative!” (from Group ‘ST’).

Industry structure and fragmentation
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The third theme can be summed up as industry structure and fragmentation. This was the
major issue and was mentioned by every interviewee repeatedly. The lack of coordination
and, at a higher level, the lack of a long-term strategy and vision for the role and purpose of
the railway, was universally cited as a critical barrier to innovation. Time and again the lack
of joined-up thinking and approach was referenced, with much hope expressed that
forthcoming reforms would address this — albeit the hope was tempered by a lack of

confidence in it being delivered by several interviewees.

An underlying theme was the lack of a focal point for innovation. Many interviewees raised
a lack of industry leadership in providing a demand for innovation as a key problem and six
interviewees specivically referenced the loss of the British Railways Research Department as
a root cause of that. One issue raised several times was the difficulty in approaching the
railway with unsolicited ideas and bids for innovation projects. There is no easy route to
enter the railway market with novel solutions, combined with the complexity of getting the

requisite testing and approvals, making validation and adoption of innovations difficult.
One interviewee summed this specific problem up as,

“The UK railway needs a champion to push new ideas and an openness to innovation, an

enabler who can unlock not just projects but, ultimately, mindsets.” (from Group ‘SI’)

The culture of the rail industry

The fourth theme is the culture of the rail industry. This was raised by the rail supply
industry interviewees frequently as a lack of desire to try new solutions or new
technologies, with the operating railway instead preferring known and understood solutions
that were less risky to procure and deploy. Several interviewees in Groups ‘SI’ and ‘ST’
expressed concern over the lack of tangible, visible leadership in supporting innovation in

rail from the demand side, for example one interviewee stated,

“It is easy to talk about how the railway welcomes innovation, but we simply do not see it

happening on the ground.”

Another interviewee connected this theme with the second theme about openness to

innovation,
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“It is hard to follow where the industry-leading innovation really is compared to all the

chatter about what looks good.” (from Group ‘ST’)

A number of comments from interviewees summarise the problems that emerged around

the theme of industry culture:

“Why don’t people understand that the railway is simple and therefore innovation should be
easy — railway starts with the complete opposite perspective of complexity?!” (from Group
ISII)

“We need to get over the arrogance of the rail industry that it — and only it - knows best

about running a railway.” (from Group ‘SI’)

“Innovation fails on the railway because we never get to even proving concepts.” (from

Group ‘SI’)

“Companies are finding that relationships are fraught, contractual complexity is the
overriding theme for the railway, the railway always makes everything hard for itself and

absolutely no one is brimming with optimism.” (from Group ‘SI’)

“The optics are very clear for us - do what you have to do for less - which is a barrier to

innovation.” (from Group ‘OP’)

“The Department for Transport don’t like anything different; their sole focus is on cost
control to appease the Treasury,; they have no money and so no innovation can really be

driven forwards.” (from Group ‘OP’)

“The culture is engrained into the industry — we don’t make it easy to try things — the
balkanisation of the industry after privatisation has entrenched behaviours that baked in
cost and risk aversion and an immutable focus on safety at any cost after the big accidents

around the turn of the millennium.” (from Group ‘ST’)

“The UK rail industry needs to take a sober look at itself — does it really help good ideas get
through the permafrost of the industry? | can give a couple of good examples... but why are
there not dozens of SMEs breaking through, given the size of the industry and the role of the

railway there should surely be many more?” (from Group ‘ST’)

“The industry is characterised by contractual interfaces at every turn and conservatism when

it comes to trying new things, and it is also so defensive — this makes it hard to criticise and
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that rarely happens because this industry is defined by its personal relationships and sticking

with who and what you know!” (from Group ‘ST’)

Risk appetite and costs of / benefits from innovation

The fifth theme is risk appetite and the costs of, and corresponding benefits from,
innovation. Interviewees observed that the cost of innovation does not necessarily
correspond with where the benefits are derived. This is part of the structural complexity of

the rail industry as one interviewee explained in a practical example,

“Train Operating Companies want to spend as little as possible so look to Network Rail to
deliver electrification, which will significantly reduce the cost of operations and provide

wider benefits for passengers.” (from Group ‘OP’)

The buyers of innovation don’t want to bear significant risk, but the cost of innovation to get
new products and solutions approved and commercialised is significant, creating a massive

barrier for innovation.
One interviewee provided a forecast,

“This will be a defining challenge for the next 10 years, the pros and cons for technology
introduction across the track-train divide, such moving signalling from trackside to

trainborne. How will this get paid for?” (from Group ‘ST’)

The availability of funding

The sixth theme is the availability of funding. There is not a lot of investment to support UK
railway innovation, and this has been impacted by Brexit, as one interviewee from Group ‘SI’

explained,

“The impact of Brexit was horrendous as our main source of funding for rail research,
development, and innovation, disappeared. Now we have regained access to EU Horizon
funding and the Europe’s Rail Joint Undertaking, we are all making a huge effort to rebuild

those collaborations and try to regain those funding opportunities.”
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With relatively little public funding available to support rail innovation, building the business

case to deploy private investment is difficult. As one interviewee from Group ‘SI’ explained,

“To get private investment, innovation needs to be proved, and the practical application
demonstrated to unlock that investment. The rail industry needs to take the lead in showing
the potential application of these innovations. And remember that rail is competing with

,I/

many other sectors for investment
Another interviewee from Group ‘SI’ stated,

“We are told that there is funding to support rail innovation, but it never seems to
materialise. Innovation is expensive in rail... if there is little funding support then there will

'II

be very little innovation

A specific issue with how the limited funding was allocated was raised several times by

interviewees from Group ‘SI’ and ‘ST’, summarised by one as,

“Innovate UK are the main providers of funding to support rail innovation, but it is allocated
in a haphazard way. Scoring seems to be done by people from outside the industry with
little practical knowledge or experience. Many people don’t bother wasting time bidding

I"

given the uncertainty that you will be fairly or rationally assessed and scored!” (from Group
ISII)
One further interviewee summarised the context and looked to find potential solutions,

“The leaders at the Department for Transport and Network Rail have the power to demand
innovation and to provide the funding to make it happen. Why can’t Network Rail go to a
small company and try out potential solutions using small grants to seed developments?
Why not connect funding for innovation with opportunities for skills development? The
barrier is money, but it is also short-term thinking and not wanting to actually try and solve

the problem.” (from Group ‘ST’)

In the majority of interviews, funding came up as a critical and tangible barrier to
innovation, following the culture of the industry and the role of Government and industry

structure.
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The availability of skills

The seventh theme is the availability of skills. Generally, interviewees were confident that
the skills to undertake rail innovation exist, although there were some concerns about
ensuring that access to the next generation of railway engineers continued due to concerns

over other industries being more attractive.

However, there was greater concern among interviewees that the skills to implement new
technologies and to understand and support them higher up the chain are lacking. This part
of the theme corresponds with points made around industry culture and openness to

innovation.

“The industry needs to be able to accept challenges as to why rail does certain things in
certain ways and actually start to challenge itself rather than just saying it will do so.” (from

Group ‘SI’)

The availability of support and facilities

The eighth theme focuses on the availability of support and facilities needed to enable
innovation. To sum up the views of the majority of interviewees, some support does exist
but there is not much. Additionally, access to facilities to support the development, testing
and validation of innovations is limited and expensive. A number of interviewees
considered this a major barrier with innovation support limited to a few organisations and

sites.

Fifteen interviewees cited the importance of universities, including the UK Rail Research and
Innovation Network (UKRRIN), as having a role to play in supporting innovation, although

one interviewee stated,

“UKRRIN and the University of Birmingham in particular have been major players in
supporting rail innovation although even this seems to be falling away as the money has

dried up.” (from Group ‘ST’)

The Global Centre of Rail Excellence (GCRE), currently in development in South Wales, was
cited by six interviewees as a facility that is desperately needed and should be supported to

facilitate more innovation for the UK railway. On this subject, one interviewee observed,
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“The GCRE is a megaproject and yet we hardly hear politicians in Westminster even talking

about it. Do they actually support it?” (from Group ‘ST’)

The role of government and client bodies

This leads into the ninth and final theme which is the role of the government and client
bodies (these are the public bodies with the buying power to deliver the railway outside of
the Department for Transport, such as Network Rail, High Speed 2, East West Rail, and

Transport for London).

Every interviewee raised this as a key issue for the UK railway innovation landscape. The
consensus view was clear — the government should play a visible leading role in encouraging
and supporting rail innovation. This should go beyond words and should take the form of
specific actions, including (but not limited to) funding, as well as using policy instruments to

reduce the barriers put up by procurement and regulations to innovation.
Interviewees comments included:

“The railway is in a long-term reform process, but innovation has barely registered in any

substantive measure.” (from Group ‘SI’)
“Innovation is always asked for but never actually supported.” (from Group ‘SI’)

“It (innovation) always seems to be a gimmick or an add-on, never really a fundamental that

is structured into the actual delivery process.” (from Group ‘OP’)

“We want to focus on buying and seeking innovations to answer tangible problems right
now, but we don’t have the ability to do that because of the current government control.”

(from Group ‘OP’)

“The demand side could drive innovation, but they won’t step up to the plate for whatever

reason.” (from Group ‘ST’)

“Institutional inertia is a massive issue. The Government and its bodies including Network

Rail and GBR have got to step up to the plate at some point.” (from Group ‘ST’)

6.4.4 Review of the findings
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Overall, the interviews provided a much richer volume of data to support a descriptive
analysis of the UK railway innovation landscape. The nine themes identified from the
gualitative data collection are helpful in enabling the research to focus, and to integrate the

source of data more effectively.

Three overarching themes came out as being of clearly more significance in acting as
barriers to the UK railway innovation landscape: (1) the culture of the industry, (2) funding,
and (3) the role of the Government (including the structure and fragmentation of the

industry).

6.5 Integration of quantitative and qualitative data and analysis

In this section, the quantitative and qualitative data is integrated and analysed, as per the

concurrent transformative mixed methods research design (discussed in chapter 3.2.5).

The primary quantitative data was collected via an online survey with 202 responses, while
the primary qualitative data was collected via in-person interviews with 43 railway

professionals.

The quantitative data provided a stark picture of the UK railway innovation landscape. The
general perspective of the UK railway is that it is not very innovative, and certainly less
innovative than its counterparts overseas, and then the automotive and aerospace
industries. The UK railway is seeing innovation across several subject areas, with
digitalisation and decarbonisation standing out as the two largest areas of opportunity

currently and likely to have the biggest impact over the next decade.

Key factors in driving innovation (i.e. potential enablers from a supply-side perspective)
were ranked as funding, then innovation support, then Government policy and regulation,
followed by technological advances and market demand. While barriers to innovation were
ranked as resistance to change (industry culture), fragmentation (industry structure), and

political uncertainty and lack of support, then followed by costs and procurement processes.

Respondents highlighted industry culture and government leadership as very clearly the two
most effective ways of accelerating UK railway innovation, with industry structure and

funding raised as the third and fourth most important factors.
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The qualitative data collection provided an opportunity to probe interviewees for a richer

picture of the UK railway innovation landscape.

The interviewees were unanimous that the railway needs to use innovation to improve
services and reduce operating costs. Additionally, the competition from other modes of
transport and the opportunity to exploit new technologies were also identified as key

reasons to innovate.

Interviewees also gave a pessimistic perspective on the current UK railway innovation
landscape, with the fragmentation of the industry (i.e. industry structure), the lack of
funding, and a lack of Government support, being key reasons for a clear majority having a

negative perception.

The key actors in the UK railway innovation landscape were identified as the Government,
Network Rail, and other client bodies — the key economic buyers of railway innovation
supply; with rail operating companies, original equipment manufacturers, and small and

medium-sized enterprises all featuring frequently.

When the discussion moved to enablers and barriers to railway innovation, the top four
factors were: industry structure, industry culture, the role of government, and funding.
Interviewees were consistent in their views on how to enable more innovation to
successfully happen —industry reform, leadership from the Government, availability of
funding, changes to procurement processes, more innovation support (with facilities and
funding to support development, testing and validation), and reducing the complexity of the
standards and the time and cost of obtaining product approvals to be able to enter the

market more easily.
From the interviews, nine recurring themes emerged:

(1) The role and purpose of innovation in rail

(2) The ability to innovate and openness to innovation
(3) Industry structure and fragmentation

(4) The culture of the rail industry

(5) Risk appetite and costs of / benefits from innovation
(6) The availability of funding

(7) The availability of skills
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(8) The availability of support and facilities

(9) The role of government and client bodies

These themes all correspond with outputs from the quantitative data collected, as

illustrated in figure 6.11.

Nine themes from qualitative data Correspondence with quantitative data

: . . . * The need for innovation to reduce costs and improve services; rail should play a leading role in addressing
The role and purpose of innovation in rail |Esswip hrough innovation (a12)

L1 CCRELeT (N8R ol T (o)=Y R T To MoTo =l [g SRR R (OB « Resistance to change being the biggest barrier to innovation (q.9) and industry culture being the most
innovation important factor to addi in L ing railinr ion (q.15)

Indust ry structure an dfra gment ation » Fragmentation/industry structure b?ing the second biggest barrier to innovation (q.9) and the third most

important factor to in ing rail innovation (g.15)
Theclitireof the rail industry . nﬁ UK rziari‘lway i§ not_cor::iilqered very |r(1::v;nve (9.1) and industry culture being the most important factor to

Risk appetite and costs of / benefits from BTt ar TSRl e d-side factors, including industry culture and structure,
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The availability of support and facilities the fifth most important factor to address in accelerating rail ion (q.15)
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The role of government and client bodies (9.9), and the second most important factor to add in ing rail i ion (g.15)

Figure 6.11: Chart illustrating correspondence between themes identified in qualitative data collection and the
quantitative data collected

The outputs and themes from the quantitative and qualitative data will next be used to

inform the case studies and are then integrated with the secondary data (the PESTLE

analysis, the analysis of internal factors, and the case studies) to undertake a detailed

critical analysis.

6.6 Chapter Summary

In this chapter the qualitative data that was collected has been set out and analysed; this
has then been integrated with the quantitative data collected to synthesise the two key
sources of primary data for this research. From the analysis of the primary data, nine key

themes have emerged (figure 6.12).
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Figure 6.12: Nine key themes influencing UK railway innovation identified from the primary data

Figure 6.11 (see above) summarises the correspondence between the nine themes

identified across the qualitative and quantitative data. In the next chapter, the research will

use case studies to collect further relevant data about railway innovation.
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7.1 Introduction

In this section, the research investigates several railway innovation projects, from both the
UK and mainland Europe, in the field of sustainable railway traction power systems. These
case studies are used to investigate and analyse the evidence and to inform the

development of the conceptual framework in the next chapter.

The topic of sustainable railway traction power systems is fruitful in the railway innovation
landscape, as an area that has received much attention over the last decade. With
environmental and sustainability awareness and concerns having significantly increased, all
modes of transport need to address decarbonisation to support the Government’s long-
term decarbonisation requirements (for example, Transport Decarbonisation Plan,

Department for Transport 2021).

The field of sustainable railway traction power systems concerns the source of the tractive
power that is used to propel trains. At present, 39% of the UK railway infrastructure is
electrified (6130km out of a total of 15849km, Office of Rail and Road 2024) — it has
overhead line equipment that provides electrical energy directly to electric trains. That
means that the majority of the UK railway route network is unelectrified and requires trains
to move under their own power — usually using diesel traction power that burns fossil fuel

and produces carbon and particulate emissions.

Traction emissions are the predominant source of greenhouse gas emissions generated by
the UK railway. For example, the UK train operating company, West Midlands Trains, runs a
mixed fleet of electric and diesel trains serving the West Midlands region, and traction
energy accounts for 94% of their scope 1 and 2 carbon footprint (ie directly incurred by

WMT operations, not including supplier activities) (West Midlands Trains 2023).

As identified in the primary quantitative data collected from the Survey, the responses to
three of the questions highlight the significance of the subject of decarbonisation and its

importance within the UK railway innovation landscape:

= |n Question 7, 52% of the respondents considered decarbonisation to be one of the
areas undergoing the most innovation in the railway industry — the second highest

area, after digitalisation/data.
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= |n Question 10, 24% of respondents (the second highest grouping) identified
decarbonisation as likely to be the area of railway innovation that will have the most
significant impact over the next ten years.

= In Question 12, the majority of responses (56%) stated that the railway already does,
or should be, playing a leadership role in using innovation to address environmental
and sustainability challenges. A significant proportion of responses specifically
mentioned sustainable railway traction systems as an area that the railway should be

focussing innovation efforts upon.

In the primary qualitative data collected from the key actor interviews, climate change was
identified as the fifth key reason for the railway needing innovation. Interviewees
frequently cited the need for decarbonisation, and the opportunity for the railway to

showcase its credentials as a sustainable form of transport.

The author’s primary experience in railway industry innovation in the field of
decarbonisation make this a relevant topic to investigate further and to provide the case

studies for this research.

7.2 UK Railway Innovation Projects

Railway traction power systems have been a longstanding subject matter for innovation.
From the invention of the steam engine and its application to railway transport, followed by
the deployment of electrical systems (the UK Southern Railway) and diesel traction (Vickers

1999).

Using the Multi-Level Perspective framework, the railway is a socio-technical regime with a
set of established social and technological norms that are well-known and understood. In
the context of traction power systems, that is currently electric traction (using either the
25kV AC overhead line equipment or the third rail 750v DC system) to power the traction
motors, or else power from diesel combustion engines utilising either electric motors or

hydraulic systems to propel trains.

However, the wider landscape has evolved due to the megatrend of climate change which
has shifted political and social perspectives towards demanding decarbonisation. This has

created opportunity for research and innovation in the field of railway traction systems to
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investigate the niche of novel sustainable traction power — such as hydrogen and battery

technologies — to provide zero emission alternatives to diesel.

This niche could trigger the technological transition away from diesel (bottom-up approach)
or Government policy could drive the established technological norms of the regime away
from diesel towards these alternatives from the niche (top-down approach) - figure 7.1

illustrates this.

Multi-Level Perspective: Innovation in Sustainable Railway
Traction Power Systems

Policy /
Mission-

Climate Ch /
imate Change difven

Net Zero/
Decarbonisation
(Innovation Demand)

Landscape

Socio-
Technical
Regime

Clean Alternative

Diesel Traction 3
mmd

Potential Technology Transition

R&D/Innovation

Innovation Suppl.
( PPY) Capability /

Technology

Figure 7.1: lllustration of the innovation model of the multi-level perspective, applied to the topic of sustainable
railway traction systems
The motivation to develop and implement innovation can come from either of these

approaches:

= Top-down approach: from the demand side, specific problems seeking solutions.
= Bottom-up approach: from the supply side, solutions designed to address identified

problems.

Using the social construction of technology’s theoretical approach, these case studies will
investigate the development of these innovation case studies within their wider network of
actors and institutions. This network of actors and institutions feeds into the multi-level

perspective analysis across all three levels:
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= At the landscape level, the demand side can identify the problem and potential
solutions and put pressure on the regime to find and deploy solutions. Using the
social construction approach, the innovation network will inform and engage at this
level to generate sufficient knowledge and awareness to start applying that
pressure.

= At the regime level, the established state of the art will be defended. The innovation
network may consider a conciliatory approach or a promotional approach, however
the role of the landscape is crucial in opening the space for an innovation to create a
technological transition.

= At the niche level, the innovation network is crucial in developing the innovation not
just as a technological sound solution, but as a feasible, practical, and commercially
viable alternative to the socio-technical regime’s established and preferred state of

the art.

The theories of multi-level perspective and social construction of technology provide a
coherent and consistent method for analysis which will be used alongside the other models

of innovation investigated earlier in the research.

This part of the research will investigate case studies from the UK and European railway

innovation landscapes over the last fifteen years to inform the analysis.

7.2.1 The Independently Powered Electric Multiple Unit (IPEMU) project

The IPEMU project saw a 4-car Class 379 electric multiple unit retrofitted with additional
traction batteries to create a hybrid drive system that could operate as a regular electric
train using the overhead line equipment, or else operate on unelectrified routes using the

battery traction power system.
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Figure 7.2: The IPEMU train on test, photo from Network Rail

The project started in 2013 and culminated in the prototype unit going on trial in early 2015
in the East of England for five weeks to obtain data from a real-world rail operating

environment.

The objective of the project was to better understand the technological potential for using
battery technology to provide power for short routes (of up to 30km) to accelerate the

phasing out of diesel and avoid the procurement of new diesel train fleets.

The project was funded by Network Rail, the Department for Transport, the Railway Safety
and Standards Board, and was supported by Bombardier (the train manufacturer), and

Greater Anglia (the train operator).

Of particular interest to this research is the role of the actors in making the innovation
project happen. The asymmetry between where the cost and risk lay in such a project
compared to where the potential benefits would sit were apparent (Rail Engineer 2015).
The key to the project was the ability to form a collaborative partnership with the

motivation to tackle the challenges for the greater long-term good of the industry.

As one of the partners said at the time,
“It is a great example of cross-industry collaboration. The cost of a demonstrator was not

feasible - it needed partnership, and that is what we got.

This idea came from the Rail Technical Strategy, and there are opportunities to look at parts

of the network that are not electrified.” (Clinnick 2015)
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This project demonstrates open innovation in action with multiple partners working
together collaboratively. It is also an example of strategic niche management (Rip & Kemp
1998) where key actors collaborate to facilitate the strategic development of technology

that they know is going to be needed in future application.

7.2.2 Chiltern Railways — Hybrid Drives

In 2022 Chiltern Railways, one of the UK train operating companies, operating out of London
Marylebone with a 100% diesel fleet, trialled two versions of a hybrid battery-diesel drive

technology with two separate rolling stock owning companies (ROSCOs).

The Hydrive project saw a Class 165 suburban diesel multiple unit, owned by Angel Trains
(the first ROSCO), being retrofitted with a Magtec hybrid drive to provide battery traction

power to the unit to cut diesel emissions and engine noise in and around stations.

The HybridFLEX project saw a Class 168 mainline diesel multiple unit, owned by Porterbrook
(the second ROSCO), being retrofitted with a MTU hybrid drive to allow the diesel unit to
run on battery power in and around stations, increased fuel efficiency by up to 25% while
also reducing CO2 and particulate emissions and noise. The unit was launched in 2022

(Chiltern Railways 2022) but was withdrawn the following year.

'v -

Figure 7.3: The HybridFLEX class 168
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In mid-2023 Chiltern Railways confirmed that both hybrid drive trial units had been
withdrawn, with the train operator citing the cost of deploying the technology making it

unviable (Railway Business UK 2023; Hunt, London Evening Standard, 8 Sept 2023).

This case study demonstrates Rothwell’s fourth generation of innovation process, with the
suppliers (Angel and Porterbrook) integrating with the train operating company in the

innovation process to undertake the development and testing activities.

7.2.3 Chiltern Railways — Hydrotreated Vegetable Oil

In 2023, Chiltern Railways launched the use of hydrotreated vegetable oil (HVO) as a fuel to
power its five mainline diesel locomotives. HVO is an alternative to diesel and is produced
from cooking oil, tallow, and other recyclable wastes, instead of being a fossil fuel. HVO also
burns more cleanly, producing fewer greenhouse gas emissions and air particulates (claimed

reductions of up to 90% and 85% respectively, Chiltern Railways press release 27 July 2023).
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Figure 7.4: Chiltern Railways Class 68 locomotive, powered by HVO

This innovation was the result of significant innovation demand from Chiltern Railways, as
the only train operator running a completely diesel-powered fleet of trains from a Central

London terminus station (Lydall, London Evening Standard, July 2023).
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Equally, this clearly illustrates an example of the pressure from the socio-technical
landscape onto the railway as a socio-technical regime to undertake a technological
transition — remove diesel railway traction power from a large mainline station in the centre

of the UK’s capital city.

7.2.4 HydroFLEX

In 2018, the Birmingham Centre for Railway Research and Education (BCRRE) partnered with
Porterbrook to scale up its traction system technology to develop a prototype demonstrator
that would be the UK’s first hydrogen-powered train (University of Birmingham 2018). The
project was motivated by the political context, with the UK government highlighting the
importance of tackling climate change — the role of legislation and standards in signalling the
demand for this technology to be developed was a key factor (Calvert et al 2021). The
technology had also been shown to be sufficiently mature from the Alstom project in

Germany (Calvert et al 2021) — this European case study is discussed below.

Nine months later, the full-size ‘HydroFLEX’ prototype demonstration unit was successfully
launched at a major industry event, showcasing the potential for this new technology to
support rail decarbonisation — which at the time, was a major political priority for rail policy

(BBC 2019, UKRRIN 2019, Hirschlag 2020).
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Figure 7.5: The HydroFLEX project team, 2019

Following two successful bids for innovation funding from the Innovate UK First Of A Kind
competitions in 2019 and 2020 (UK Research & Innovation 2020, UKRRIN 17 June 2020), the
project team were able to use the £750,000 from the two Innovate UK grants, along with
matched investment from the partners, to develop the second HydroFLEX demonstrator
unit which obtained mainline approval to operate in 2020, making it the UK’s first mainline

hydrogen train.
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Figure 7.6: HydroFLEX prototype demonstrator on mainline testing at Evesham, 2020

The unit’s innovative technology was showcased at the United Nations COP26 climate
change conference in Glasgow in November 2021 (Green Business Journal 2021, Modern

Railways 2021, Energy News Biz 2021).

Since its showcase at the COP26 conference, the unit has undergone significant
development, testing, and proving. In addition, Porterbrook have been seeking market

opportunities for the unit to go on trial in a commercial operating environment.
This project can illustrate aspects of several innovation theories in application:

= 5t Generation of Innovation Process: the partners established an integrated project
team with key suppliers and built an effective collaborative network to push the
project forwards.

= QOpen Innovation: the initial partnership quickly focused on establishing a
collaborative joint team approach with the supply chain. Key to this was an
understanding of needing a system approach to focus on the outcome while working
through all of the technical challenges within the development process.

= Mission-Oriented Innovation: the partnership was established in response to the UK
government’s challenge to the rail industry to develop technological solutions to

decarbonise railway traction systems.
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= Multi-Level Perspective: the roles of the landscape, the socio-technical regime, and
the niche can all be illustrated by this project:

o Landscape: the UK government had set legal targets and a clear ambition to
decarbonise the railway, sending a statement to the socio-technical regime
that this issue needed addressing.

o Socio-technical regime: very comfortable talking about a long-standing
process of electrifying the railway network infrastructure, but from a purely
technical perspective without consideration of the political and economic
factors.

o Niche: the innovation project of demonstrating the feasibility of retrofitting
hydrogen/battery traction onto an existing train.

= Neo-Schumpeterian theories of innovation:

o the role of actors and institutions beyond the partners were instrumental in
enabling the project. The innovation system model was key with actors and
institutions including the regulator (ORR), the standards body (RSSB), the
infrastructure manager (Network Rail), the national innovation funding
agency (Innovate UK), and politicians (including the then Secretaries of State
for Transport at the time of the project — Chris Grayling and Grant Shapps), all
playing a part in the eventual success of the project.

o the theory of evolutionary growth can also be applied. The research
underpinning this major innovation project had been started fifteen years
previously and was well-understood (Hillmansen 2003). As such, this had
been a long process to demonstration rather than a radical innovation from
out of nowhere.

= Social Construction of Technology: one critical aspect in this project was the role of
the network of actors and institutions in taking this project forwards successfully.
The work to obtain political and economic support to enable the project to proceed
as far and as quickly as it did was due to a wide range of support from actors and

institutions both within and without the collaborative project team.

The research will return to the HydroFLEX project in more detail in Chapter 10, as this

project will be used as a full case study later in the research.
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7.2.5 HydroShunter

Following the development of the HydroFLEX project, the project team from the University
of Birmingham established a spin out company to further develop and commercialise the
technology (Crampton 2024). This spin out company established a partnership with the
Severn Valley Railway, a leading heritage railway, and private investment to fund the retrofit
of a Class 08 diesel shunter locomotive with the hybrid hydrogen/battery technology to

showcase its application in a railway locomotive. (BBC News 2021, Vanguard 2024).

\HIHM‘M IR
I~ -.-\‘u‘. wele ) 8N nb s

= Ii;'ig“n‘
;]“l |

) )] |

Vanguard

Figure 7.7: HydroShunter in development at the Severn Valley Railway, provided by Vanguard Sustainable
Transport Solutions Limited, 2024
The HydroShunter locomotive project uses the modern technology of hybrid
hydrogen/battery traction retrofitted into a 70-year-old shunter locomotive to demonstrate

the practical application and opportunity for the technology to be used to decarbonise

railway operations.

Returning to our theoretical models, this project illustrates several models of innovation in

application including:

= QOpen Innovation: the project was built from an initial collaborative partnership
between Vanguard and the Severn Valley Railway, to also include the University of

Birmingham and other suppliers (Crampton 2024).
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= Mission-Oriented Innovation: the clear intent of the project was to provide a
practical demonstration of how this technology can be rapidly implemented to
decarbonise railway operations.

® |nnovation Systems: the partnership built wider support from actors including the
Clean Futures Accelerator and the Black Country Innovative Manufacturing

Organisation to support the development programme.

The research will return to the HydroShunter project in more detail in Chapter 6, as this

project will be used as a second full case study later in the research.

7.3 European Railway Innovation Projects

In mainland Europe, similar challenges are also being addressed by the railway industry.

The challenge to decarbonise railway operations is identical and has generated demand for

innovation.

7.3.1 Alstom Coradia iLint

In 2016, the global railway rolling stock and systems manufacturer Alstom unveiled the

world’s first hydrogen-powered train, the Coradia iLint (Alstom 2016). The unit was a

variation on the existing Coradia Lint regional multiple unit design, with the diesel engines

and fuel tanks replaced with hydrogen fuel cells and hydrogen storage.
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Figure 7.8: Alstom Coradia iLint, taken from Alstom website

Unlike the HydroFLEX project in the UK, Alstom had signed Letters of Intent with four
German regional authorities for the development and supply of a zero-emission multiple

unit to replace existing diesel fleets (Alstom 2016).

This development of the world’s first hydrogen train fits with Rothwell’s 4t generation of
innovation process, with Alstom developing an integrated supply chain to develop and
deliver the innovative new product to market. There is also a clear fit with the neo-
Schumpeterian theory of innovation systems with the role of multiple actors and institutions
— notably the German regional authorities as early customers - key to enabling the project

to happen.

7.3.2 FCH2Rail — an EU-funded hydrogen rail application

The FCH2Rail project was funded by the Clean Hydrogen Partnership — a European Union
Joint Undertaking - to develop a bi-modal (hybrid electric/hydrogen) multiple unit, using a
CAF-manufactured electric multiple unit as the base vehicle to develop. The project
consortium, led by the Spanish train manufacturer CAF, brought together partners from

Belgium, Germany, Spain and Portugal (FCH2Rail 2024).
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Figure 7.9: FCH2Rail demonstrator train, taken from the FCH2Rail website, credit CAF

The Clean Hydrogen Partnership is a Joint Undertaking - an entity established by Article 187
of the Treaty of the Functioning of the European Union to aid research, development, and
innovation projects in the EU. Joint Undertakings are public-private partnerships between
the EU, industry associations, companies, and other relevant organisations, established to
drive the industrial research agenda in their sector areas (EUR-Lex). The Council of the
European Union approved the establishment of nine Joint Undertakings, including the Clean

Hydrogen Partnership, in 2021 (Council of the EU 2021).

The objective of the Clean Hydrogen Partnership is to support the development of the EU
hydrogen economy, by accelerating the development of hydrogen technologies, to support
the long-term decarbonisation of the EU energy system as well as strengthening the

competitiveness of the EU in hydrogen technologies (Clean Hydrogen Partnership 2024).

The FCH2Rail project is a clear example of mission-oriented innovation policy in application.
With EU funding providing the incentive and support to enable the establishment of a multi-
national collaborative partnership of actors from the railway innovation landscape. The
partnership can be characterised as an open innovation partnership, bringing together

knowledge and expertise from multiple organisations to undertake the development
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process. Additionally, the key role of an innovation network of actors collaborating to drive
forward the technological development from a supply-side perspective, in partnership with
and directly supported by actors from the demand-side, demonstrate the importance of the

innovation system and the importance of actors and institutions.

7.3.3 Battery Electric trains from Koncar

Croatian rolling stock manufacturer, Koncar, launched their battery-electric and battery
multiple units at the Innotrans international trade fair in Berlin in September 2024. These
products were developed in response to market demand for electrified public transport
solutions; and, as with the Alstom Coradia iLint, that market demand was already
committed with HZ Passenger Transport (the Croatian national passenger rail operator)

having committed to procuring a first production unit of each vehicle in 2022 (Koncar 2022).

Figure 7.10: Koncar Battery Electric Multiple Unit at Innotrans 2024

The development of these units has been undertaken by Koncar with its suppliers in what
can be characterised as Rothwell’s 4" generation of innovation process, with an integrated

development process for the technology and its design for railway application.
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As with the Alstom Coradia iLint example, the role of the innovation system has been
important in providing an established demand side for the innovation to respond to. Using
the social constructivist theory, the battery trains project by Koncar has built up a successful
system that brings together the Croatian government, the Croatian passenger railway
operator (HZPP), and Koncar and their suppliers, to develop an innovative new product (the
innovation supply) to answer the specific innovation demand for battery technology to be

introduced onto the Croatian railway.

7.4 Chapter Summary

In this chapter, several case studies from the UK and the European Union in the field of
sustainable railway traction power systems have been identified and analysed. Learnings
from the models of innovation identified in chapter 2 have been applied to support this
analysis. In the next chapter, all the data observed and collected is synthesised and critically
analysed to inform the research and to develop a model of the UK railway innovation

landscape.
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8.1 Introduction

In this chapter, the research collates the significant volume of relevant data collected and

observed in the course of the investigation from multiple sources:

= PESTLE Analysis (external factors)

= Analysis of Rail Industry (internal factors)

= Online Survey (quantitative data — 202 responses)

= Key Actor Interviews (qualitative data — 43 interviews)

= (Case studies (UK + Europe)

The data has been integrated, and an initial descriptive analysis has been undertaken; this

analysis was used to inform several relevant case studies. The synthesis and critical analysis

of this data for the research can now be undertaken. The overall research methodology for

this project, illustrating the process for data collection, integration, and analysis is

summarised in figure 8.1.

Online Survey
(Quantitative data —
Chapter 5)

PESTLE (external
factors) analysis

(Chapter 4)
Key Actor Interviews
(Qualitative data—
Chapter 6)

Industry (internal
factors) analysis

Integration of Data

Case Studies
(Chapter 7)

Figure 8.1: Summary of research methodology

Critical Analysis
(Chapter 8.2)

8.2 Synthesis and Critical Analysis of Data Sources
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Theoretical
Framework

(Chapter 9)

Model of UK railway
innovation
landscape

(Chapter 8.3)
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To undertake a critical analysis of the data, it is useful to provide an overview of the

findings. To do this, a high-level summary has been produced that builds on the integration

of the data from the multiple sources, this is shown in figure 8.2.

PESTLE (External Factors) Analysis
Political: railway as a public good; significant public investment
requirement; role of politics and political interests / priorities;
regulations; Brexit impacts
Economic: investment requirements; economic conditions; high cost
of R&D; high railway operating costs
Social: alternative to road transport; passenger expectations; need for
connectivity; increasing population / urbanisation
Technological: opportunities for digitalisation, decarbonisation
Legal: safety-critical industry; legal requirements e.g. intellectual
property rights, data protection
Environmental: climate change; impact, adaptation, resilience

Industry (Internal Factors) Analysis
Fragmentation of the industry
Project culture focused on outputs
Risk aversion
Complexity of / resource required to obtain product approvals

Online Survey (Quantitative Data)

UK railway not very innovative, less innovative than international
counterparts and automotive / aerospace industries
Key innovation areas: digitalisation, decarbonisation

Top 3 innovation drivers: funding, innovation support, Government
policy / regulation
Top 3 innovation barriers: resistance to change, complexity /
fragmentation of industry, political uncertainty / lack of support
Top 4 factors to enable rail innovation: industry culture, Government
leadership, fragmentation / industry structure, funding

Key Actor Interviews (Qualitative Data)
Need for innovation: improve services, reduce costs, compete with
other modes of transport, exploit new technologies
Top 5 enablers / barriers to railinnovation: industry structure,
industry culture, role of Government, funding, risk appetite
Top 4 factors to enable rail innovation: industry reform, Government
leadership, funding, procurement processes

Figure 8.2: High-level summary of findings from research data

In addition to this high-level summary, the research has also identified nine themes that

emerged from the key actor interviews, which were: the role and purpose of innovation in

rail; the ability to innovate and openness to innovation; industry structure and

fragmentation; the culture of the rail industry; risk appetite and costs of / benefits from

innovation; the availability of funding; the availability of skills; the availability of support and

facilities; the role of government and client bodies.

An analysis of the findings from across the sources of data finds several core themes

emerging which can be summarised as:

(1) There are three core structural issues:

a. The structure of the industry is a barrier to innovation.

The structure and complexity of the UK railway industry, and the fragmentation of roles and

responsibilities within that, is a critical structural problem that blocks innovation.

Respondents to the online survey, and key actor interviewees, cited this as a major barrier

to innovation. The complexity of the industry makes it hard for new entrants to understand
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who does what and how it matters in the context of product approvals, market demand,
economic buying power, decision-making, and ultimately the direction of the railway in

what is considered state of the art and the technological direction of the railway.
b. The culture of the industry is not sufficiently open to innovation.

The UK railway industry is resistant to change and is a relatively closed and insular industry,
where personal relationships are a critical part of doing business. This makes not just
challenging the status quo difficult but also making bold decisions to adopt new strategies
and technologies. As one interviewee said, “challenging the orthodoxy is the hardest part!”
(from Group ‘ST’); but another was even more direct, “the industry has to accept people
that view rail as a career, and not just those with multiple generations of family history on

the railways!” (from Group ‘ST’).

Another interviewee identified the difficulty in innovations breaking into rail from small
organisations or from outside of the industry, “There is no space for pilot projects to shape
and drive innovation, innovation only seems able to come from the centre (basically from

Network Rail)” (from Group ‘SI’).

c. The nature of the railway as a public good requires active Government

support and investment, this in turn can act as an enabler to innovation.

The importance of funding cannot be understated when it comes to enabling innovation.
The cost and time required to successfully develop and commercialise innovations on the
UK railway were frequently cited as a major barrier to innovation, and also as a critical
means that could be a major enabler of innovation as well (from both the survey and

interviews).

Several interviewees raised the potential for an openness to using small pilot projects to
unlock potential innovations. The use of demand-led innovation challenges was identified
as a means of opening up prospects for the acceptance of innovations where they solved a

specific pain-point.

(2) There are three further factors that stem from those structural issues and manifest
in demand-side barriers:
a. The rail industry is too averse to risk to be able to actively drive (and benefit

from) innovation.
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Risk aversion was identified as one of the four internal industry factors that acted as a
barrier to innovation. It was also raised by the majority of key actors in interviews as a
specific industry problem. On one hand, it is a factor of the industry culture problem,
although it is tangibly manifested in the standards and product approvals regimes that set
out detailed and complex requirements which put up a significant regulatory barrier to new

solutions, particularly from suppliers with little experience of the rail sector.

It is important to refer at this point back to the online survey where respondents clearly
described the railway as less innovative than the automotive sector (83%) and the
aerospace sector (75%) — both of which are industries with strong regulatory regimes and

safety-critical operations placing requirements on suppliers and manufacturers.

b. The key barriers to innovation — product approvals, standards, testing and
validation - are too focused on mitigating risk and do not take of account of

innovation need.

Building on the previous point, a recurring theme from the key actor interviews was the
imbalance between risk and opportunity. The need for innovation to reduce costs and
improve operations was unanimous, but innovative solutions struggle to enter the market

and provide these progressive shifts forwards to accrue these benefits.

From the online survey, only 17% of respondents cited safety / standards as one of the top
three barriers to innovation, 37% listed the high costs of R&D / market entry, which is a
parallel factor in bringing innovations to market. Those high costs incorporate meeting the
requirements of the standards and safety regimes, while further including the costs of

development, testing, validation, and commercialisation more broadly.

Three interviewees went into significant detail about the history of rail regulation from the
era of privatisation, and the impact of several horrendous rail accidents that took place
(Southall 1997, Ladbroke Grove 1999, Hatfield 2000, Great Heck 2001, Potters Bar 2002)
that formed a generation of railway industry workers. All three interviewees highlighted
this period as establishing a mindset of safety-first and safety at all costs, creating a barrier

to innovation that is dogmatic rather than pragmatic.

c. The industry does not challenge itself to address structural issues that block

opportunities to develop and improve through the use of innovation.
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The third of these demand-side factors focuses on the industry itself as acquiescing to a
dogmatic approach to risk management and accepting it as the cost required to operate

safely and correctly.

Referring back to the models of innovation and the multi-level perspective, the railway
industry - as a socio-technical regime - has an established and accepted set of technological
systems and practices. These have been recognised as being sufficient to meet and manage
safety requirements. The issue is that the bar is set too high for any improvements or
adaptations to these systems. The three interviewees who went into significant detail on
the role of the early privatisation era as being a strong influencing in shaping the
requirements and expectations of a safety regime, and its role as a barrier to innovation,
reflect a constructivist interpretation of railway innovation as a human activity where
technological developments are merely the object of actors identifying problems and using
innovative solutions to solve them. This contrasts with the overriding industry culture that
sees innovation in itself as a potential risk, rather than offering potential solutions to

existing pain-points (such as the need to reduce costs and improve performance).

(3) Finally, there are three broad themes that are corresponding opportunities to
address the demand-side issues:
a. The railway has a huge opportunity to use technological advancements,
particularly around digitalisation and decarbonisation, to use innovation to

drive significant improvements and benefits.

Technological progress and the opportunities that new technologies can offer to the railway
were recognised by both the online survey and the key actor interviews as a key opportunity
to help the railway address its overarching challenges of reducing cost and improving
performance. The PESTLE analysis identified the decarbonisation credentials and
opportunities for the railway as significant across a number of relevant political, social,

technological, and environmental external factors.

The case studies investigated in chapter 7 also demonstrate the breadth of potential
opportunities for the railway to further decarbonise and provide policy options for
governments to use railway investment and support to address the issue of climate change

and the mission to address it and mitigate it.
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b. Industry reform, with the support of government, can open opportunities for
innovation by addressing the funding and fragmentation issues that block

innovation.

The fragmentation of the industry, combined with political uncertainty, creates a vacuum of
leadership and a lack of a coherent strategy for the role and purpose of the railway.
However, effective industry reform combined with firm and consistent Government support

can provide long-term certainty and clarity.

Almost all the key actors interviewed talked about the significance of the role of the
Government in enabling railway innovation, and almost all of them used the word
‘leadership’. As a public good, and a critical national infrastructure network, the railway is a
strategic asset that the Government controls and directs given its significance to the health
and wealth of the country —and has a key role in supporting a number of social, economic,
and environmental policy objectives. If industry reform can be delivered effectively, the
opportunity to incorporate design that can enable innovation is an opportunity not to be

missed.

c. Openness to innovation and reducing barriers to innovation can be overcome

through a mixture of policy instruments and initiatives.

The industry’s resistance to change was cited as the biggest barrier to innovation by online
survey respondents, while industry culture was described by the key actor interviewees as

the second biggest barrier to railway innovation (after industry structure).

While a culture evolves incrementally, the structure can be adapted more rapidly and can
be designed to create a greater openness to innovation structurally using policy instruments
and initiatives. Funding is clearly the most obvious instrument, other enablers raised by the
data include the provision of innovation support (such as peer and advice networks, better
access to relevant information, testing facilities and support, meet the buyer opportunities),
and the use of pilot projects to test and demonstrate innovative solutions to actual
problems — these were described several times by interviewees as “no regrets projects”
where the cost was relatively small for the potential gains that could be delivered. This

analysis is summarised in figure 8.3.
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3 core structural issues:
= Industry Structure
® Industry Culture
* Role of Government

3 opportunities:
= Technological advancement
= |Industry reform
= Openness to innovation, solutions

Figure 8.3: Summary of analysis

8.3 Model of UK Railway Innovation Landscape

The research has collected a significant volume of data, using mixed research methods, to
undertake a detailed analysis of the UK railway innovation landscape. The purpose of this
has been to build a model of how the UK railway innovation landscape can be described as it
is. This model is required to then build a theoretical framework of how the UK railway
innovation landscape ought to be, in order to deliver the objective of enabling more
innovations onto the railway to meet the twin political requirements of improving

performance and reducing operating costs.

The model builds from the literature review undertaken in chapter 2, as well as the data

collected and analysed in this chapter. The key premises for constructing the model are:

(1) The importance of actors, networks, and institutions, in understanding the UK
railway innovation landscape.
(2) The respective roles of the supply side and the demand side in describing how UK

railway innovation happens.
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(3) The use of the multi-level perspective framework - identifying and utilising the roles
of the landscape, the socio-technical regime, and the niches, to develop the model of
the UK railway innovation landscape.

(4) The context of the UK railway industry - incorporating the knowledge from the
outputs of the PESTLE external factors influencing the railway, the four internal
factors, the qualitative and quantitative data collected, and the historical context
and development of the railway.

In figure 8.4, the model of the UK railway innovation landscape as it currently appears is set
out.

Landscape:
UK railway as national transport infrastructure and public good (macro perspective)
UK Government + actors, institutions have roles that consider perspectives beyond solely the railway

Railway needs to improve performance & reduce operating
cost = pressure to deliver change (innovation)

Supply Side Demand Side
Established technology, state of the Established systems and processes,
art, proven to meet existing known technologies in proven safety
requirements Socio-Technical Regime: / standards regime

UK railway as a complex system
delivering passenger and freight

transport services ESTABLISHMENT

--_--_--- L n R N B B N B | L B B N B N B _§]|
CHALLENGE Potential Technological CHALLENGE

DISRUPTION
Transition
Niches: ’ Niches:

Innovation supply opportunities (new Innovation demand opportunities
solutions to solve problems, Innovation Opportunity (real pain points that need
challenges) addressing)

Figure 8.4: Model of the UK railway innovation landscape

This model of the UK railway innovation landscape reflects the learning from the data
collected and the literature review to provide a descriptive analytical model. It is very

purposefully split into two distinct sections:

(1) Above the hatched line, the ‘establishment’ section which comprises the wider
Landscape incorporating the broader context within which the UK railway operates.
This section also includes the UK railway as a distinct socio-technical regime, with
technical norms established and proven and known technologies in widespread
deployment. Furthermore, there are the supply and demand sides which are the

railway supply industry and the railway operations industry respectively, working
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together to provide passenger and freight services using the national railway
infrastructure.

(2) Below the hatched line, the ‘disruption’ section which comprises supply and demand
side innovation opportunities. The innovation supply grouping is focused on
developing solutions to problems, while the innovation demand grouping is focused
on solving real problems by identifying potential solutions. In recognising that
innovation can be driven by a combination of supply side and demand side actors,
the innovation opportunity sits in the middle looking for an opportunity to push the
technological norms forwards with the adoption of new technology by the railway

(through the process of a technological transition).
Underpinning this model is the recognition of two key learnings from the literature:

(1) The role of actors and institutions throughout the operation of this model of the UK
railway innovation landscape is vital.

(2) The importance of the role of those actors and institutions compared to the intrinsic
importance of the technology. The innovation is important because of its ability to
solve problems or pain-points for actors involved in running the railway (as a socio-
technical regime), it is not important as a means of implementing technology but

through the outcomes that the innovation delivers and the benefits it provides.

8.4 Chapter Summary

In this chapter, the data has been collected, described, integrated, and analysed. The
research has sought to establish a broad evidence base with a range of data sources used,

including:

= Primary data:

o Quantitative data from online survey

o Qualitative data from key actor interviews
= Secondary data:

o PESTLE (external factors) analysis

o Industry (internal factors) analysis

o UK and European case studies
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From this data, a model of the UK railway innovation landscape has been constructed to
provide a descriptive analysis of the current situation. In the next chapter, this model will
be used to develop a theoretical framework for UK railway innovation that can better

enable innovation to take place and be successfully realised.
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Chapter 9: Introducing the Framework

Chapter Structure
9.1 Introduction
9.2 A Conceptual Framework of the UK railway innovation landscape

9.2.1 Key inputs into the conceptual framework
9.2.2 The Conceptual Framework

9.3 Chapter Summary
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9.1 Introduction

From the work so far, the research has brought together a number of key learnings to
inform the development of a conceptual framework to be designed that builds on a model
of the UK railway innovation landscape to identify measures to enable more innovation to

successfully be introduced onto the railway.

In Chapter 2, the review of literature on innovation models and the application to the

railway identified three critical learnings:

Firstly, the importance of considering innovation supply and demand perspectives within a
broader view of the innovation system of actors and institutions who have a role or

influence in the innovation landscape.

Secondly, that innovation is a cyclical rather than linear process that can be understood
through the perspective of three layers - the landscape, the socio-technical regime, and the
niches, which group together the actors and influences in the innovation landscape.
Alongside these three layers are the phases of the innovation cycle, seen within the context
of a socio-technical regime, which are the present landscape (that could also be described
as the accepted state of the art), the design and development of the technology (supply
side) and the corresponding ‘need context’ for innovation (demand side), and the outcome
delivery as a result of the technological transition (the introduction and acceptance of

innovation, moving the state of the art forwards).

Thirdly, that there are three fundamental and concurrent parts and roles to the innovation

process cycle, described as:

(1) Technical —a supply side perspective, considering what can be done and by
whom.

(2) Contextual —a demand side perspective, considering problems that need
addressing, and what can be accepted.

(3) Institutional — a blended perspective, considering the interactions between
all relevant actors and with a broader perspective of the overarching

landscape.
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Chapter 3 built on those learnings to understand the Need, Problem, Question, and
Objective for the research that a conceptual framework can assist in providing a solution to
the research thesis. This guided our analyses of the UK railway innovation landscape to gain

a deeper understanding of the UK railway and the context for innovation.

Chapter 6 further enhanced and verified those learnings through a series of interviews with
key actors providing qualitative data, supported by a larger online survey providing
guantitative data (chapter 5). These learnings were illustrated with a number of case
studies in the field of alternative railway traction systems to analyse and understand the

range of factors impacting on innovation in this space (chapter 7).

This research is using a systems approach to the structure of the research, in this chapter

the research focuses on the Implementation section — as illustrated in the table below.

Problem: UK railway needs to reduce operating costs Verification and
AND improve performance 7 Ongoing Operation:
Need: UK railway needs to support raitway innovation Test the Framework Embedding the Framework and
Question: mc:;rgzr:t:' the UKor:iﬂtu:;y libe against the original == = = applying it to live industry examples
Objective: Develop a Framework to inform and enable Question and to further inform and enhance UK
more innovation to be undertaken in supporting UK Obijective for the railway innovation activities

railway to reduce operating cost/improve performance research

Observation and Analysis:
Analysis of the UK railway context, use
of case studies, and comparative
analysis of adjacent industries
Analysis of relevant factors impacting
on UK railway and innovation

T n ion:
Use of case studies to test the Model
and the Framework to validate them

Implementation:
Develop a model of the UK railway
innovation context
Develop the Framework to support
and enable more innovation to be
successfully introduced onto the UK
railway

Figure 9.1: Systems approach to this research (with relevant section for Chapter 9 highlighted)

Chapter 8 concluded with the design of a model of the UK railway innovation landscape,
that was designed to illustrate and summarise how the UK railway landscape can best be

described using the learnings from the research (see figure 8.4, reproduced below).
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Landscape:
UK railway as national transport infrastructure and public good (macro perspective)
UK Government + actors, institutions have roles that consider perspectives beyond solely the railway

Railway needs to improve performance & reduce operating
cost = pressure to deliver change (innovation)

Supply Side Demand Side
Established technology, state of the Established systems and processes,
art, proven to meet existing known technologies in proven safety
requirements Socio-Technical Regime: / standards regime
UK railway as a complex system
delivering passenger and freight

transport services ESTABLISHMENT

CHALLENGE Potential Technological CHALLENGE DISRUPTION

Transition

Niches: . Niches:

Innovation supply opportunities (new Innovation demand opportunities
solutions to solve problems, Innovation Opportunity (real pain points that need
challenges) addressing)

Figure 8.4: Model of the UK railway innovation landscape

9.2 A Conceptual Framework of the UK railway innovation landscape

The objective of this research is to develop a conceptual framework of the UK railway
innovation landscape that can enable the more successful introduction of innovation onto
the railway (section 1.3 and Research Question 5). In this section, the findings from the

literature review and all the data collected will be used to create this framework.

9.2.1 Key inputs into the conceptual framework

The inputs into the conceptual framework to aid the design are now summarised in two
parts, firstly the theoretical inputs from the literature review in chapter 2, and then the data

inputs from the observation and analysis in chapters 4-7.

9.2.1.1 Theoretical inputs

Key outputs from the literature review were derived from several theories and models of
innovation including open innovation, mission-oriented innovation, the multi-level

perspective, innovation systems, and social construction.

Enabling innovation on the railway: a critical approach 197



The conceptual framework must recognise the importance of considering innovation supply
and demand perspectives within a broader view of the innovation system of actors and
institutions who have a role or influence in the innovation landscape. The role of actors and
networks within railway innovation is critical to understanding and explaining both how

innovation actually happens, as well as where the barriers and enablers exist.

The framework must also recognise that innovation can be viewed as a cyclical rather than a
linear process with three layers — the landscape, the socio-technical regime, and the niches -
which support the identification and roles of the relevant actors and their influences in the

innovation landscape.

Additionally, three phases of the innovation cycle can be identified, seen within the context
of a socio-technical regime — the present landscape or state of the art which is the
established technology that is used and understood by the socio-technical regime, the
development phase of both the technology (supply side) and the commercial context
(demand side) that provide the opportunity for the innovation to enter the landscape, and
the successful introduction of the innovation delivered onto the railway. Crucially, as a
result of that successful introduction, the innovation sets a technological transition whereby
it moves from a technical niche to establish a new state of the art and therefore becomes an

established technical norm within the socio-technical regime - this is illustrated in figure 9.2.

Development
Supply side —technical focus
Demand side - commercial focus

Delivery
Innovation is introduced and
Technological establishes new norms
Transition (innovation
moves from niche to
state of the art)

The Present Landscape (state of
the art)

Figure 9.2: Three phases of the innovation cycle
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Alongside those three phases of the innovation cycle, there are three fundamental and

concurrent parts or roles to the innovation process. Firstly, there is the technical role —a

supply side perspective, considering what can be done and by whom to develop and deliver

improvements to the current state of the art. Secondly, there is a contextual role —a

demand side perspective, considering the problems that need addressing, the commercial

need, and the pragmatic perspective of what can be accepted. Finally, there is an

institutional role — this can be described as a blended perspective, considering the roles,

requirements, and interactions between all relevant actors and networks within the broader

perspective of the overarching landscape (beyond just the socio-technical regime).

9.2.1.2 Data inputs

Key findings from the data were generated across the full range of data inputs collected and

are summarised in figure 8.2, reproduced below.

PESTLE (External Factors) Analysis
Political: railway as a public good; significant public investment
requirement; role of politics and political interests / priorities;
regulations; Brexit impacts
Economic: investment requirements; economic conditions; high cost
of R&D; high railway operating costs
Social: alternative to road transport; passenger expectations; need for
connectivity; increasing population / urbanisation
Technological: opportunities for digitalisation, decarbonisation
Legal: safety-critical industry; legal requirements e.g. intellectual
property rights, data protection
Environmental: climate change; impact, adaptation, resilience

Industry (Internal Factors) Analysis
Fragmentation of the industry
Project culture focused on outputs
Risk aversion
Complexity of / resource required to obtain product approvals

Online Survey (Quantitative Data)

UK railway not very innovative, less innovative than international
counterparts and automotive / aerospace industries
Key innovation areas: digitalisation, decarbonisation

Top 3 innovation drivers: funding, innovation support, Government
policy / regulation
Top 3 innovation barriers: resistance to change, complexity /
fragmentation of industry, political uncertainty / lack of support
Top 4 factors to enable rail innovation: industry culture, Government
leadership, fragmentation / industry structure, funding

Key Actor Interviews (Qualitative Data)
Need for innovation: improve services, reduce costs, compete with
other modes of transport, exploit new technologies
Top 5 enablers / barriers to rail innovation: industry structure,
industry culture, role of Government, funding, risk appetite
Top 4 factors to enable rail innovation: industry reform, Government
leadership, funding, procurement processes

Figure 8.2: High-level summary of findings from research data

Building on this summary, the conceptual framework recognises the role and influence of

the key actors in the UK railway innovation landscape, alongside identifying the relevant
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barriers and enablers that play significant roles in the successful introduction of innovation

onto the UK railway.

Across the data collected, the central recurring themes were clearly identifiable as six key

factors that influence the success of UK railway innovation — the structure and

fragmentation of the UK railway industry, the culture of the UK railway industry, the role of

the UK Government, the need for funding, the appetite for risk, and the need for innovation

support. Table 9.1 sets out these themes.

Key Themes

Data sources

The structure and fragmentation

of the UK railway industry

The PESTLE analysis raised this as a political issue.
This was also identified as an internal factor for the

industry.

The quantitative and qualitative data both

highlighted this as a major factor.

The culture of the UK railway

industry

This was identified as an internal factor for the

industry.

The quantitative and qualitative data both

highlighted this as a major factor.

The role of the UK Government

The PESTLE analysis raised this as a political issue.

The quantitative and qualitative data both

highlighted this as a major factor.

The need for funding

The PESTLE analysis raised this as a political and

economic issue.

The quantitative and qualitative data both

highlighted this as a major factor.

The appetite for risk

This was identified as an internal factor for the

industry.
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The quantitative and qualitative data both

highlighted this as a major factor.

industry.

The need for innovation support | This was identified as an internal factor for the

The quantitative and qualitative data both

highlighted this as a major factor.

Table 9.1: Six key factors influencing success of UK railway innovation

These six factors combined enable a conceptual framework to be produced that utilises the

model of how the UK railway innovation landscape is to address the barriers, highlight the

potential enablers, and create a framework for how to enhance the opportunities for

successfully introducing innovation onto the UK railway.

9.2.2 The Conceptual Framework

9.2.2.1 A Current Framework

The proposed conceptual framework builds on the model of the UK railway innovation

landscape (see figure 8.4 above). To begin with, the model is adapted to create a

framework of the current UK railway innovation landscape (see figure 9.3 below).

Influence / Lobbying Landscape
from innovation
niches

Innovation Niches UK Railway
(Supply / Demand side) (socio-technical regime)

Funding needed here

(UK railway within wider contex

..................................................... Government is critical

(whole development
phase)

Innovation Support

Structure of industry +
Industry culture

needed here (technical
stream)

Pressure / demand
e — from wider landscape
for rail innovation

Role of UK

here

Technological Transition (all
| streams have a role to play)

Development

Risk appetite is critical
here (contextual,
commercial stream)
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) Innovation cycle (demand side -
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Innovation cycle (actors -
institutional stream)
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Figure 9.3: A current framework of the UK railway innovation landscape

This framework provides a conceptual analysis of how UK railway innovation currently takes
place, building on the models and theories of innovation from chapter 2 and the

observation and analysis of the data collected in chapters 4-7.

The three streams of activities and actors are highlighted within the phases of the

innovation cycle:

= The innovation supply side, comprising the technical and commercial capabilities and
objectives that drive the development of innovative solutions to move technical
norms forwards to deliver an improved railway (ie better services, reduced operating
costs, better safety and reliability).

= The innovation demand side, comprising the operational and commercial capabilities
and objectives that deliver railway services to passenger and freight customers. This
contextual stream is the delivery of the operating railway as required by the UK
Government for the greater good of the country as a critical piece of national
infrastructure.

= The institutional stream that comprises the wider stakeholders and interests in
railway innovation, comprising actors with roles and influence on either or both of
the supply and demand sides, including researchers, investors, politicians, local
government, the media, and many others who can have an influence on the railway

innovation landscape.

The innovation niches are drawn out from the model as playing a key driving, disruptive role
in placing innovation on the agenda of both the railway sector (as a socio-technical regime)
and the wider landscape (ie political and other actors who have significant influence on the
likely prospects of innovations being considered). As shown in the model (figure 8.4), these
niches are not just supply-side inventors but can also include demand side disruptors who
need solutions to address real or potential problems. The demand side niches are
particularly key in the rail sector as a counterweight to the clearly identified issue of the
culture of the rail industry being particularly resistant to change (strongly identified in the

guantitative data, as well as the qualitative data).
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The six key factors influencing the success of UK railway innovation (see table 9.1) are also
highlighted within this framework. Four of these factors are specific functions within the
innovation cycle, three of which (funding, risk, innovation support) are generic to many
other sectors, while the fourth (role of UK Government) is key to rail and a number of other
industries (for example aerospace) where there is a significant legal and regulatory role for
the Government across the sector. The other two factors (industry structure and industry
culture) are identified as major systemic issues that play an influential role throughout the

innovation cycle and are a specific issue to the UK railway industry.

9.2.2.2 A Conceptual Framework

From the current framework of the UK railway innovation landscape, a conceptual
framework that can address the identified issues and provide an enhancement to the likely

success of innovation can now be constructed.

This conceptual framework has three fundamental areas to address within the current
framework to provide the shift towards greater support and enabling of innovations to

break through and be introduced onto the UK railway.

Firstly, the structure of the railway must be addressed. The fragmentation of the sector and
the misalignment of costs and benefits, as well as responsibilities and opportunities, are

systemic barriers to successful innovation.

Secondly, the backing for innovation must exist. This element is a mix of both culture and
instruments. The culture of the industry stems, to a certain extent, from the issues with the
structure — improved alignment of responsibilities and incentives can foster a more
supportive culture towards innovation; this can also address the aversion to risk and the
project output focus that was also identified as an internal factor influencing innovation.
The instruments to enable innovation include the availability of funding, a drive to initiate
pilot projects to test and demonstrate innovation opportunities, and wider innovation
support such as innovation expertise to drive innovation projects through development
more quickly and efficiently, testing and validation facilities and support, and

commercialisation and market entry support.
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Thirdly, an openness to innovation and a positive culture of change needs to be embedded
within the industry. This reflects the two major systemic issues — industry culture and
industry structure — as well as the critical role of the UK Government and its overwhelming
influence on the UK railway. The role of innovation to deliver tangible improvements that
are required by the Government as the ultimate owner, funder, and controller of the UK
railway is patently clear. That innovation is not necessarily just new products and solutions
but also incorporates opportunities to develop and deploy innovation in policy, funding and
financing mechanisms, business cases, legal and regulatory requirements, technical

standards, product approvals, and so on.

Figure 9.4 sets out the proposed conceptual framework.

Systemic - Increased Direct feedback loop to the
integration / interfaces ) wider landscape (benefits
between the three layers | .. realisation to address external

of actors / activities LANDSCAPE (political, economic) factors

Improved feedback loop to the
socio-technical regime
Systemic - Increased UK RAILWAY ... (enable more

. . X % experimentation, potential
!nteract_lon with actu.a.l (SOCIO-TECHNICAL REGIME) opportunities for deployment)
innovation opportunities

Direct feedback loop to the
innovation niches (positive
| demand signals for more
innovation activity)

INNOVATION CYCLE INNOVATION CYCLE

(DEVELOPMENT) P (DELIVERY)

; Innovgtion cycle (supply side -
technical stream)

Increased focus on cyclical rather than linear process / - -
Greater use of rapid trialling and development / Greater — Innovation cycle (derr'land side -
openness to pilots to “try out’ innovations / Practical contextual, commercial stream)
risk mitigation used to enable experimentation Innovation cycle (actors -
institutional stream)

Figure 9.4: The conceptual framework

The framework uses the innovation cycle model and purposefully incorporates the multi-
level perspective as well as using learning from the innovation systems and social
construction theories of innovation. Importantly, the potential for open innovation and

mission-oriented innovation to drive supply and demand innovation activities respectively is

also clearly possible.

The framework addresses the two major systemic issues (industry structure and culture) by

factoring in the opportunity for more direct interfaces between the development phase of
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the innovation cycle and the present context, particularly by a wider set of actors and
especially the wider landscape the broader range of stakeholders within the institutional

stream.

The development and delivery phases of the innovation cycle are structured as ongoing
loops that must enable greater and more rapid innovation activity, focusing on providing the
funding and space for more experimentation. A critical gap within the industry culture is the
trust and confidence to be able to experiment with potential solutions to give them the

opportunity to be proven at an earlier stage of the development cycle.

The final phase of delivery and technological transition as new solutions are adopted
requires a much stronger focus on assessing, measuring, and disseminating the realisation
of benefits and practical outcomes derived from the innovation deployment. This element

consists of three levels of feedback:

= Firstly, the feedback at the institutional level — that the innovation deployment has
delivered tangible benefits, enabling the Government in particular to see the railway
delivering improvements and providing credible evidence of success in using
innovation to deliver the sought after outcomes (i.e. improved performance and/or
reduced operating costs).

= Secondly, the feedback at the socio-technical regime level — that the innovative
solutions have delivered benefits, and also that the process has enabled successful
innovation. This is a key element in addressing the issue of industry culture and
generating a shift in mindset from resistant to enabling.

= Thirdly, the feedback to the innovation niches — these are key in providing positive
signals that innovation is wanted and needed, and that the risk in undertaking

innovation is justified by the existence of tangible demand for new solutions.

The conceptual framework is purposefully simple in structure (a 3x3 matrix) and can be

broken down into component parts:

Temporal — three phases of the innovation cycle — these are shown in dark blue (the boxes

titled Landscape, Development, and Delivery).
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Present context, the use of the state of the art, delivering the existing technology
within established technical norms.

Development — the push/pull for innovation from the supply/demand sides to
address real problems, incorporating product development and testing, from both
the technical and commercial/operational contexts.

Delivery — the commercial and operational deployment of innovative solutions, and
their integration onto the railway. Importantly, from here there is a clear feedback
loop into the present context — this is the technological transition, where the
innovative solution metamorphoses into the technical norm and becomes the

established state of the art.

System layers —three streams of actors and roles — these are illustrated by the arrows

moving round the cycle (green, blue, and red) reflecting the different groups of actors and

their respective roles.

Supply side (technical stream) — developing and promoting innovative solutions to
improve the performance of the railway.

Demand side (commercial, contextual stream) — operating the railway and
experiencing the issues that innovative solutions aim to solve.

Actors (institutional stream) — broader set of roles with influence on supply and

demand sides, including the Government and a range of other external stakeholders.

Structural — three levels within the railway innovation environment — these levels are

reflected at the Landscape element of the framework, as the ‘starting point’ of the analysis

utilised by the conceptual framework.

Landscape — the overarching context that the railway has a role within as critical
national transport infrastructure, influenced by the external factors set out in the
PESTLE analysis (see chapter 4).

Socio-technical regime — the UK railway as a complex system itself, with a set of
established institutions and norms.

Niches — the drivers of innovation and disruption within the railway.
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The proposed conceptual framework synthesises the learnings from the research and
creates a simplified method for providing a structured insight of how UK railway innovation
happens, focusing on key areas where the introduction of innovation can be de-risked and

enabled to enhance its likelihood of success.

9.3 Chapter Summary

In this chapter, the proposed conceptual framework has been set out and described. In the
next chapter, it will be tested and validated using a case study from chapter 7 in the field of

sustainable railway traction power systems.
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Chapter 10: Testing the Framework

Chapter Structure

10.1 Introduction

10.2 Practical application of the conceptual framework to the case study

10.3 Chapter Summary
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10.1 Introduction

In this chapter, the research will undertake a practical application of the proposed
conceptual framework to test and validate it. The HydroFLEX and HydroShunter case
studies from chapter 7 will be used to illustrate the framework in the field of innovation in
sustainable railway traction power systems. Figure 10.1 sets out how this fits within the

systems approach to this research.

Problem: UK railway needs to reduce operating costs Verification and
AND improve performance
Need: UK railway needs to support railway innovation
Question: How can more innovation successfully be
introduced onto the UK railway
Objective: Develop a Framework to inform and enable
more innovation to be undertaken in supporting UK

railway to reduce operating cost/improve performance

Ongoing Operatjon:
Embedding the Framework and
applying it to live industry examples

to further inform and enhance UK
railway innovation activities

Test the Framework
against the original
Question and
Objective for the
research

Observation and Analysis:
Analysis of the UK railway context, use
of case studies, and comparative
analysis of adjacent industries
Analysis of relevant factors impacting
on UK railway and innovation

Testing and Validation:
Use of case studies to test the Model
and the Framework to validate them

Implementation:
Develop a model of the UK railway
innovation context
Develop the Framework to support
and enable more innovation to be
successfully introduced onto the UK
railway

Figure 10.1 Systems approach to this research (with relevant section for Chapter 10 highlighted)

10.2 Practical application of the conceptual framework to the case study

The conceptual framework is now applied to the topic of innovation in sustainable railway
traction power systems, and specifically the development of hydrogen traction power as a
new solution to decarbonise the railway. The author has been practically involved with this
case study over the last seven years as part of the research and innovation team that
delivered the HydroFLEX project, that then formed a company to further develop and
exploit the knowledge commercially, and the subsequent development of the HydroShunter

project.

In 2016, Alstom launched the world’s first hydrogen-powered train (see chapter 7.3.1)

which captured the attention of the global rail industry as an opportunity to accelerate
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decarbonisation of the railway by phasing out diesel trains more quickly without the need

for substantial investment in complete electrification of all railway infrastructure.

Subsequently, the UK Government expressed real interest in the potential application of this
technology to the UK railway. InJune 2018, the then-Secretary of State for Transport, Rt
Hon Chris Grayling MP, met with the University of Birmingham team (including the author)
to see a narrow-gauge hydrogen-powered locomotive to demonstrate the technological
potential of hydrogen as a viable alternative to diesel as a source of traction power for the

railway.

Figure 10.2: University of Birmingham team demonstrating ‘Hydrogen Hero’ to the UK Secretary of State for
Transport at Rail Live 2018

The University team subsequently partnered with Porterbrook to scale up the traction
technology to develop a prototype demonstrator of a full-sized railway rolling stock unit
that would become the UK’s first hydrogen-powered train — HydroFLEX that was successfully
operated at Rail Live 2019. The unit was subsequently developed further, having
successfully obtained innovation funding from Innovate UK, the Government’s innovation
funding agency, alongside significant matched private investment from Porterbook to
enable a full operational demonstrator to obtain mainline approvals and become the UK’s

first mainline hydrogen train in 2020.
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The HydroFLEX project has been ongoing for seven years. In 2025, the unit is in private
operation and Porterbrook are seeking a commercial operator. However, external factors
have played a significant role in stymying the deployment of this vehicle and the wider

application of the technology in the UK.

Up to 2022, the UK Government had indicated tangible support for hydrogen as a
technology to be applied to the railway — for example, in the Transport Decarbonisation Plan
(Department for Transport 2021) and the Traction Decarbonisation Network Strategy

(Network Rail 2020). This support however diminished due to three factors:

=  Firstly, the external political and economic factors of limited public investment
available to support the railway

= Secondly, the impact of the covid pandemic significantly reduced rail patronage and
farebox revenue, requiring significant public subsidy just to keep the railway running
— this pressure focused available investment on operations and maintenance alone,
but left little for significant upgrades.

= Thirdly, the ongoing planning for rail reform and the future introduction of Great
British Railways provided a primary focus for rail policy, as well as a planned change
of actors and roles with responsibility for innovation to come, creating a hiatus for

rail innovation at the time.

Following the development of the HydroFLEX project, the team established a partnership
with the Severn Valley Railway, to retrofit a Class 08 diesel shunter locomotive with the
hybrid hydrogen/battery technology to showcase its application in a railway locomotive —
the HydroShunter project. The aim of this project was to demonstrate the practical
application and opportunity for the technology to be used to decarbonise railway
operations, and for the team to have greater control to showcase the technology to the

market.

The HydroShunter was launched in early 2025 to the market (Rail Business UK 2025) with
the aim of generating explicit market interest in a practical solution that was commercially

available for use.
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Figure 10.3: Launch photo of HydroShunter at Severn Valley Railway (January 2025)

The HydroFLEX and HydroShunter projects are closely linked, with the same core team
(including the author of this research) involved in both major innovation projects. These
projects will together provide the case studies to test and validate the practical application

of the conceptual framework (in figure 9.4, reproduced below).
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Figure 9.4: The conceptual framework

To test and validate the framework, it is proposed to work through the component parts of
the 3x3 matrix, in order - the three phases of the innovation cycle; the three system layers

(the actors/roles); and the three structural layers of the railway innovation environment.
(i) The three phases of the innovation cycle

The state of the art for railway traction systems in the UK at the time was a straight choice
of electric traction where the infrastructure was electrified, or else diesel traction. In the
wider context, transport decarbonisation was a key issue as the transport sector was the
leading emitter of greenhouse gases. Railway infrastructure electrification was progressing
extremely slowly, and the industry had lost credibility with the Government in delivering
electrification effectively after the Great Western Electrification Programme had run

significantly over time and budget.

The demand for alternative traction decarbonisation options existed, and the relevant
actors and institutions expressed interest in seeing this developed. This was evidenced by
the provision of Innovate UK funding and private funding for the HydroFLEX development
work, and private funding for the HydroShunter project. The availability of funding and the

political and institutional interest in both projects enabled their progression, while the
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development activities were enabled through an open innovation approach that brought in
a wide range of expertise from across rail and hydrogen technology capabilities to

collaborate in the effective delivery on the innovation projects.

With both products delivered, the key phase is the deployment and commercial application
of the technology. While not yet state of the art in the UK, hydrogen and battery traction
systems are becoming more widely adopted across Europe with hydrogen trains operating
in Germany and soon to be operating in France and Italy, as well as in California, and with
demonstrations undertaken in several other countries including Canada, Spain, Portugal,

Netherlands, and Austria.

These market activities provide the feedback loops demonstrating the practical
implementation and benefits of introducing the technology. They also give confidence to
innovation suppliers that there is market demand for investing in the further development

of products to support the wider adoption of the technology.
(ii) The system layers (the three streams of actors and roles)

The innovation supply side (the technical stream) in this practical application is the project
delivery team and their broad range of collaborators and suppliers. Both projects used open
innovation partnerships to drive the technical development to attempt to open the market

by showing the capability and readiness of the technology for operational deployment.

The innovation demand side (the commercial, contextual stream) consists of the rail
operators and infrastructure managers who need to deliver a decarbonised railway. The
pressure remains on the railway to achieve net zero operations by 2050 and there is a clear

need for the technology to be developed and deployed to achieve that objective.

The actors and stakeholders who comprise the institutional stream have a key role in these
case studies. The political and economic external factors provide the policy demand and
public funding that enabled the HydroFLEX project to secure the necessary investment to

proceed (totally several millions of pounds over several years).

(iii) The Structural elements (the three levels within the railway innovation

environment)
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The wider landscape within which the railway operates is key to driving both hydrogen
railway traction system projects. Political objectives to deliver environmental

improvements to address climate change enabled economic support for these projects.

The UK railway as a socio-technical regime generally remains wedded to infrastructure
electrification as the primary (and quite often viewed as the only) solution to decarbonise
railway operations. However, this is not a pragmatic position to take as the rate of
electrification is in no way likely to deliver a decarbonised railway in the timescales
demanded from political stakeholders. The pressure from the wider landscape to pursue
alternative traction technologies has been critical in pushing forward the development and

testing of this technology.

The project team have driven the innovation niche for hydrogen traction power with
partners and collaborators. As a disruptive influence, the team have worked to prove the
applicability of the technology to attract economic and political support for the deployment

of the technology.

Referring back to the conceptual framework, there are several observations that are

relevant:

= At the start of the HydroFLEX project, there was a clear alignment across the three
layers of actors and institutions — the push for transport decarbonisation was clearly
coming from the UK Government (the wider landscape), and this was understood
and accepted by the UK railway industry (the socio-technical regime). The rail
industry was broadly open to new technologies, albeit with a clear preference for
using the established technology of infrastructure electrification as the default
option. The innovation niches were motivated and developing alternative solutions
to support this ambition.

= The innovation niches had a relatively broad alliance across the supply side, demand
side, and the institutional side, with a recognition that the novel solutions of battery
and hydrogen could play a key role in delivering rail decarbonisation more quickly
and cost-effectively. With the global manufacturers, Alstom followed by Siemens

and CAF, all pursuing these technologies, the innovation niches in the UK knew that
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this technological transition was not too disruptive to be actively considered and
pursued.

The field of sustainable traction systems (and equally digitalisation data) does have
greater systemic integration and interfaces across the three layers of actors and
institutions — the supply and demand sides are actively pursuing the digitalisation
and decarbonisation agendas for rail. Given the third institutional layer has stated
clear support, then it is apparent that the importance of that positive system-level
interaction and integration is key to enabling innovation to be pursued.

However, moving through the innovation cycle is more complicated as active
support from across the three layers of actors remains vital and to go beyond words.
At this point, more tangible enablers are required — funding, practical support, and
active sponsorship of finding solutions to real problems. The HydroFLEX received
public funding and vocal political support, the HydroShunter project was much less
high profile. This highlights the importance of innovation project momentum —
whereby project funding, practical support, and explicit demand is clearly available
to pull a project through the cycle.

Finally, the framework places great importance on the feedback and learning from
innovation activity into each of those three layers. For HydroFLEX, the supply side
learning has been significant with the project partners and supply chain learning a
huge amount about the technology and about how to deploy it on the railway. The
learnings have not yet reached the other streams as clearly — the demand side are
receiving learnings, but key messages would include feedback on how to enable
more innovation to increase the learning and verification of the technology and its
applicability to various parts of railway operations. This would also be valuable to
support the institutional stream in developing long-term strategy for the railway and

broader rail policy development.

The framework draws out the key issues from the case study beyond the merely technical

discussion of how to develop new solutions to address real problems. In particular,

disruptive innovation is difficult to deploy onto the railway and the reason for this is the

complexity of the railway landscape and the importance of the demand and institutional

layers of actors who are key enablers or barriers.
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10.3 Chapter Summary

In this chapter, the framework has been tested and verified using the case study of two
hydrogen traction system innovation projects in the UK. These projects are valuable
examples to use as they are recent examples of disruptive innovation requiring significant
development for specific railway application. They clearly illustrate the importance of
actors and institutions in UK railway innovation, and that it is not a transactional or simple
commercial project to introduce innovation onto the railway, but in fact requires a much
wider understanding of the UK railway as a complex system of operations, regulations, and

actors and institutions.
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Chapter 11: Verification and Conclusions

Chapter Structure

11.1 Introduction

11.2 Verifying and validating the research

11.3 Recommendations of this research

11.4 Limitations of this research and recommendations for future research

11.5 Contributions of this research to knowledge

11.6 Final comments
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11.1 Introduction

In this final chapter of the research, the Conceptual Framework and case study are reviewed
with reference to the observations and critical analysis from the preceding chapters and
referring to the research objectives and questions. The conclusions from this review also
identify areas for further research to further develop the framework and enhance our

understanding in the field of railway innovation.

Referring to the research approach (chapter 1.5), the area highlighted in figure 11.1 sets out

the objectives for this chapter to complete the systems model deployed for this research.

Problem: UK railway needs to reduce operating costs Verification and
AND improve performance : Ongoing Operation:
Need: UK railway needs to support railway innovation Test the Fram rk beddi
Question: How can more innovation successfully be St. ° m Em_ - ing _1ha_ Framework and
Eiroticedome the I iay - against the original ~ |mes mee applying it to live industry examples
Obiective: Develop a Framework to inform and enable Question and to further inform and enhance UK
more innovation to be undertaken in supporting UK Obijective for the railway innovation activities

railway to reduce operating cost/improve performance research

b

A

Observation and Analysis:
Analysis of the UK railway context, use
of case studies, and comparative
analysis of adjacent industries
Analysis of relevant factors impacting
on UK railway and innovation

Testing and Validation:
Use of case studies to test the Model
and the Framework to validate them

Implementation:
Develop a model of the UK railway
innovation context
Develop the Framework to support
and enable more innovation to be
successfully introduced onto the UK
railway

Figure 11.1: Systems approach to this research (with relevant section for Chapter 11 highlighted)

11.2 Verifying and validating the research

The research started out with the hypothesis that the UK railway needs to better enable
more innovation to meet the major challenges it currently faces (the need to both improve
performance and reduce operating costs). The conclusions from this research focus on
developing new knowledge around whether innovation in rail is currently effective, how

support could be better designed to enable greater likelihood of successful outcomes, and
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on whether current investment and organisations involved are effective in delivering

innovation for the railway.

To verify the research outputs, the original five research questions from chapter 1 will be

answered in turn:

= RQ1: How is innovation currently supported and enabled, or not, to be introduced

onto the UK railway?

The quantitative and qualitative data provided a rich base of evidence to describe the
current UK railway innovation landscape. At present, the UK railway introduces innovation
when there is clear demand and confidence to proceed — bearing in mind several key issues
that were highlighted by the data, which included the structure and fragmentation of the
industry, the culture of the industry and resistance to change, the availability of funding, risk
aversion, and the alignment of benefits and costs. The research identified Innovate UK
funding as a key enabler but that the railway sector is not well-supported in R&D funding for

innovation projects, especially compared to the automotive and aerospace sectors.

The role of the UK Government is key in supporting the development and introduction of
innovation onto the UK railway, and the current planned reforms are intended to address

this and many of the other issues raised by the data.

= RQ2: What are the critical factors that act as either enablers or blockers to

innovation successfully being introduced onto the UK railway?

The research collected a significant quantity of data using mixed research methods. These
sources incorporated an analysis of external and internal factors impacting railway
innovation, quantitative data from an online survey, qualitative data from key actor
interviews, and further data from a literature review, the use of several relevant case

studies, as well as the author’s first-hand experience.

The outputs from the research that identified the critical factors is summarised in figure 8.2

(reproduced below).
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PESTLE (External Factors) Analysis
Political: railway as a public good; significant public investment
requirement; role of politics and political interests / priorities;
regulations; Brexit impacts
Economic: investment requirements; economic conditions; high cost
of R&D; high railway operating costs
Social: alternative to road transport; passenger expectations; need for
connectivity; increasing population / urbanisation
Technological: opportunities for digitalisation, decarbonisation
Legal: safety-critical industry; legal requirements e.g. intellectual
property rights, data protection
Environmental: climate change; impact, adaptation, resilience

Industry (Internal Factors) Analysis
Fragmentation of the industry
Project culture focused on outputs
Risk aversion
Complexity of / resource required to obtain product approvals

Online Survey (Quantitative Data)

UK railway not very innovative, less innovative than international
counterparts and automotive / aerospace industries
Key innovation areas: digitalisation, decarbonisation

Top 3 innovation drivers: funding, innovation support, Government
policy / regulation
Top 3 innovation barriers: resistance to change, complexity /
fragmentation of industry, political uncertainty / lack of support
Top 4 factors to enable rail innovation: industry culture, Government
leadership, fragmentation / industry structure, funding

Key Actor Interviews (Qualitative Data)
Need for innovation: improve services, reduce costs, compete with
other modes of transport, exploit new technologies
Top 5 enablers / barriers to rail innovation: industry structure,
industry culture, role of Government, funding, risk appetite
Top 4 factors to enable rail innovation: industry reform, Government
leadership, funding, procurement processes

Figure 8.2: High-level summary of findings from research data

Six key factors were identified from the data as being critical in influencing the success of UK

railway innovation:

(i) the structure and fragmentation of the UK railway industry

(ii) the culture of the UK railway industry

(iii) the role of the UK Government
(iv) the need for funding
(v) the appetite for risk

(vi) the need for innovation support.

= RQ3: Who are the key actors involved in UK railway innovation?

The key actors involved in UK railway innovation were identified in chapter 2 and are

summarised in figure 2.5 (reproduced below).
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Regional Bodies:
Transport for the North
West Midlands Rail Executive
Other regional transport bodies

+
INSTITUTIONS

Other Public Bodies:
ORR, RAIB
RSSB, Transport Focus

Government:

UK Department for Transport
(plus DBT, DSIT, DENZ)
Transport for Wales
Transport Scotland

Rail Innovation
Range of actors and
stakeholders involved

Passenger Train Operating
Companies
Freight Operating Companies
Rail Delivery Group
Rail Freight Group

DEMAND

4

Infrastructure Managers: Un:the neax futrR)

Network Rail
High Speed 2

Innovation Support:
Innovate UK
Investors

\/

Supporting Organisations:
Academia / UKRRIN
Trade Associations (RIA, Rail
Forum)

SUPPLY

Rail Supply Industry:
OEMs, Tier 1s
Suppliers / SMEs
Rail Supply Group

ROSCOs:

High Speed 1 Rolling stock owning companies

East West Rail

Figure 2.5: Diagram illustrating UK railway innovation landscape actors

= RQ4: Can we create a model of the UK railway innovation system (recognising that

it is a complex system) to understand the factors that drive the success or failure of

innovation on the UK railway?

A model of the UK railway innovation system was developed in chapter 4 and is set out in

figure 8.4 (reproduced below). This model used the key learnings from the literature review

and the data collection, and observation and analysis, in order to construct as simple a

model as is possible to explain a complex system.
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Landscape:
UK railway as national transport infrastructure and public good (macro perspective)
UK Government + actors, institutions have roles that consider perspectives beyond solely the railway

Railway needs to improve performance & reduce operating
cost = pressure to deliver change (innovation)

Supply Side Demand Side
Established technology, state of the Established systems and processes,
art, proven to meet existing known technologies in proven safety
requirements Socio-Technical Regime: / standards regime
UK railway as a complex system
delivering passenger and freight

transport services ESTABLISHMENT

CHALLENGE Potential Technological CHALLENGE DISRUPTION

Transition

Niches: ' Niches:

Innovation supply opportunities (new Innovation demand opportunities
solutions to solve problems, Innovation Opportunity (real pain points that need
challenges) addressing)

Figure 8.4: Model of the UK railway innovation landscape

= RQ5: Can we develop a conceptual framework, utilising this model, that can enable

the more successful introduction of innovation onto the UK railway?

Firstly, a conceptual framework of the current UK railway innovation landscape was built
from the model (at Figure 9.3 above) to provide a theoretical interpretation of the model,
and which could then be adapted to construct the conceptual framework that was the

primary objective of this research.

The conceptual framework incorporated the learnings from this research to set out a
method for enabling more successful introductions of innovation onto the UK railway in the

future — set out in figure 9.4 and reproduced below.
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Figure 9.4: The conceptual framework

Reverting back to the hypothesis of this research - the UK railway needs to be more
effective in supporting relevant innovation to happen, and to better enable it to be
introduced successfully into deployment, in order to meet the expectations of politicians,
stakeholders, and the general public, to deliver a railway that provides better services for

passengers and freight, and that those improved services are delivered at a lower cost.

In the course of this research, a clear gap in literature on innovation in rail was identified
and this research has produced new knowledge to start addressing that gap. This research
has shown that there is indeed great demand for innovation to be enabled, and that there is
the ability to enable more innovation. The quantitative and qualitative data provides the

primary evidence to support the hypothesis.

Furthermore, the model of the UK railway innovation landscape and the conceptual
framework developed by this research, could be applied (with some minor editing to reflect
the context of the particular railway landscape) to other railways internationally. The
fundamental structure of the framework using the 3x3 matrix can be universally applied to

railway innovation landscapes — the three temporal phases (landscape, development,
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delivery), the three system layers (supply industry, the demand side, and the wider actors
and institutions), and the three structural dimensions (the landscape, the socio-technical
regime, and the niches) are all widely applicable. Future research is planned to dive deeper
into the 3x3 matrix, and also to undertake further comparative work to use the 3x3 matrix in

international railway contexts.

In the next section, the research sets out the key recommendations drawn from the

conceptual framework that can support the railway to enable more innovation.

11.3 Recommendations of this research

Building on the findings from this research, the six critical factors influencing UK railway

innovation are used to structure a set of recommendations:
(i) the structure and fragmentation of the UK railway industry

There is a clear need to simplify the structure of the industry and to align the costs and
benefits of innovation activity more closely to enable increased opportunity for innovation
to support the big picture objectives for the railway i.e. improved performance and reduced

operating costs.

Given railway reform is already well under way, the key opportunity is to better understand
the scenarios of when innovation should be encouraged, why it should be encouraged, how
it should be encouraged, and by whom it should be encouraged as well as for whom.
Innovation is seen as a luxury activity outside of the confines of day-to-day operations due

to the structural focus on project delivery with a near-term focus.

Recommendation: A long-term strategy and guiding mind for the railway should explicitly
state the role and opportunities for innovation as part of the delivery plan for that long-

term strategy.
(ii) the culture of the UK railway industry

Resistance to change and a fear of the unknown (in a technology sense) creates a mistrust

of trying out new ideas. The safety culture of the railway is not unreasonable, but it should
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be used pragmatically and not dogmatically. Without an openness to innovation, new
technology will still emerge, but the railway will not be prepared for it. Examples of this are
the belated awareness of the demand for passenger wifi connectivity or the urgent need for

cybersecurity across the railway.

The railway cannot ignore technological developments, therefore having greater awareness
of the opportunities and threats at an earlier stage and enabling the industry to prepare for

them must be preferable.

Likewise, the standards and approvals regimes are absolutely necessary, but their
fundamental objectives — and therefore their application — should be pragmatic and user-

friendly, rather than dogmatic and resource-intensive.

Recommendation: culture is learned, and the ambition must be for railway reform to open
up greater opportunity for the railway to investigate and consider new ideas and
technologies, as well as better assessing and evaluating perceived risk rather than requiring
absolute certainty of zero risk. A long-term strategy for the railway must provide clear
space for innovation to be valued and utilised as part of the plan to improve the whole

system.
(iii) the role of the UK Government

The research findings were absolutely clear that the Government has a critical role in driving
the UK railway and has a clear role in leading opportunities to enable (or block) innovation
from happening. Firstly, the Government will be the arbiter and controller of railway
reform, which will be the critical instrument in the near term for enabling innovation to
happen or not. Secondly, the Government controls the availability of public investment -
and therefore the consequent attractiveness of private investment - into the railway.
Thirdly, public policy will drive the opportunities for investment — the importance of
transport decarbonisation, the opportunity to deploy modern digital technologies that
improve services for passenger and freight customers, can all be steered by public policy

development.

Recommendation: the Government has vast influence on the opportunities available, it can

use it positively with greater appreciation of how to design it to strategically support the
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development of the railway. Rail policy should be designed holistically with both the current
railway reform underway, and in tandem with wider policy areas that complement and

support rail policy (for example, environmental policy, housing policy, economic policy etc).
(iv) the need for funding

The need for sufficient funding and investment support into research and development, as
well as to support innovation projects, was a key and constant output from the research. A
lack of long-term certainty over Government support and direction for rail created a loss of
appetite to invest in rail, which should be more attractive given the physical and long-term

certainty of infrastructure investment.

Recommendation: if public investment is constrained, then the Government should be more
proactive in designing policy that can enable private investment to support the ongoing

development of the railway.
(v) the appetite for risk

New technology introductions, and introductions in general (i.e. new rolling stock fleets,
new signalling systems etc) are frequently beset by delays, often caused by insufficient
testing and validation of systems. This has impacted on the appetite for risk where the
culture of the industry measures success by near-term project delivery — to time and
budget. De-risking projects is incentivised to ensure successful project delivery as the

ultimate output and measure of success. This creates a fundamental barrier to innovation.

Recommendation: the industry needs to relearn the opportunities of trying out new ideas.
One of the key actors interviewed very strongly advocated the need for funding and support
for pilot projects to try out new solutions. This could be gradually scaled up as it made a
cultural impact in support of trialling innovation and over how risk is understood, measured,

and managed.
(vi) the need for innovation support.

Finally, the importance of innovation support cannot be understated — all the wraparound
knowledge and assistance beyond just the provision of funding. The ability to identify

where funding might be available through the innovation project cycle, how to access and

Enabling innovation on the railway: a critical approach 227



undertake testing and validation, how to bring the product to market, how to undertake
product approvals, where to look for the appropriate standards, who the relevant buyers

and competitors are.

Recommendation: good innovation support schemes are vital to enabling innovation to
happen and to be successfully introduced onto the UK railway. This should not be left to

chance but should be actively supported as part of the effective design of rail policy.

Beyond these initial recommendations, the conceptual framework highlights the importance
in the roles of actors and institutions across the three streams of railway innovation — the
supply side, the demand side, and the institutional side. Innovation is a far more complex
process than an inventor and a buyer, and the innovation system is much more focused on
how these wider actors and institutions work together to establish an openness that can

enable innovations to be introduced and make a positive difference.

Finally, the research has tested the hypothesis that the UK railway needs to enable more
innovation and has proposed a response. In the timescale of this research, it has not been
able to test the conceptual framework and put it into practical application to demonstrate
its potential efficacy in enabling railway innovation activity. A future hypothesis can suggest
that the conceptual framework provides the basis for enabling increased railway innovation
and put it to the test by using the framework to test its effectiveness in enabling more
innovation activity on the UK railway. So the key recommendation is that the main output
from this research — the conceptual framework — is put to use to enable innovation on the

railway.

11.4 Limitations of this research and recommendations for future research

The subject of this research is large, but the focus was clearly set by the objective (from
chapter 1.5) “to create a framework of how the UK railway innovation landscape could best
be to increase the chances of successful development and deployment, to decrease the risks
of unsuccessful innovations being pursued, and to deliver the outcomes being sought for

railway innovation (ultimately a better railway).”
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The research has identified six critical factors and used those to build a model and a
conceptual framework. The framework could be expanded significantly and used to support
the current railway reforms to integrate the role of innovation more effectively within the

design of the new system.

Further research could focus on drawing out more quantitative data looking at specific
railway innovation projects and their success, the historic use of public funding to support
railway innovation projects or looking forwards to design systems of innovation support and

optimised funding models for R&D and innovation.

Additional research to dive deeper into the 3x3 matrix to further investigate these layers
and their applicability to both other international railway landscapes, and to other
industries is envisaged. A key limitation of the research has been the ability to draw out the
sheer breadth of potential from the 3x3 matrix and the opportunities it presents to
understand railway innovation activity. In addition, there is a future opportunity to
complete the feedback loop by undertaking further collection of primary qualitative data to

test the proposed 3x3 matrix with key actors.

There would certainly be value in further investigation using both critical and comparative
approaches to railway innovation in the UK and other international railways, as well as to
other sectors. Such investigations would provide an even richer understanding of the
applicability of the matrix in understanding railway innovation and how the framework can

support increased innovation activities.

Finally, as discussed in the previous section, the conceptual framework needs to be put into
practical use to demonstrate its effectiveness in enabling railway innovation in the UK (and
ideally internationally as well). Future research will aim to enable this to take place. It
should be envisaged that the framework can enable more effective, and de-risked,
innovation activity by embedding the learnings from this research into the planning and
delivery of innovation activity. Future research will seek to develop a playbook that allows

for the outputs from this work to be put into practical application easily and effectively.

11.5 Contributions of this research to knowledge
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At the start of this research, the volume of literature in the field of railway innovation was
lower than the author had anticipated. This research has attempted to draw out primary
data from industry sources and from a wide range of industry stakeholders, as well as using
the author’s first-hand experience, to highlight a field of research with much potential for

further investigation and many more avenues to explore.

The model of the UK railway innovation landscape, and the conceptual framework, both
provide novel structures and analyses of how UK railway innovation happens and how it can
be improved upon. Additionally, the six critical factors that can enable UK railway
innovation have a firm basis from the volume of quantitative and qualitative data that was

collected during this research.

The review of the literature on models and theories of innovation and their application to
the UK railway sector provides a new insight and understanding and provided a structure to

the building of the model and the conceptual framework.

The quantitative and qualitative data collected during the course of this research from the
online survey and the key actor interviews provide a breadth of valuable insights into the UK
railway innovation landscape and provide a number of opportunities for further

investigation as well as informing this research project.

Taken all together, the findings from the research provide a framework and a new
methodology for investigating and comprehending railway innovation and can be used to

inform not just future research but also actual railway reform and practice.

11.6 Final comments

The author has used this research project to inform practice in their professional work, as
well as using their significant experience in the field to inform this research. The UK railway
is a vitally important part of our national transport infrastructure and critical element within
the social, economic, and environmental spheres of the nation, supporting our health,

wealth, and wellbeing.
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The railway needs to accept innovation as being a necessary part of operation and integrate
it more fully into business as usual. To do that, there needs to be a greater appreciation of
the tangible benefits that can be delivered by innovation, as well as real and demonstrable

support that the industry wants to achieve these.

A number of key actors interviewed expressed their desire to see more innovation but
scepticism that it could be a widepsread ambition, recognising that the railway industry is
inherently conservative and insular — the vast majority of people interviewed and surveyed
(43 and 202 respectively) all considered innovation necessary to improve and develop the
UK railway, but that it would be a huge challenge to make real progress any time soon. This
indicates the challenge is as much cultural and personal, as it is structural and political. The
research has tested the hypothesis that the UK railway could and should attempt to enable
more innovation to succeed on the railway, and the ambition for the conceptual framework

that has been developed is to help address that need — let us hope that it can be done.
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