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Executive Summary Revision 6 RSSB

A Transport Systems and Integration TIC will support the TSB’s vision of realising a network of world
class innovation centres.

The Vision

= In October 2010, the Prime Minister announced a £200+ million programme to be run by the
Technology Strategy Board (TSB) to create a network of world-leading Technology and Innovation
Centres (TICs). The TSB has announced ten candidate focal areas for future TICs, of which three
will be selected.

= Of these ten potential focal areas, transport is one that can potentially open up billion pound global
markets to UK businesses. It is also strategically important to the UK, as a Transport Systems and
Integration TIC will not only serve to drive the UK Government’s Plan for Growth through the
transport supply chain, but also ensure the competitiveness of UK businesses by delivering benefits
to the transport demand side by lowering transport costs of freight, reducing congestion and
increasing productivity. The identification of leading edge technological advances and innovation in
products, know-how and applications are crucial factors in ensuring these outcomes are realised.

= Good transport systems are an essential enabler of a nation’s economic prosperity, and conversely
congestion is known to cost a developed economy such as the UK hundreds of millions of pounds a
year. With continuing population growth, the need for solutions to congestion, and the need to
move ever greater volumes of freight, there is a considerable global market for innovation in
transport. The TIC will be able to access this market, worth £120 billion per annum for rail alone.

= As evidence of demand, the TSB also requires research funding from other sources of match TSB’s
contribution. The Department for Transport (DfT) has already committed £7 million funding for a
future TIC, and the size of the potential prize (from increased margins) delivered by innovations
will also interest industry. As an illustration, to realise an annual prize of £800 million (for reducing
rail energy costs, improving reliability, and increasing capacity), rail transport providers could be
willing to invest £3.4 billion (see assumptions in Section 3.1). From the supplier’s perspective UK
rail businesses would also be interested in investing in research that leads to innovations that
captures a share of the substantial global market.
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= With such an opportunity, is there a need for a transport focused TIC? Will the market respond to this demand without government support?

= Key market failure arguably arises from the industry’s traditional siloed approach to working, with suppliers and transport operators not regularly
collaborating resulting in lost opportunities. The key role of a Transport Systems and Integration TIC will be to break down existing silos in the industry
and facilitate joint working to identify and develop new innovations.

= This is particularly true of cross modal innovations, where no single organisation has a mandate to bring together organisations of different sectors to
identify integrated opportunities for innovation. The TIC will not only facilitate collaborations and partnerships, but also facilitate the process of
innovation. It will facilitate the innovation process by promoting strong collaborations between partners, create opportunities to use the UK as a test bed
to prove innovations, and as a result generate interest from international markets.

= A Transport Systems and Integration TIC will support the TSB’s vision of realising a network of world class innovation centres. It will be a
global centre for innovation excellence that joins up the fragmented innovation landscape in UK transport, facilitating UK economic growth
through exports, commercialising UK research that would not otherwise be conceived, and also achieving strategic priorities in terms of CO,
reduction and energy security.

The vision of the Transport Systems and Integration TIC is to be recognised
as a global centre of excellence, establishing the UK as a hub of transport
Innovation, and generating significant income and employment for the UK.

Its mission is to accelerate the design, development, demonstration and
deployment of truly integrated innovations, formed through the collaboration
of suppliers, industrial customers, industry bodies and policy makers.

TSLG ; ARUP
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The TIC will focus on four innovation themes ‘System Optimisation and Operation’, ‘End to End
Journey’, ‘Energy Strategy and Management’, and ‘Modal Integration and Convergence’

Innovation Areas

= The innovation focal areas of the TIC can be categorised into four key innovation themes. These themes respond strongly to key global trends and
drivers, to trends that will shape the UK in the future, and are also applicable to all transport modes.

System Optimisation and Operation: Covers topics that range from transport system reliability to asset management.
Energy Strategy and Management: Includes both energy production and energy use.
End to End Journey: Includes technologies that facilitates a seamless journey for passengers and freight.

Modal Integration and Convergence: Technologies that physically facilitate cross-modal transfers; convergence of transport modes (e.g.
Personalised rapid transport systems); business models for integrated transport provision.

System Optimisation

and Operation End to End Journey

Energy Strategy and Modal Integration and
Management Convergence

= Additional comparators used to validate the four themes were the Automotive Council’s recently endorsed technology focus areas for a TIC, and the
Marine Industries Leadership Council’s (MILC) themes for innovation.

TSLG : ARUP
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Key innovation areas the TIC will focus its efforts on are ‘System Optimisation and Operation’, ‘Energy
Strategy and Management’, ‘End to End Journey’, and ‘Modal Integration and Convergence’

The technology, systems and process areas can be categorised into four key innovation themes. Although this has been developed through consultation with
railway industry stakeholders, the themes are applicable to all transport modes.

System Optimisation and Energy Strategy and End to End Journey Modal Integration and

Operation Management (passenger & freight) Convergence

Traffic management and . .
trol J t Propulsion energy E2E "journey assistant" systems Land-based modal
o Icgn ro Itgys 3'?3. i T (journey planning, ticketing, in-transit convergence technologies
(also includes multi-modal disruption g Y advice, freight logistics) (PRT, guided bus-ways, road-trains)
management)
Economic modelling and plannin
Whole system energy demand Transport demand management g plEttLir
R systems systems for provision/use of mixed
management and optimisation systems X
(passenger/freight flow management) mode transport systems
. . Sustainable energy production, Inter-modal transfer and ‘seamless
Driver advisory systems : . . ,
storage and re-fuelling technologies journey’ systems
Driverless / automatic / Ener(gyrfeffltmehnt Imt_erfaces Security monitoring / management
- - surrace tecnnologies;
autonomous vehicle operation ey e Fose) systems

Intelligent / integrated braking

control systems Light-weighting
(closed loop control)

Asset health monitoring

diagnostic / prognostic systems
(reliability management)
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The table below describes each theme in relation to integration of transport modes as seen from the rail sector. While some of the innovation and technology
areas described below are rail specific, the majority are applicable across the different transport modes.

System Optimisation and
Operation

Energy Strategy and
Management

End to End Journey

Modal Integration and
Convergence

TSLG

This theme deals with a wide range of topics from transport system reliability to asset management. It covers a number of

technology and innovation areas, including:

= Control systems, Next generation traffic management, Driver advisory systems, Intelligent braking / control systems, Asset
health monitoring / condition monitoring

= Whole system energy demand monitoring and optimisation systems (Note: This in particular crosses over with Energy Strategy
and Management theme)

While energy strategy and management is a common theme across virtually all business sectors in the UK. In terms of transport it

has particular unique areas of focus that is unique and additive to what is already occurring. This includes both energy production

and efficient energy use. For example:

= Propulsion energy management systems, sustainable energy production, alternative fuels, storage and refuelling, energy
efficiency interfaces, light-weighting (lighter trains to reduce energy consumption), differential ticket pricing for choosing
low-energy routes, differential timetable management optimising for different criteria at different times of day(such as
capacity, energy use)

At one level, the end to end journey as a theme is the embodiment of what transport systems integration means. However, more

specifically it can be interpreted as a journey planning and traffic management topic as follows:

= E2E journey assistant systems (journey planning, ticketing, in-transit aid device — dynamic journey planning, freight logistics),
Transport demand management systems (passenger and freight flow management), Security monitoring / management systems

= Inter mode transfer and seamless journey systems (Note: This in particular crosses with Modal Integration and Convergence
theme)

Whereas the End to End journey theme is about improving the connectivity between different transport modes, this theme is
about: Challenging conventional concepts of the various modes — specifically, looking at modes that combine the best of rail and
road transport

= Personalised Rapid Transit (PRT) systems, guided busways , road trains etc
= Developing economic models and toolkits to optimise the mix of transport modes for given situations (such as mega cities).
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‘System Optimisation and Operation’, and ‘Energy Strategy and Management’ are relevant innovation
themes for the TIC as they respond to a number of important trends and drivers

Specific areas of alignment with global and UK drivers, EU research priorities, the Automotive Council and MILC’s innovation themes have been provided
in the following tables, with the highlighted cells showing the areas of alignment.

Innovation Themes Key Global and EU Priorities Automotive Council MILC Technology
UK Drivers Technologies Themes

UK World Leading Rail
Research Areas

Energy Strategy and
Management

End to End Journey

Modal Integration and
Convergence

Innovation Themes Key Global and
UK Drivers

System Optimisation
and Operation

End to End Journey

Modal Integration and
Convergence

TSLG

Changing levels and
shape of demand

Tech. Improvements

Environmental
sustainability

Resource Constraints
Legal Drivers
Globalisation

UK industry capability

Changing levels and
shape of demand

Tech. Improvements

Environmental
sustainability

Resource Constraints
Legal Drivers
Globalisation

UK industry capability

Vehicle dynamics
Vehicle-track interface
Noise and vibration
Transport economics
Human Factors

Rail freight / logistics

Track and railway
structures

Aerodynamics

UK World Leading Rail

Research Areas
Vehicle dynamics
Vehicle-track interface
Noise and vibration
Transport economics
Human Factors
Rail freight and logistics

Track and railway
structures

Aerodynamics

Intelligent mobility
Energy / environment
Personal security

Test, homologation and
security

Enabling technologies
Strategy and economics

Infrastructure

Intelligent mobility
Energy / environment
Personal security

Test, homologation and
security

Enabling technologies
Strategy and economics

Infrastructure

Energy storage and
management

Electric motors and power
electronics

Internal combustion
engines

Lightweight vehicle and
power train structures

Intelligent mobility

Energy storage and
management

Electric motors and power
electronics

Internal combustion
engines

Lightweight vehicle and
power train structures

Intelligent mobility

1-ship (decision support)
Lean support processes
Anti fouling coatings
Green propulsion

Ergonomics / Ease of use
leisure craft

Ballast water solutions

Vessels and systems

EU Priorities Automotive Council MILC Technology
(ERRAC) Technologies Themes

I-ship (decision support)
Lean support processes
Anti fouling coatings
Green propulsion

Ergonomics / Ease of use
leisure craft

Ballast water solutions

Vessels and systems
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‘End to End Journey’, and ‘Modal Integration and Convergence’ are relevant innovation themes for the
TIC as they respond to a number of important trends and drivers

Innovation Themes Key Global and UK World Leading Rail EU Priorities Automotive Council MILC Technology
UK Drivers Research Areas (ERRAC) Technologies Themes

System Optimisation
and Operation

Energy Strategy and
Management

Modal Integration and
Convergence

Changing levels and
shape of demand

Tech. Improvements

Environmental
sustainability

Resource Constraints
Legal Drivers
Globalisation

UK industry capability

Vehicle dynamics
Vehicle-track interface
Noise and vibration
Transport economics
Human Factors

Rail freight and logistics

Track and railway
structures

Aerodynamics

Intelligent mobility
Energy / environment
Personal security

Test, homologation and
security

Enabling technologies
Strategy and economics

Infrastructure

Energy storage and
management

Electric motors and power
electronics

Internal combustion
engines

Lightweight vehicle and
power train structures

Intelligent mobility

I-ship (decision support)
Lean support processes
Anti fouling coatings
Green propulsion

Ergonomics / Ease of use
leisure craft

Ballast water solutions

Vessels and systems

Innovation Themes Key Global and UK World Leading Rail EU Priorities Automotive Council MILC Technology
UK Drivers Research Areas (ERRAC) Technologies Themes

System Optimisation
and Operation

Energy Strategy and
Management

End to End Journey

TSLG

Changing levels and
shape of demand

Tech. Improvements

Environmental
sustainability

Resource Constraints
Legal Drivers
Globalisation

UK industry capability

Vehicle dynamics
Vehicle-track interface
Noise and vibration
Transport economics
Human Factors

Rail freight and logistics

Track and railway
structures

Aerodynamics

Intelligent mobility
Energy / environment
Personal security

Test, homologation and
security

Enabling technologies
Strategy and economics

Infrastructure

10

Energy storage and
management

Electric motors and power
electronics

Internal combustion
engines

Lightweight vehicle and
power train structures

Intelligent mobility

I-ship (decision support)
Lean support processes
Anti fouling coatings
Green propulsion

Ergonomics / Ease of use
leisure craft

Ballast water solutions

Vessels and systems
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The TIC will facilitate collaborations, bringing organisations together to create intermodal, common and
systems innovation

Value Proposition of the TIC

= The Transport Systems and Integration TIC is about integration and cross sector innovation, bringing together organisations that would not otherwise
come together. This applies for innovations that bring all transport modes together (intermodal innovations); to those innovations that can be adapted
for use across multiple transport modes (common innovations); and innovations that integrate systems but only relevant to a specific transport mode
(systems innovations).

= The TIC will begin by facilitating collaborations. These collaborations will be between the knowledge base and industry, involving large suppliers as
well as SMEs. In addition, the TIC will ensure that innovation opportunities with respect to the demand side of transport are tapped into, providing a
forum that will create intermodal collaborations. The TIC will break down silos present in the industry, bring subsystems together, facilitating
conversations amongst the supply side and with the demand side. This will lead to new innovations and partnerships that would not have otherwise
occurred. Hence the innovations that come out of a TIC are not specific technologies or services, but are integrated systems that only exist because
traditional barriers have been broken down.

= After the potential innovations and associated partnerships have been identified, the TIC will play a key role in making the innovations happen through
design, development, demonstration and deployment (taking innovations through Technology Readiness Levels 4 to 6).

= The TIC is a location where innovation partnerships can ideate, play and test. Prototyping, sand pitting and simulations will be possible through facilities
and synthetic environments provided within the TIC.

= The TIC will enable operational testing, as innovation within the project environment needs to be supported by demonstration in an operational
environment.

= The TIC will engage groups including public sector and private sector industry bodies, policy makers and industry. Using rail as an example, these
include cross industry bodies and such as TSLG, RSSB, DfT, London Underground and Network Rail, which will ensure that innovations are included
in the next round of rail standards and requirements, creating a demand for innovations. This will provide UK industry with a head start, enabling the
innovation to be demonstrated operationally in the UK and attract interest internationally, leading to exports.

= The TIC will have access to entrepreneurial skills and experts in intellectual property management and licensing, ensuring that background IP of partner
organisations is protected, but benefits resulting from foreground IP are shared and retained by innovation partnerships.

= This is the unique value proposition of a Transport Systems and Integration TIC. An organisation that accelerates and forces innovation, breaks down
silos to enable truly integrated innovations, where the supply and demand side work together with policy makers in collaboration. Collaborations that
will bring innovations to market sooner, and address the most significant market failure in the railway industry. The TIC will firstly address UK needs,
and then use this to leverage and create global opportunities.
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Marine Key:

Intermodal Innovations: Innovations that
bring all transport modes together

Common Innovations: Innovations that can be
adapted for use across multiple transport
modes

Systems Innovations: Innovations that
integrate systems but only relevant to a specific
transport mode

Rail Automotive

Aviation
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Activities of the Transport TIC can be divided into Strategic Activities, Core Activities and Secondary
Services

The business model of the TIC represented by the activities in the diagram below consists of Strategic Activities, Core Activities and Secondary Services
(this is a development of the ‘potential activities’ previously mentioned). The strategic activity, ‘Transport Systems Facilitation’ is an adaptation of the
‘Facilitation of Collaborations’ activity previously described, and relates to the role of the TIC in bringing together relevant collaborators and partners for
the innovation. Partners will change over the lifecycle of the innovation, as the innovation progresses from an idea through to commercialisation.

The core activities begin with Research Screening can either lead straight into Core Research (only in respect of whole transport system research which
doesn’t currently occur) or into Research, Development and Demonstration. These activities form the core service offering of the TIC, however in the
medium to long term, additional ‘secondary’ services can be offered by the TIC to improve utilisation of its staff and assets and generate additional sources
of revenue.

Strategic Activities

Transport Systems Facilitation

Core Activities (Value Chain) of Transport TIC

Whole System R&D / Prototyping / Ops Testing /

Commercialisation

Opportunity
/ Launch

Core Research Demonstration Sand-pitting
(TRL 1-3) (TRL 4-6) (TRL 6)

Integration
(TRL 7-8)

Screening

Secondary Services

: . - .. IP Management /
Testing Services Training Provision Licensing

TSLG i ARUP
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Executive Summary
The role of the TIC in Integrative Facilitation, spans across its Core Activities and will bring together key

organisations including industry bodies, regulators, rail customers, rail suppliers and academia

The TIC will bringing together relevant collaborators and partners over the lifecycle of the innovation. The key roles of partners will change over this
lifecycle, and are described in the table below.

Research Screenin Whole System R&D / Prototyping / Ops Testing / Commercialisation /
g Core Research Demonstration Sandpitting Integration Launch

Public / Private
Industry Bodies

Regulators and
Policy Makers

Industry
Customers

Industry
Suppliers

Academia

TSLG

Bring together the
organisations
below to create
collaborations.
Potentially have a
higher success
rate in securing
project funding.
Feed into
research agenda
of universities.

Upfront support /
input into
innovations to
ensure there is
downstream
demand.

Bring forward
innovation ideas.

Bring forward
innovation ideas.

Bring forward
innovation ideas.

Core research
carried out by the
TIC will be whole
systems
innovations.
Promote strong
collaborations
between partners.

Made aware of
progress of
innovations.
Input as required.

Research partner.

Research partner.

Research partner.

R&D and
demonstration
projects must be
intermodal,
common or
systems
innovations.
Promote strong
collaborations

between partners.

Made aware of
progress of
innovations.

Input as required.

Research partner.

Research partner.

Research partner.

14

Provide /
coordinate access
to test facilities
(either owned by
the TIC or other
partners).
Promote strong
collaborations
between partners.

Made aware of
progress of
innovations.
Input as required.

Support testing
needs.

Research partner.

Research partner.

Provide /
coordinate access
to test facilities
(either owned by
the TIC or other
partners)
Promote strong
collaborations
between partners.

Made aware of
progress of
innovations.
Input as required.

Support testing
needs.

Research partner.

Further input as
required.

Support launch of
innovations
Provide
organisations (in
particular SMES)
with access to
entrepreneurship
skills, IP
management and
licensing

Champion
inclusion in
future rounds of
standards and
requirements.

Purchase
innovations.

Supply to
customers.
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Some activities carried out by the TIC (facilitation, opportunity screening and core research) will not
generate any direct income and as such, TSB core funding will be used to cover these costs

TIC Costs covered CapEx Needs
through P Core activities are highlighted with (X) and secondary

activities (x)

S Transport Systems Facilitation X = TSB funding
= Transport systems facilitation will generate no
= Research Management revenue, hence costs of facilitation will be covered by
LL Dissemination
] ] _ Whole system core research activities will be

€ Opportunity Screening X =TSBfunding minimal and only in respect of whole transport system
£ research which doesn’t currently occur. It is likely to

Whole System Core Research . i . .
B X USRI generate no income at TRL 1-3, hence costs will be
S - covered by a portion of TSB funding
3 R&D / Demonstration X = Research contracts = TSB funding '
= ! " . R&D / demonstration, Prototyping and sandpitting
= Prototyping and Sandpittin " . . g : '
f_E A Sl X Research contracts TSB funding and Operational Testing / integration costs can be
% Operational Testing / Integration X =Researchcontracts = TSB funding covered by contract research funding. Any |n|t.|al set-
D up costs for equipment, IT and a synthetic environment
X Commercialisation / Launch X = Investor partner can be covered using a portion of TSB core funding.

Engineering / Design Services Commercialisation / Igunch costs can be provideq by
= an investor partner. This partner can be a rail supplier,
‘D Testing Services X = Testing income venture capital or lenders (depending on risk).
>
a Training Provision X = Training income By providing Testing Se.rV|ce§, Trallnllng_Prowsmn,
o and IP Management / Licensing, utilisation of staff
b= IP Management / Licensing X = License income and assets will increase, and generate additional
& income. Licensing of IP will potentially occur in later

Certification Services years of operation.
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Wider economic benefits of the TIC can be considered in terms of those that can be attributed to the
Transport User, the Transport Provider, the Transport Supplier, and the TIC itself

Rail projects and enhancements typically offer significant public benefits. Examples include DfT’s proposals for HS2, which the Department’s analysis for
the recently-closed consultation indicates would generate £2.6 of economic benefits for every £1 invested. Likewise, Crossrail’s July 2011 business case
update estimates that it will generate up to £4 of economic benefits for every £1 invested.

Economic benefits that result from the TIC can be considered in terms of those that result from the ‘Supply Side’ (i.e. benefits from TIC itself and from the
innovations that come out of the TIC), and from the ‘Demand Side’ (i.e. benefits to transport providers using innovations from the TIC, and from transport
customers using services of transport providers). The determinants that influence each of the benefits are set out in the diagram below.

Demand Side Benefits Determinants

/ Market size (costs of transport users)

& Time savings
\ Value created from time savings

Transport User Transport User Service
Value Add Experience and Other
Benefits

Increased Productivity to
Users of Transportation

- Market size (costs of transport providers)
Revenue from New Ways of W Efficiency Improvements to P

Serving Transport Transport Providers & Cost reduction opportunities
Customers (from Network Rail to TOCs)

Transport Provider

Value Add
~ Utilisation improvement opportunities

Supply Side Benefits

/ Market size (demand by transport suppliers for specific innovations)
Total Domestic Sales and

Transport Supplier / i
p Pp Exports of Innovations

Innovation Value Add

& Market penetration

e Competition
/ Research opportunities

TIC Value Add Gross Value Add of TIC & Interested partners

e Available funding
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Economic benefits are substantial: TIC innovations can tap into a global market in excess of £100 billion

The diagram below illustrates the scale of benefits the TIC can contribute to and highlights the significant additional benefit it will realise for the UK
economy by addressing market failures. The key economic benefit will be in helping UK transport suppliers tap into a global market worth in excess of
£100 billion for rail alone.

By definition the innovations in question have not occurred; hence the benefits that the TIC will realise through innovations are purely high level
estimations. The value of the Transport Systems and Integration TIC when compared to other TICs should not be judged purely based on these numbers. It
is the overall value proposition offered by the Transport Systems and Integration TIC, its role in creating new methods of innovating that should create
significant additional value to the UK.

1. Transport User _— @ . : .
Benefits to users of transport are substantial. For example, there is an
Transport User Service opportunity for UK rail to meet the transport needs of businesses and
Experience and Other support an overall reduction in travel time. A 5% reduction for all business
Benefits travel on the roads could generate £2.5 billion of cost savings. Benefits
such as this and those more region specific may be realised globally.

Increased Productivity to

Users of Transportation

2. Transport Provider 8 . . .
P Benefits to transport providers can be in the form of revenue or cost

Efficiency Improvements to savings. For example, the UK can realise a prize of £800m pa if there is a
Transport Providers 20% reduction in rail energy costs, 20% reduction in delays, and 20%
(from Network Rail to TOCs and ROSCOs) increase in capacity. There is the potential for these types of savings to be

realised around the world.

Revenue from New Ways of
Serving Transport Customers

e
c
<
S
D

(@]

3. Transport Supplier ﬁ‘

Total Domestic Sales and
Exports of Innovations

4. TIC ﬁ

Gross Value Add of TIC
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Building a Case
The identification of leading edge technological advances and innovation are crucial factors in ensuring

the competitiveness of the future UK transport industry

In October 2010, the Prime Minister announced a £200m+ programme to be
run by the Technology Strategy Board (TSB) to create a network of world-
leading Technology and Innovation Centres (TIC).

These centres will focus on specific areas of technology where the UK
has capability and there is a large potential global export, as TICs are
envisaged to help drive future UK economic growth and
competitiveness.

The TSB has announced ten candidates for future TICs of which three
will be selected after further consultation by the TSB. These candidates
include: Complex Systems, Digital media / creative industries, Future
cities, Future internet systems, Photonics, Resource efficiency, Sensor
systems, Smart grids and distribution, Space and Transport systems and
integration.

A Transport Systems and Integration TIC is strategically important need
of the UK. It will not only serve to drive the UK Government’s Plan for
Growth through the transport supply chain, but also ensure the
competitiveness of UK businesses by delivering benefits to the transport
demand side (e.g. lowering transport costs of freight, reducing
congestion and increasing productivity). The identification of leading
edge technological advances and innovation in products, know-how and
applications are crucial factors in ensuring these outcomes are realised.
For rail, technological advances and innovation are wide ranging and
may include the upgrade of fixed assets, signalling and power systems
for ‘classic’ networks as well as design and implementation of high
speed rail systems. Other opportunities may revolve around energy
saving and performance improvement measures, enhancements to rolling
stock capacity, use of new materials, improvements for passenger
experience and the integration of multi-modal networks aligned with real

TSLG
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time dynamic information to drive efficiencies for passenger movement,
freight traffic, logistics and global trade.

There is the potential for the UK to capitalise upon its position as “first-
mover” in the development and subsequent global roll out of the
railway systems internationally. The UK system is widely recognised to
have reached tipping point in respect of capacity and congestion. It is
undergoing a process of upgrade and incremental renewal at a time
when value for money is an increasing area of focus for the industry.
This provides an opportunity for any new approaches to streamline and
minimise the cost and disruption of upgrades to be developed in the UK
and applied around the world on a commercial basis. To some extent
Crossrail, the Thameslink and plans for HS2 may provide a platform to
build from.

Arup has carried out this review for the Transport TIC Subgroup of the
Technology Strategy and Leadership Group (TSLG), a cross industry
expert body, to support the case to the TSB for a Transport Systems and
Integration TIC.

At this stage, the focus of Arup’s work has been on the railway sector
only. This will provide the TSLG with a portfolio of options that can be
used to inform discussions on the size of the railway component of the
TIC. This will also help to ensure that TSLG does not discard options
which may, for example, be at the lower end of a priority list when
looking at it from a rail point of view, but form priority options from a
wider transport perspective (as a result of synergies for example).
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For the Transport Systems and Integration TIC to be deemed a success, it must be seen as successful from

the point of view of both the TSB and the TSLG

A Transport Systems and Integration Technology Innovation Centre (TIC)
will be judged by its ability to meet success factors of both the Technology
Strategy Board (TSB) and the Technical Strategy and Leadership Group
(TSLG) (representing the rail industry as a whole). There is therefore a need
to understand these success factors.

TSB Success Factors
= The TSB’s vision as highlighted in their Connect and Catalyse report
(2008 — 2011) is for the UK to be a global leader in innovation and a
magnet for innovative businesses, where technology is applied rapidly,
effectively and sustainably to create wealth and enhance quality of life.
In the Transport sector they aim to have the following impact:
- Address the issue of CO, emissions and climate change;
- Ensure that all emissions including noise are minimised or eliminated;
- Reduce reliance on fossil fuels and support alternative power
systems, to secure the UK’s domestic energy future; and
- Develop technologies that optimise overall performance of vehicles
and infrastructures, whilst ensuring safety is not compromised.
= The TSB (in their Technology and Innovation Centres Forum) identified
a number of criteria for assessing the technology areas that can benefit
from a Technology Innovation Centre. Similar criteria were also used to
screen the High Value Manufacturing TIC. The TSB mentioned that
TICs must (paraphrased):
- Be able to access global markets worth billions of pounds per annum;

TSLG .

- Link with UK businesses who have the ability to make use of the
increased investment to capture a significant share of the value
chain, and embed the activity in the UK (this may be through
allowing businesses to access equipment and expertise that may
otherwise be out of reach, or helping businesses access new funding
streams and pointing them in the direction of emerging technology);

- Enable the UK to attract and anchor the knowledge intensive
activities of globally mobile companies and secure sustainable
wealth creation for the UK;

- Access and maximise potential from the UK’s world-leading
research capability (this may be through promoting collaboration
between universities and businesses, closing the gap between
concept and commercialisation, and conducting in-house R&D); and

- Help achieve national strategic priorities.

This list shows a clear intent from the TSB to ensure the TIC is a

recognised global centre for innovation excellence and has roles in

joining up the fragmented innovation landscape in UK, facilitating

UK economic growth through exports, commercialising UK

research, but also achieving strategic priorities in terms of CO,

reduction and energy security.

In addition, as this is a ‘Transport’ Systems and Integration TIC, there

is a need for it to consider integration of all transport modes to

facilitate an end-to-end journey.

There is also a need for the TIC to be an economically sustainable

business that will not seek recourse to additional government funding

(This excludes agreed funds that form the basis of initial arrangements

with the TSB, and any government operational or research grants that

the TIC may win competitively).
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TSLG’s success factors can be considered in terms of railway’s 4Cs

TSLG Success Factors
= The white paper developed by the Department for Transport titled
‘Delivering a Sustainable Railway’ considers the potential future
challenges for the railway over a 30-year horizon. Although it is noted
that this document was produced under the previous Government, it will
be used as it provides a sound analytical framework. The paper identifies
for long term agendas for both the government and the rail industry
working together in partnership. This can be summarised using the 4 Cs:
- Customers: Deliver quality service to meet the rising expectations of
passengers
- Capacity: Increase capacity of the railway whilst further improving
safety and performance
- Cost: Improving overall cost effectiveness of the railway
- Carbon: Improving rail’s environmental performance
= The 4Cs are used as the success factors for the TIC from the perspective
of the railways industry.

= Additional success factors (evaluation criteria) identified during the 6t
of June workshop with the Rail Industry Stakeholder Group included:

Fit with TSB requirements

Fit with other transport sectors

Attract funding from industry, TSB, DfT and Europe

Support the national policy agenda (both economic and transport)
and is sellable by ministers

Address rail / transport’s unmet needs which includes bridging the
Technology Readiness Level (TRL) gap from 4 to 6.

Increase GDP, job / wealth creation and export business market
Deliverable, sustainable and with a good business case

Note: TRL measures the maturity of evolving technologies, where
technologies at levels 1-3 are at analytical and experimental stage,
technologies at 4-6 are at validation and prototype stage, and technologies
at 7-9 are those undergoing operational testing or being used in operations.

AT

TSLG
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The key overall success factors for a TIC are its ability to increase UK export, commercialise the UK’s
world-leading research and contribute to achieving the railway’s 4Cs

A summary of the top five success factors of the TSB and the TSLG that will be used to prioritise opportunities for the Transport Systems and Integration
TIC are provided in the table below. The top success factor is the ability of the TIC to facilitate UK economic growth through increasing exports.

In addition to the top five success factors, it is noted that there are other factors that will either be realised as a result of achieving the top five factors (such
as becoming a global centre for innovation excellence) or are success factors that the TSB will look to achieve elsewhere (such as improve energy security),
through other vehicles. These have been highlighted in the bottom half of the table below.

TIC Success Factors Key Indicators of Success

1 Facilitate UK economic growth

2 Commercialise UK research

3 Contribute to achieving the railway industry’s 4Cs
4

Economically sustainable business over the long term

5 Support the integration of all transport modes

Become a global centre for innovation excellence
Joining up a fragmented innovation landscape
Support UK to achieve CO, targets

Improve energy security

TSLG

Increase exports and UK wealth
Bridge development gap (TRL 4 to 6)
Create new technology, system and process innovations

Attract new research, projects and funding from EU, UK Government and
industry

Help to realise the end to end journey

Constantly deliver and take innovations to market successfully
Facilitate collaborations between academia and industry
Promote technologies have minimal carbon impacts

Promote technologies that lead to energy efficiency

2 ARUP
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There are many other secondary benefits that a Transport Systems and Integration TIC will help the UK
realise, all of which align with the Government’s Plan for Growth

The case for innovation in transport is strong. In addition to benefits to the
transport supply chain in the UK, there will be wider secondary benefits to the
UK economy. A recent report by the TSLG (2011b) highlighted that existing
congestion on roads cost circa £7-8 billion per annum. According to the
Eddington report (2006), a 5% reduction in travel time for business and freight
travel on roads could therefore generate ~£2.5 billion of cost savings, which is
circa 0.2% of UK GDP. Along similar lines of thinking, the TSLG also reports
that transport accounts for 24% of UK’s domestic carbon emissions which are
mainly from road vehicles. A reduction of congestion and a more efficient
operation of all UK transport systems will lower these emissions. A further
direct financial effect of a more efficient national railway will be the reduction
of public subsidy (which is currently £5.5billion per annum).

The UK Government’s economic policy objective as identified in BIS

(2011b) is to achieve strong, sustainable and balanced growth. A Transport

Systems and Integration TIC will support the achievement of these priorities,

in particular:

= To make the UK one of the best places in Europe to start, finance and grow
a business;

= Encourage investment and exports; and

= Create a more educated workforce that is the most flexible in Europe.

Within these priorities, specific ambitions that the TIC will support are
identified in the adjacent table.

The cost of congestion in the UK is an example of an increasing worldwide
problem, particularly in urban and mega-city areas, and that this presents a
global opportunity for businesses. The challenge is to provide the commercial
incentives for companies to produce solutions to the problem through transport
integration and be willing to invest in systems that ease congestion at the
“whole transport system” level.

TSLG -

Improving the UK’s ranking in major
international indices of competitiveness

Encourage investment and exports

More finance for start-ups and business
expansion

Increase in exports to key target markets
(EU, US, Japan, Canada, Israel China,
India, Brazil, Russia, Gulf, South Korea,
Mexico, South Africa, Turkey, ASEAN,
North Africa, and Caribbean are a
number identified by BIS (2011a))

Increase in private sector employment,
especially in regions outside London
and the South East

Increased investment in low carbon
technologies

Home to more of the world’s top
universities than any other country
except the USA

UK Plan for Growth — Ambitions Role of TIC

Make UK one of the best places in Europe to grow a business

Create innovations that
lead to transport cost
reductions and increased
productivity.

Reduce investment risk
to private sector
investors.

Work closely with UKTI
and UK businesses to
increase exports to key
target markets.

Energise traditional rail
supply bases outside of
London.

Enable innovations in
low carbon technologies.

Create a more educated workforce that is most flexible in Europe

Bring universities closer
to businesses, making

them more responsive to
students and employers.
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2.2 Drivers of the Global and UK Railway
Industries
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Supply and Demand of Rail Revision 6 RSSB
A demand and supply analysis is essential to a robust analysis of the drivers of the rail industry

Needs and drivers of the railway industry have to be considered from both a customer / demand point of view as well as a supply point of view. From a
demand point of view, the railway industry services two end customers passengers, and freight.

According to surveys by Datamonitor in 2010, passengers make up 49.5% of revenue from companies that provide goods and passenger rail transportation,
whilst freight takes a 50.5% share, of a global total of €230 billion annually. In a majority of Europe, passengers make up the largest proportion of this
revenue (i.e. 83% in the UK, and 94.3% in France). Globally, this is expected to grow 5.3% a year from 2010 to 2015. From the supply side, the global
value is €136 billion per year (averaged over 2007, 2008 and 2009) and made up of the supply of infrastructure, rolling stock, rail control, systems and
components, and the annual cost of services required to install the systems and maintain these.

The review that follows identifies key trends and drivers that influences the industry from a demand and a supply point of view, both in globally and in the
UK. These trends and drivers will frame the context of future technology and innovation in the railways industry.

Global Value €230 bn pa (€11.6 bn pa in UK)
49.5% (17% in UK)  50.5% (83% in UK)

T political / Legal

= ECconomic

Passengers Freight

&= Social / Environmental

/ Technology

Global Value €136 bn pa (€38 bn pa in Europe)

Supply Chain

Supply Demand

Source: UNIFE, 2010; Datamonitor, 2010
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Global Market Size for Supply into the Railway Industry Revision 6 RSSB

The rail control segment offers a significant opportunity, with the fastest market rate of growth and Europe
being by far the largest market

Of the £136 billion global supply market, the Asia Pacific has grown into the largest with 32% market share closely followed by Western Europe with 28%.
The supply segments have been broken down into Services, Rail Control, Rolling Stock and Infrastructure. Within these segments, the Compound Annual
Growth Rates (CAGR) from 2007 to 2009 were:

: Ezz:iisrg{;’lk 2522 Market Size by Country
= Infrastructure 0.7% §§
= Services 2.9%  (includes labour and parts for maintenance / refurbishment) L
Notable supply side trends within the Rail Control and Rolling Stock segments identified v iﬁ | gl
by UNIFE (2010) are summarised below. 10 - ‘ 2009
Rail Control o S g 2016
= Rail control comprises of trackside products, train operation systems, station operation & @\"Q e>*°Q & & &é@ \q#‘
systems, communication systems (rail telecommunication, public address and passenger o&“’ ‘.)@}(\ ‘;@*“ éo‘\" \@\" &
information) and fare management systems. L ¥ ¢
= Although rail control makes up the smallest market segment with value €11 billion, it is
the fastest growing segment.
= Europe has the largest control market with a €4.7 billion share of the €11 billion market. Market for Rail Equipment
= Western Europe's increased capacity needs will be satisfied by improved rail control i
rather than new lines
= Introduction of Positive Train Control (PTC) in North America will see extraordinary ok
boom in rail control there in the medium term 40 -
Rolling Stock 8 30 - 2009
= The rolling stock market after 2016 depends on future investments in Asia / Pacific. 20 - 12016
= Asian demand is expected to stabilise at a high level but will not show the same levels 10 -
of growth as previous years. 0 ]
= Large orders are expected for Very High Speed rail in Western Europe, however the Services  Rail control Rolling stock Infrastructure
future market for Very High Speed rail in other markets such as the US and China,
depend on take up within these markets of new Very High Speed lines. Source: UNIFE 2010
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Global Trends and Drivers

Revision 6 RSSB

Global drivers and trends will impact the demand for and supply of rail transportation

In addition to supply side trends, there are other drivers and trends that will impact the future market. The needs of consumers globally are changing at a
rapid pace, and the rail industry will need to evolve at the same pace or with increased flexibility, to satisfy these needs. Increasing demand, pressure to
reduce costs, coupled with these changing needs will put increasing pressure on the railway system and expose their limitations. As a result, there is need
for innovation in rail to address these challenges.

The table below sets out some of the key global political, legal, economic, social, environmental and technological trends and drivers influencing customer
demand, as well as those that will influence the supply side.

Political and Legal Social and Environmental Technology

Global Drivers of Demand:

Global Drivers of Demand:

= Increased road taxes

= Importance of security

= Rise of regional hubs (influence
of regions)

Global Drivers of Supply:

= Changing legislation and
standards to respond to economic,
social, environmental and
technological changes

= [ncreasing focus on accounting
for externalities

= Many state owned companies
dominate rail way operations
(although liberalisation gradually
occurring).

= European requirement for
interoperability of the EU railway
system, currently being rolled
out.

Global Drivers of Demand:

= Global revenue growth forecast
for companies providing goods
and passenger transportation
projected to average 5% over the
next 5 years (currently ~£210 bn
of which 35% in Europe, 35%
Asia-Pacific, 30% Americas).

= Increased economic growth

= |ncrease in congestion

= Service based society

= Increasing growth of international
trade

= Increasing importance of airport /
port links to international trade

=  Market for express / distributive
freight for high value and time
critical businesses will increase if
costs change between rail and
road.

Population growth leading to

greater demand for passenger and

freight transport

Increasing road congestion and
delays tipping balance in favour
of rail transport.

Urbanisation

Connected society

Increasing green consciousness
Changing work patterns
Importance of holistic well being
Rising expectation of public
services

Customers expecting travel to be
simple and seamless

Rise of consumer activism

Rise of the mega city

Changing demographics (e.g.
aging population in some areas).

Global Drivers of Demand:

Demand from customers for more
information rich interfaces

Global Drivers of Supply:

Energy storage and battery
technologies advances
Innovation in communications,
microelectronics and control
systems

Increased IT power

Open systems

Intelligent transportation

New materials

Renewal of railways required
(ageing infrastructure)

(cont...) (cont...)

TSLG .

(cont...)
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Global Trends and Drivers

Political and Legal Social and Environmental Technology

= European railways aiming for
carbon free train operation by
2050

TSLG

Customer experience becoming
paramount and will demand more
personalised approach.

IMF reports that from 2010-2015,
emerging economies will
contribute $11.5 trillion
(compared to $8.5 trillion for
advanced economies), creating
opportunities for UK businesses
(e.g. UK exports to China in 2010
grew 40%)

Global Drivers of Supply:

Global rail supply market is £136
bn pa with a third of this in
Western Europe, although East
Asia is fastest growing market.
Increased global competition
from the supply market.
Resource costs increasing
Falling costs of technology
Increased product demand from
emerging economies

Operators want to reduce cost
Focus on efficient supply chains
that are flexible in responding to
customers

30

Passengers becoming more
affluent

More commuting and leisure
travel

Passengers want improved
service levels, better information
systems and on board facilities.
Passengers will expect to be able
to work/relax on train and much
less tolerant of delay at any stage
of their journey

Demand for 24/7 travel in urban
areas

Long distance intercity travel has
grown 5% a year (2011)

Freight operators looking for
reliable, efficient and green
solutions

Global Drivers of Supply:

Climate conditions may worsen
impacting railway operations
Energy shortages

Resource and material scarcity
Air and noise pollution

Revision 6 RSSB

ARUP



Revision 6 RSSB

UK Trends and Drivers

UK has specific drivers and trends that impact the demand for and supply of rail transportation, setting it
apart from the rest of the world and creating a unique set of opportunities

The UK has a very different railway customer base compared to the rest of the world, with 83% of UK railway transportation revenue coming from
passengers compared to 49.5% globally. In addition, the needs of these customers are also different from other parts of the world.

From a supply point of view, a key political driver in the UK is the desire to increase value for money and reduce costs as evidence by government
initiatives such as the McNulty review. This review will greatly influence future spending in the railway industry. In addition, the UK has different relative
strengths and efficiencies, creating opportunities for exporting new technologies, systems and services.

The table below sets out a few of the key political, legal, economic, social and environmental factors that influence customer demand as well as those that
influence the supply base, highlighting areas that distinguishes the UK from other parts of the world.

Political and Legal Social and Environmental Technology

UK Drivers of Demand:

UK Drivers of Demand:

= As per global drivers

= Increased emphasis on value for
money and cost reduction.

= UK investing over £30b in
transport projects (e.g. Crossrail
and High Speed Rail)

UK Drivers of Supply:

= As per global drivers

= Increased emphasis on value for
money and cost reduction.

= Climate Change Act requires
mandatory 80% cut in the UK's
carbon emissions by 2050.

(cont...)

TSLG

As per global drivers

UK revenue growth forecast for
companies providing goods and
passenger transportation
projected to average 8.7% over
next 5 years - currently £7.5 bn.
Doubling of port container
throughput over next 30 years
will increase freight traffic.

UK freight is Coal (33%), Metals
(19%) and construction (16%) -
2005 survey.

UK exports to 8 largest emerging
economies (1998-2008) increased
by just over 0.5% of GDP
compared to over 3% for
Germany.

(cont...)

UK Drivers of Demand:

As per global drivers

Demand often inconsistent
throughout the day, leading to
loadings over short distances and
within certain time periods that
are radically out of proportion
over the day and over a route.
People will not use international
rail travel for time critical
journeys of more than about three
hours.

Increasing recognition of
comparative carbon costs of air
and rail travel.

Aging population.

(cont...)

UK Drivers of Demand:

As per global drivers

UK Drivers of Supply:

As per global drivers

Difficult to develop and prove
innovations and commercially
risky to bring innovations into an
operating railway

Companies of all sizes have
found it difficult to access
suitable development facilities
and funding to de-risk innovation
process in rail.

Strong and globally recognised
research base in the UK.

(cont...)
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UK government plays a key role
in rail in terms of control and
specification, reducing incentives
for innovation

5 year funding cycle act as a

disincentive for long term change.

Government specifies service
pattern of passenger services for
7-10 year duration of a franchise.
Structure of privatised railway
often results in costs and benefits
falling to different parties.
Government commitment to
deliver a package of support
(through UKT]) for SMEs to
break into overseas market
UKT]I promoting a new High
Value Opportunities programme,
where Government will support
50 key opportunities for UK
companies (e.g. Dehli-Mumbai
Industrial Corridor, High Speed
Rail in the US)

Increasing focus to liberalise
trade to markets such as India,
Canada, Singapore and Mercosur
markets (Argentina, Brazil,
Paraguay and Uruguay)

TSLG

Customer demand can vary at
very short notice, resulting in
Network Rail having to allocate
more space for freight than is
actually used on a day to day
basis

Increasing intermodal freight
transfer (from one mode to
another)

UK Drivers of Supply:

As per global drivers

The TSB estimated that UK rail
industry is £6bn of which 30% is
exports and employs
approximately 417,000 people
Small number of SMEs operating
in the UK which dominate export
sales

Large number of SMEs in niche
markets with significant latent
export potential

Larger companies tend to be
system integrators who support
and depend on substantial supply
chain of SMEs

Britain has mixed-traffic railway
where freight and passenger
trains operate on the same lines.
Strong growth in both freight and
passenger markets has put
pressure on network capacity.

UK Drivers of Supply:

32

As per global drivers

Land scarcity

Ageing workforce

21% of the UK’s green house gas
emissions are produced in
transport sector, of which 90% is
road and 2% railways.

UK Trends and Drivers Revision 6 RSSB
Political and Legal Social and Environmental Technology

Just over 40% of UK
manufacturing firms are involved
in technology innovation
compared to Germany at over
70%, and Sweden and Finland
both at 50%.
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Summary of Trends and Drivers

Revision 6 RSSB

There are eight overarching drivers that will play significant roles in influencing the rail industry,
including the increasing demand and changing ‘shape’ of demand for transportation

The key trends and drivers impacting the rail ~ Bef e EREREEET Social / Environmental | Technology

Key Global Drivers:

industry from both a demand and supply
perspective are summarised in the adjacent
table. These can be clustered into eight
overarching drivers.

Changing demand for transport

Customer expectations changing

Resource constraints

Environmental sustainability

Technology drivers

Legal drivers

Globalisation of markets and UK economic
growth

8. UK industry capability (around SMES)

No gk~ owbdPE

There are clear opportunities from a service
level point of view, as customer requirements
and expectations are changing rapidly.
Opportunities  from emerging  economies
through globalisation, provide both a source of
demand and a source of competition. Cost
reduction is another strategic driver, as the
supply base is looking to reduce costs to
improve their margins, and there is a clear
mandate from UK government to reduce the
overall costs of providing transportation. In
addition, the UK must unlock the potential of
SMEs as well as maximise downstream
potential of the its world leading research base.

TSLG

Key Global Drivers:

= Growing importance
of low carbon agenda
in global
governments

= Standardisation of
rail across Europe

Key UK Drivers:

= Structural factors in
the UK limits
incentives for long
term change

= Increased emphasis
on value for money
and cost reduction.

=  Government’s
carbon targets

Changing demand
for transport

Growing importance
of emerging markets
as a source of
demand and also
competition to
existing suppliers
Global growth will
create opportunities
at a macro and micro
level (e.g.
opportunities from
international trade, or
opportunities to
reduce congestion)

Key UK Drivers:

Customer expectations

changing

33

Opportunities for
SMEs to serve UK
and global market.

v

Resource
constraints

Environmental
sustainability

Key Global Drivers:

Significant changes
in service level
requirements from
customers
(passengers / freight)

Key UK Drivers:

Passenger
demographics
shifting and
demanding
differentiated
services (e.g. ageing
population)
Resource constraints

Technology
improvements

Legal
drivers

Key Global Drivers:

Advances in energy
systems

Advances in
communications
systems

New materials
Ageing infrastructure
requires replacement

Key UK Drivers:

Difficulty in
developing and
proving innovations
World leading
research base in the
UK

Globalisation
of markets

UK industry
capability

ARUP



*

2.3 Role of the TIC as an Enabler
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Reducing Barriers to Innovation Revision 6 RSSB

A Transport Systems and Integration TIC will not solve all challenges associated with the rail industry’s
relative weaknesses in innovation capability and barriers to innovation

The Transport Systems and Integration TIC has a role to play in enabling

innovation. However there are some important distinctions that have to be made.

The TIC will look to address:

= ‘Innovation Challenges’ and not ‘Structural Challenges’ that result from
policies, regulation and governance;

= ‘Innovation Opportunities’ and not ‘Investment Opportunities’ that can be
solved through a capital project;

= ‘TIC Innovation Opportunities’ and not ‘Other Innovation Opportunities’ that
are already addressed by other organisations; and

= ‘Current Opportunities’ at TRL 4-6 and not ‘Future Opportunities’ that are at
TRL 1to 3.

A study commissioned by TSLG (TSAG, 2009) highlighted that the railways

industry finds it difficult to see the potential for broad and radical innovation,

develop and prove such innovation and commercially risky to bring innovations

into an operating railway. Barriers that inhibit this were categorised into three

broad categories:

= Lack of a holistic systems view, and limited timescales, which makes
innovations that span multiple parts of the system, stakeholders, Control
Periods or franchises difficult to justify commercially;

= Weaknesses in innovation capability including innovation processes, culture
and lack of ability to conduct large-scale research and demonstration
programmes; and

= Perceived implementation risks, including barriers in testing and trialling,
standards and acceptance of new innovations.

The Transport Systems and Integration TIC will play a key role in addressing a
large number of these barriers, both directly and indirectly. The following table
lists all the barriers ,and identifies the role the TIC will have in addressing these.

TSLG .

Role of the TIC

Innovation
Challenges

Innovation
Opportunities

TIC Innovation

Opportunities

Current TIC

Opportunities
(e.g. TRL 4-6)

VS

Not Supported by TIC

Structural
Challenges

Investment
Opportunities

Other Innovation
Opportunities

Future TIC

Opportunities
(e.g. TRL 1-3)
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Reducing Barriers to Innovation

A Transport Systems and Integration TIC will play a key role in removing some existing barriers to
innovation in the UK railway industry

Of the barriers identified within the TSAG report (2009), the key roles the TIC should play in reducing their impact are identified by “Yes’ in the table
below. A quick poll of a small group of industry representatives at one of the workshops held during this engagement highlighted the strong agreement to
the TIC enabling the monetisation of innovations, and in enabling access to test facilities.

Current Barriers to Innovation in the Rail Industry Role of TIC

1

© 00 N o o B~ W N

10

TSLG

Lack of alignment of business drivers and incentives

Lack of clarity about opportunities that cross system or organisational boundaries
Incomplete understanding of customers’ business priorities

Constrained timescales within which benefits must be delivered

Franchise conditions that can encourage delaying of innovation

Small market for applications unique to GB

Problem in monetising benefits of innovation within the organisation (business model)
Concerns about risks exceeding rewards (safety and reputation)

Cultural barriers from history of frustration about innovation

Likely weakness in innovation processes / resources and competencies

Lack of access to testing and trialling facilities

Acceptance processes are not sufficiently understood by suppliers or flexible enough
Inability to find equitable management of implementation risk

Innovators perceived inadequate IP protection under cost focused procurement processes
Robustness of maintenance / operational practices relies on long experiences of colleagues
Standards seen as barrier, with fragmented understanding of their creation, development and change

Perception of conservative, elitist and reactionary risk approach by many observers

36

No
Potential
Potential

Yes
No
Indirect
Yes
Yes
Indirect

Yes

Yes
Potential
Potential
Potential

No

No

Indirect
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Commercialising the UK’s World Leading Research

The UK are world leading researchers in VVehicle dynamics, Vehicle-track interface, Noise and vibration,
Aerodynamics, Rail freight and logistics, and Track and railway structures

Revision 6 RSSB

As a future centre of excellence in innovation, the TIC must work very closely with UK academia. As the UK is a country with more top ranking
universities and Nobel prize winners than any other country except the US, collaboration with the research base must be a priority. These organisations will
generate new thinking (TRL 1-3) that will feed into the TIC, whose aim is to support further development of associated technologies such that they are
ready for market. Using interviews and the EURNEX survey in 2006, a view of the universities in the UK that have specialist areas of expertise in rail were

identified in the table below. Those that carry out world leading research are highlighted in bold.

High Education Institution Department Recognised Area of Expertise

1
2

University of Birmingham

Imperial College London

University of Leeds

Manchester Metropolitan University

Loughborough University

Newcastle University

University of Nottingham

University of Sheffield

University of Southampton

TSLG

Centre for Rail Research and Education

Future Rail Research Centre

Institute for Transport Studies

Rail Technology Unit

Control Systems Research Group

NewRail Research Centre
Including its Barrow Hill test track

Centre for Rail Human Factors
MERail Group

Institute of Sound and Vibration Group

37

Aerodynamics

Vehicle dynamics
Vehicle-track interface
Energy and Power systems
Materials technology

Transport economics

Vehicle dynamics
Vehicle-track interface

Vehicle dynamics and control
Mechatronics

Rail freight and logistics

Light weight, crashworthy structures
Wear and fatigue simulation

Systems engineering (interoperability)

Human factors

Design
Materials

Noise and vibration
Track and railway structures

ARUP
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The TIC will not carry out research that would otherwise be carried out by industry, as its aim is to create
additionality

In addition to academic research, industry also carries out research, but with more of a commercial agenda. The TIC will not be carrying out research that
would otherwise be carried out by industry, as its aim is to create additionality.

In addition, it is difficult to form a complete view of the activities of industry, as industry research may well be restricted to the innovators and
entrepreneurs involved.

When identifying focus areas for the TIC, the question must be asked, whether the UK currently has strengths in a particular area of research, and whether it
is in a position to compete or collaborate with other academic and industry researchers globally.
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Global Rail Research Focal Areas Revision 6 RSSB

The research agenda of the European Union is particularly important as organisations in the UK can
compete for European funding

To better understand the areas of global research in rail, a number of organisations around the world were reviewed. These organisations either sets the
national research agenda, or carries out research themselves. This review is not intended to form an exhaustive list of research and does not consider the
size of funding of each research focal area, but can be used as a proxy of government investment into a particular technology area, provides an indication of
potential competitive research, and also identifies opportunities for collaboration. The research agenda of the European Union is particularly important as
organisations in the UK can compete for European funding.

Annual reports and publications by these research organisations were reviewed to identify specific areas of research and investment in terms of technology,
system and process innovations.

EU European Rail Research Advisory Council (ERRAC) Focal areas (as identified by their Strategic Rail Research Agenda 2020):
= Mission is to help revitalise the European rail sector = Intelligent mobility (customer focus, service flexibility, compatible ticketing
and make it more competitive, by fostering across EU and transport modes)
increased innovation and guiding research efforts at = Energy and environment (reducing dependence on fossil fuels, energy
European level. efficiency, weight reduction, reducing noise/vibration)

= Personal security (from vandalism to terrorism, satellite navigation)

= Test, homologation and security (passenger fatalities, operational
performance / degraded operation, cost of safety acceptance)

= Enabling technologies (enabling concepts related to interface harmonisation
and modularity, lifecycle cost reduction, efficient construction methods)

= Strategy and economics (models to better understand costs of operating and
maintaining rail infrastructure)

= Infrastructure (cost efficient maintenance, maintenance free, interoperable)
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USA

Japan

TSLG

Transportation Technology Centre Inc

= TTCTI’s vision is to be the worldwide provider of
choice for high value rail transportation technology
development, testing, standards and training

Railroad Research Foundation

= A policy research organisation devoted to sustaining
a safe, secure, technologically advanced and
productive market-place driven railroad industry

Federal Railroad Administration

= Part of the FRA’s mission is the research and
development to support improved railroad safety and
national rail transportation policy.

Railway Technical Research Institute

= The RTRI challenges innovation on railway
technologies covering from basic research to
application

Track (keyed insulated joint, signal wire connection s on track, rail fatigue)
Track / train interface

Control and Communications (high accuracy GPS, positive train control,
narrowband emissions)

High speed rail

Testing (aerodynamic modelling)

Training centre (security and emergency response)

Security
Safety and technology (wireless communications, positive train control)

Vehicle/track interaction modelling and simulation
Safety (inspection and monitoring, fault detection, reliability)
Intermodal transportation

Maglev (superconducting magnet)

Natural disasters (lateral damper to prevent derailment during earthquakes)
High efficient utilisation of energy (aerodynamics, weight, new power
systems / fuel cells)

Maintenance (condition monitoring, fault detection, failure prediction, low
maintenance tracks)

Intermodal (technologies at/around stations to make transfers simpler)
Simulation (functional railway simulator, virtual running test environment,
post derailment behaviour simulation)
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India

China

Korea

Australia

TSLG

Research Design and Standards Organisation
= India’s Research Design and Standards Organisation
tests and conducts applied research in rail.

China Academy of Railway Sciences

Korea Railroad Research Institute

CRC for Rail Innovation

= CRC is a collaborative research organisation set up
as a venture between leading organisations in the
Australian rail industry and Australian Universities.

Ultra portable track monitoring systems

Heavy haul technologies

Vehicle dynamics

High speed tech

Track research

Energy efficient traction power supply system,

Maglev

Integrated processors for railway application

Material sciences for railway related composites

Acrtificial intelligence for predictive maintenance and management

Information not readily available

Advanced material tilting train

Rail safety systems

Urban transit standardization

Light Rail Transit (LRT) systems

Bimodal transportation systems

Advanced Electric Multiple Unit (EMU) systems
High speed rail

Logistics standardisation

Climate change and the environment
Safety & security

Performance

Urban rail access

Workforce development

Smart technologies
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2.4 Technologies, Systems and Processes
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Technologies, Systems and Processes
Rail innovations can be described in terms of specific, technologies, systems or processes

Revision 6 RSSB

Rail innovations can be described in terms of specific technologies, systems or processes, or those that cut across multiple technologies, systems and

processes. A list of potential innovations are summarised in the tables below.

Potential Technology, Systems and Process Innovations Potential Technology, Systems and Process Innovations

Rolling Stock

Power and
Energy

Track and
structures

TSLG

Optimised track-train interface
Highly reliable rolling stock
Extended life rolling stock
Light-weighting

Energy reduction

Active suspension

Materials

Automated Train Operation
Driverless trains

Intermodal containers
Noise and air quality
Minimising wear and tear
High capacity trains

Alternative fuels

New forms of energy (fuel cell)
Electrification systems

Low energy demand vehicles
Regenerative braking technologies
Energy storage

Distributive power through train length

Optimised track-train interface
Minimise wear and tear

High reliability infrastructure
Minimise railway noise
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Control and
Instrumentation

Data and
communications

Stations /
Buildings

Automated
maintenance

European Rail Traffic Management System
(ERTMS) and benefits on capacity

Cab signalling

Intelligent management of auxiliaries

Fly by wire control systems

Intelligent traffic management (real time control
and movement optimisation)

Energy metering

Intelligent communication systems
Integrated monitoring of safety, security and
health

GIS

Data mining

Intelligent mobility (vehicles communication
with each other)

Modular stations

Cross docking facilities (intermodal freight
transfer)

Ticketing

Design and Crowd Management

Optimised whole life costs
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Technologies, Systems and Processes

Some innovations cut across multiple technologies, systems and processes

Potential Cross Cutting Areas of Innovation Potential Cross Cutting Areas of Innovation

Customer Focus

Asset
Rationalisation
and
Standardisation

Interoperability

Increase
Capacity

TSLG

Ticketing and reservation systems
Intelligent mobility (management and
optimisation of passenger / goods flow)
Journey planning

Live scheduling

Movement integration (end to end journey)
Freight planning

Passenger data and information systems
Service quality improvement

Disruption management (optimised management
/ telling customer what is going on)

Maintenance

Modularisation of trains and infrastructure
COTS equipment

Asset condition monitoring

Asset valuation

Asset Optimisation (data collection to improve
reliability)

Information Systems

Cross acceptance (EU-UK) Low Carbon
European Rail Traffic Management System Technology
(ERTMS) — Level 2 Sharing
ERTMS — Level 3 End to End
Driver advisory systems Journey

Short headway running
Braking systems

Operations and

Management and optimisation of train movement
Waste disposal

Maintenance, diagnostic and decision support
tools for trains and track

Health monitoring and fault detection

Lean services

Whole system reliability (reducing unplanned
maintenance)

Remote condition monitoring

Line of sight working (human factors, risk and
mitigations)

Safety and security

Lifecycle costs and availability

Yield management (improved utilisation)
Improved hubs (improving train throughput)
Railway segregation (tailored services to
different market segments, with different
operating requirements)

Low carbon operations

Leveraging technologies from outside rail

Through ticketing, dynamic ticketing and
demand management

Journey decision support

System optimisation

Smart transport hubs
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Innovation Themes

Revision 6 RSSB

Key innovation areas the TIC will focus its efforts on are ‘System Optimisation and Operation’, ‘Energy
Strategy and Management’, ‘End to End Journey’, and ‘Modal Integration and Convergence’

The technology, systems and process areas can be categorised into four key innovation themes. Although this has been developed through consultation with
railway industry stakeholders, the themes are applicable to all transport modes.

System Optimisation and

Operation

Energy Strategy and
Management

End to End Journey
(passenger & freight)

Modal Integration and
Convergence

Traffic management and

control systems
(also includes multi-modal disruption
management)

Propulsion energy
management systems

E2E "journey assistant" systems
(journey planning, ticketing, in-transit
advice, freight logistics)

Land-based modal

convergence technologies
(PRT, guided bus-ways, road-trains)

Transport demand management

Economic modelling and planning

Whole system energy demand

management and optimisation systems SEENTE SIS 07 [ SIeMSD CIfhEe

(passenger/freight flow management) mode transport systems

Inter-modal transfer and ‘seamless
journey’ systems

Sustainable energy production,

IYEF T STy PRI storage and re-fuelling technologies

Driverless / automatic /
autonomous vehicle operation

Energy efficient interfaces
(surface technologies;
wheel-guideway interfaces etc)

Security monitoring / management
systems

Intelligent / integrated braking

control systems
(closed loop control)

Light-weighting

Asset health monitoring

diagnostic / prognostic systems
(reliability management)

TSLG

Positioning / tracking systems,
transport data and information systems
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Innovation Themes

Revision 6 RSSB

The table below describes each theme in relation to integration of transport modes as seen from the rail sector. While some of the innovation and technology
areas described below are rail specific, the majority are applicable across the different transport modes.

System Optimisation and
Operation

Energy Strategy and
Management

End to End Journey

Modal Integration and
Convergence

TSLG

This theme deals with a wide range of topics from transport system reliability to asset management. It covers a number of

technology and innovation areas, including:

= Control systems, Next generation traffic management, Driver advisory systems, Intelligent braking / control systems, Asset
health monitoring / condition monitoring

= Whole system energy demand monitoring and optimisation systems (Note: This in particular crosses over with Energy Strategy
and Management theme)

While energy strategy and management is a common theme across virtually all business sectors in the UK. In terms of transport it

has particular unique areas of focus that is unique and additive to what is already occurring. This includes both energy production

and efficient energy use. For example:

= Propulsion energy management systems, sustainable energy production, alternative fuels, storage and refuelling, energy
efficiency interfaces, light-weighting (lighter trains to reduce energy consumption), differential ticket pricing for choosing
low-energy routes, differential timetable management optimising for different criteria at different times of day(such as
capacity, energy use)

At one level, the end to end journey as a theme is the embodiment of what transport systems integration means. However, more

specifically it can be interpreted as a journey planning and traffic management topic as follows:

= E2E journey assistant systems (journey planning, ticketing, in-transit aid device — dynamic journey planning, freight logistics),
Transport demand management systems (passenger and freight flow management), Security monitoring / management systems

= Inter mode transfer and seamless journey systems (Note: This in particular crosses with Modal Integration and Convergence
theme)

Whereas the End to End journey theme is about improving the connectivity between different transport modes, this theme is
about: Challenging conventional concepts of the various modes — specifically, looking at modes that combine the best of rail and
road transport

= Personalised Rapid Transit (PRT) systems, guided busways , road trains etc
= Developing economic models and toolkits to optimise the mix of transport modes for given situations (such as mega cities).
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These four themes have been chosen as they respond strongly to key global trends and drivers, but more importantly also respond to trends that will shape
the UK in the future. They present an opportunity for the TIC to demonstrate innovations in the UK, which will form the basis of attracting interest from the
global market.

Although the UK is not necessarily the world leader in rail research across broad areas of each of these themes, as a multi-modal TIC, there is significant
value to be gained by rail in joining up with leading UK researchers and supply chains in sectors such as automotive. This creates additionality, as it can be
argued that areas of UK research strengths are well known to industry and UK companies are already capitalising in these areas (i.e. in terms of vehicle
dynamics, and vehicle-track interface, and noise and vibration). There are significant innovation opportunities through collaborations within and between
transport modes. Solid State Interlocking (SSI — see note 1 below) is an example where a collaboration in the 1980s between British Rail, Westinghouse
and General Electric, resulted in the development of a technology that is now used throughout the world.

These four themes also have strong alignment with the rail research priorities of the European Union. European priorities are important as Europe will
provide significant funding opportunities for the TIC. As an example, €4.16 billion of funding is available under Framework Programme 7 (FP7), running
from 2007 to 2013 for transport. Funding priorities for rail elements of FP7 are interoperability, intelligent mobility, safety / security, environment and
innovative materials / production methods. ERRAC’s strategic research priorities have been taken as a proxy for future European Commission priorities and
hence funding areas for rail research.

Additional comparators used to validate the four themes were the Automotive Council’s recently endorsed technology focus areas for a TIC, and the Marine
Industries Leadership Council’s (MILC) themes for innovation. Of the MILC’s themes, ‘Maritime consultancy and related services’ was excluded as that is
not an innovation theme as has been described in this document, and ‘Offshore deployment vessels and energy farm support through life” and ‘Exportable
naval vessels and systems’ were combined into one theme called ‘Vessels and Systems’.

Note 1: In railway signalling, an interlocking is an arrangement of signal apparatus that prevents conflicting movements through an arrangement of tracks
such as junctions or crossings.
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Innovation Themes
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‘System Optimisation and Operation’, and ‘Energy Strategy and Management’ are relevant innovation
themes for the TIC as they respond to a number of important trends and drivers

Specific areas of alignment with global and UK drivers, EU research priorities, the Automotive Council and MILC’s innovation themes have been provided
in the following tables, with the highlighted cells showing the areas of alignment.

Energy Strategy and
Management

End to End Journey

Modal Integration and
Convergence

Changing levels and

shape of demand

Tech. Improvements

Environmental
sustainability

Resource Constraints
Legal Drivers
Globalisation

UK industry capability

Vehicle dynamics
Vehicle-track interface
Noise and vibration
Transport economics
Human Factors

Rail freight / logistics

Track and railway
structures

Aerodynamics

Intelligent mobility
Energy / environment
Personal security

Test, homologation and
security

Enabling technologies
Strategy and economics

Infrastructure

Energy storage and
management

Electric motors and power
electronics

Internal combustion
engines

Lightweight vehicle and
power train structures

Intelligent mobility

Innovation Themes Key Global and UK World Leading EU Priorities Automotive Council MILC Technology
UK Drivers Research Areas (ERRAC) Technologies Themes

1-ship (decision support)
Lean support processes
Anti fouling coatings
Green propulsion

Ergonomics / Ease of use
leisure craft

Ballast water solutions

Vessels and systems

Innovation Themes Key Global and UK World Leading EU Priorities Automotive Council MILC Technology
UK Drivers Research Areas (ERRAC) Technologies Themes

System Optimisation
and Operation

End to End Journey

Modal Integration and
Convergence

TSLG

Changing levels and
shape of demand

Tech. Improvements

Environmental
sustainability

Resource Constraints
Legal Drivers
Globalisation

UK industry capability

Vehicle dynamics
Vehicle-track interface
Noise and vibration
Transport economics
Human Factors

Rail freight and logistics

Track and railway
structures

Aerodynamics

Intelligent mobility
Energy / environment
Personal security

Test, homologation and
security

Enabling technologies
Strategy and economics

Infrastructure
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Energy storage and
management

Electric motors and power
electronics

Internal combustion
engines

Lightweight vehicle and
power train structures

Intelligent mobility

I-ship (decision support)
Lean support processes
Anti fouling coatings
Green propulsion

Ergonomics / Ease of use
leisure craft

Ballast water solutions

Vessels and systems

ARUP
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Revision 6 RSSB

‘End to End Journey’, and ‘Modal Integration and Convergence’ are relevant innovation themes for the
TIC as they respond to a number of important trends and drivers

Innovation Themes Key Global and UK World Leading EU Priorities Automotive Council MILC Technology
UK Drivers Research Areas (ERRAC) Technologies Themes

System Optimisation
and Operation

Energy Strategy and
Management

Modal Integration and
Convergence

Changing levels and
shape of demand

Tech. Improvements

Environmental
sustainability

Resource Constraints
Legal Drivers
Globalisation

UK industry capability

Vehicle dynamics
Vehicle-track interface
Noise and vibration
Transport economics
Human Factors

Rail freight and logistics

Track and railway
structures

Aerodynamics

Intelligent mobility
Energy / environment
Personal security

Test, homologation and
security

Enabling technologies
Strategy and economics

Infrastructure

Energy storage and
management

Electric motors and power
electronics

Internal combustion
engines

Lightweight vehicle and
power train structures

Intelligent mobility

I-ship (decision support)
Lean support processes
Anti fouling coatings
Green propulsion

Ergonomics / Ease of use
leisure craft

Ballast water solutions

Vessels and systems

Innovation Themes Key Global and UK World Leading EU Priorities Automotive Council MILC Technology
UK Drivers Research Areas (ERRAC) Technologies Themes

System Optimisation
and Operation

Energy Strategy and
Management

End to End Journey

TSLG

Changing levels and
shape of demand

Tech. Improvements

Environmental
sustainability

Resource Constraints
Legal Drivers
Globalisation

UK industry capability

Vehicle dynamics
Vehicle-track interface
Noise and vibration
Transport economics
Human Factors

Rail freight and logistics

Track and railway
structures

Aerodynamics

Intelligent mobility
Energy / environment
Personal security

Test, homologation and
security

Enabling technologies
Strategy and economics

Infrastructure
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Energy storage and
management

Electric motors and power
electronics

Internal combustion
engines

Lightweight vehicle and
power train structures

Intelligent mobility

I-ship (decision support)
Lean support processes
Anti fouling coatings
Green propulsion

Ergonomics / Ease of use
leisure craft

Ballast water solutions

Vessels and systems
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Innovation themes can be considered in terms of specific technologies, which have different levels of

alignment with other transport modes

Within each innovation theme there are a number of opportunities for innovation, including a range of areas where the UK is or could be in a world leading
position in the rail sector and / or across transport modes. A list of potential innovations are provided in the tables below, including a summary of how

closely they are related to innovations in other transport modes.

Systems Optimisation and Operation (Potential Innovations)

Automated train operation system (with ERTMS integration)
Reduced cost driverless system

Live scheduling control system and software

Real time train positioning software and hardware (Doppler radar,
video recognition, etc, all requiring systems integration)

= Intelligent traffic management (software supported by sensors)

= Sensors for health monitoring

= Intelligent braking systems (brake predicts own performance and
integrates with other subsystems)

Condition monitoring and prognostic algorithms / software
Decision support software

Modular infrastructure components and COTS components

Non damaging vehicle track interaction

Areas of Alignment with other Transport Modes

= Automated vehicle systems are of increasing interest in the road
transport arena, as the idea of car trains and automated car spacing
gains prominence.

= Intelligent traffic management and positioning software clearly have
cross over in other modes, particularly if transport in the UK is
ultimately to be regarded as a single system.

= Condition and health monitoring and modular infrastructure are also of
key significance in road and marine in particular.

= Intelligent braking could form part of the traffic management / car train
technologies for road transport.

Energy Strategy and Management (Potential Innovations) Areas of Alignment with other Transport Modes

= Power electronics

= Electric traction converters

= Capacitor or Fuel cell technology

= Flywheel energy storage

= Regenerative brakes

= Whole system energy optimisation (optimum vehicle, optimum energy
source, optimum ticket (or road) pricing strategy to produce most
energy-efficient use of transport
Smart grid concepts (imported into railway)

TSLG
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= Energy storage and use is a critical area for all sectors of transport. This

goes beyond generation to optimising energy use both through vehicle /
mode choice and using pricing strategies etc to spread the load on the
transport network in such a way as to optimise energy use.
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End to End Journey (Potential Innovations) Areas of Alignment with other Transport Modes

= EZ2E journey planning mobile application = This theme is clearly equally applicable to all transport modes, and

= Smart ticketing system hardware and software gains an added level of relevance when used to plan and deliver

= Intelligent sighage journeys on a truly integrated transport system, where we can imagine

= Intelligent mobility (optimising nation’s movement of customers being able to optimise their journey for a number of different
passengers/goods; vehicles talking to each other) factors including time, carbon, availability of capacity (for freight), etc.

= Information processing software to enable a cross modal connected
service (goods and freight)
= Yield management concepts

Areas of Alignment with other Transport Modes

= Personal Rapid Transit = This theme is applicable to multiple transport modes. It looks at new

= Guided busways models for modal integration, where the traditional technology, systems

= Road-trains and business models for transport in each mode are radically changed.

= New business models for transport provision It takes innovations and best practices in one mode, for adaptation in
another.

= By considering ‘Transport’ as an entire system, new business and
economic models can be developed to shape how transport is provided
in the future. A system view will ensure that transport infrastructure can
be ‘optimised’ to maximise economic impact (e.g. Optimisation of
transport corridors to maximise property value or economic
development by considering benefits / impacts of building a highway vs
a railway)
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The innovation focus of the TIC will flex and adapt to any future scenarios that emerge for the transport
industry
The four innovation themes identified provides a means of articulating an overarching technology strategy for the TIC, however the business planning

horizon is typically not greater than five years, whereas research strategies published by TSLG look forward 30 years. It is therefore anticipated that the
focus of the TIC will flex and adapt to any future scenario that emerges for the transport industry.
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Source: Sustainable Rail Programme Futures Scenarios (RSSB, 2008)
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2.6 Potential Activities of a Transport Systems
and Integration TIC
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Potential Range of Activities Revision 6 RSSB

Potential activities of a Transport Systems and Integration TIC can be categorised into Facilitation,
Research and Development and Service Provision

There are a range of activities that can be carried out within the TIC to achieve the success factors highlighted earlier. These activities are categorised into
the three areas of Facilitation, Research and Development, and Service Provision. Similarly focused organisations were benchmarked to determine their
range of activities and business model. These organisations included the Fraunhofer Institutes, MIRA Ltd, Transportation Technology Centre Inc (TTCI),
TNO (Netherlands) , Rail Innovation Australia (RIAust) and the Institute for Sustainability (IfS). These benchmarks were used to refine the business model
of the TIC, and to identify a range of potential revenue generating opportunities.

The activities within each category are:

Facilitation

= Facilitation of Collaborations
= Research Management

= Dissemination

Research and Development

= Core Research (TRL 1-3)

= Research Screening

= Research, Development and Demonstration (TRL 4-5)
= Prototyping and Sandpitting (TRL 6)

= QOperational Testing / Integration (TRL 7-8)

= Commercialisation

Service Provision

= Engineering / Design Services

= Testing Services

= Training Provision

= Intellectual Property Management / Licensing
= Certification Services
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A description is provided of each of these activities from benchmarks of the organisations listed
previously

Facilitation of Collaborations Facilitation of collaborations brings together academia, large corporations and SMEs to collaborate on new projects.

These organisations will be from the demand side, supply side and key enabling stakeholders such as government

bodies and owners of test facilities. This activity:

= [s an independent ‘marriage brokerage service’ that breaks down silos;

= Brings organisations together, ensuring an integrated process from research through to testing and
commercialisation;

= Will bring technological subsystems together;

= A forum that creates intermodal collaborations; and

= Provides an opportunity to learn from other sectors within transport and industries outside transport.

Research Management Research management is the management of research to ensure that predetermined outcomes from the research are
realised. These outcomes are in the form of either research outputs, timescales, budgets or economic development
impact. The research management activity does not include carrying out research, development and demonstration
activities. An example of research management is that carried out by the Institute for Sustainability. The Institute
carries out research management to ensure that their university and industry collaborative projects are able to enable
jobs creation within SMEs involved in the collaboration and wider economic development.

Dissemination Dissemination includes the sharing of learning from research collaborations widely throughout the industry,
increasing opportunities for UK organisations to benefit from learning. Organisations involved in the collaborations
are not disadvantage as a result of dissemination, as they will already have a head start and foothold in the market.

Core Research (TRL 1-3) Core research includes carrying out scientific research that is within Technology Readiness Levels (TRL) 1-3.

Research Screening Research screening involves identifying the commercial viability of research that is at TRL 3-4. Organisations such
as the Fraunhofer Institutes invest significant amounts of time in Research Screening and feasibility studies. An
organisation that is able to select the most viable opportunities will attract additional contract funding as it becomes
recognised as an organisation that can realise tangible benefits.

Research, Dev. and Demonstration Research, development and demonstration takes a project from TRL 4-5. Tt is the ‘Ideas’ stage for a specific
(TRL 4-5) technology, system or process. ldeas that have moved out of the conceptual (TRL1-3), and ready for further research
into a tangible output.
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Prototyping and Sandpitting (TRL 6)

Operational Testing / Integration
(TRL 7-8)

Commercialisation

Engineering / Design Services

Testing Services

Training Provision

IP Management / Licensing

Certification Services

TSLG

Prototyping and sandpitting is the typical activity carried out at TRL 6. This stage is where technology, system or
process innovations go through a stage of ‘play’. Prototypes and demonstrators are built and tested in a virtual or
quasi-operational environment.

Operational testing and integration occurs for innovations at TRL 7-8. Innovations at this stage have been proven as
prototypes but not ready for launch. This stage involves testing innovations in an operational environment and putting
a case forward for wider deployment.

Commercialisation involves taking proven innovations to market, selling it in the UK and globally.

Engineering and design services are typical consultancy services, where a client employs an organisation to provide
specialist engineering advice. Organisations like MIRA offer this service to large corporations. This service offers an
attractive source of revenue and requires a business model different to that of traditional research organisations.

Testing services are provided by specialist test facilities. The business model of these organisations require them to
generate or attract demand for the test track to maximise its utilisation. Large test tracks require significant capital
funding for establishment, and significant funds for maintenance during operations. A significant capital grant or
source of demand is required for this business model to be sustainable.

Training provision can be in the form of academic or vocational training. They typically use the organisation’s
internal experts, research or brand to attract interest and demand. Some organisations partner with universities to
provide masters level courses.

Intellectual Property (IP) management and licensing involves helping organisations manage the intellectual property
that comes out of collaborations, and the protection of existing IP as organisations go into collaborations. Some
organisations such as Fraunhofer that have developed valuable innovations may be involved in licensing and generate
a valuable stream of income.

Certification services are offered by organisations like Fraunhofer, MIRA and the Transportation Technology Centre
Inc (TTCI) who have accredited test facilities and laboratories, and can hence offer this service without significant
investment in new assets.
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To reduce barriers to innovation, the TIC must support demonstration, commercialisation and testing
activities

Barriers to innovation in the railways industry were previously described. Using these innovation barriers, key roles the TIC should play are identified in the
table below. The key roles identified through the poll previously described, ranks the TIC activities of ‘Commercialisation’, ‘Demonstration” and ‘Testing’
very strongly.

Current Barriers to Innovation in the Rail Industry Role of TIC TIC Direct Activity

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

Lack of alignment of business drivers and incentives

Lack of clarity about opportunities that cross system or organisational boundaries
Incomplete understanding of customers’ business priorities

Constrained timescales within which benefits must be delivered

Franchise conditions that can encourage delaying of innovation

Small market for applications unique to GB

Problem in monetising benefits of innovation within the organisation (business model)
Concerns about risks exceeding rewards (safety and reputation)

Cultural barriers from history of frustration about innovation

Likely weakness in innovation processes / resources and competencies

Lack of access to testing and trialling facilities

Acceptance processes are not sufficiently understood by suppliers or flexible enough
Inability to find equitable management of implementation risk

Innovators perceived inadequate IP protection under cost focused procurement processes
Robustness of maintenance / operational practices relies on long experiences of colleagues
Standards seen as barrier, with fragmented understanding of their creation, development and change

Perception of conservative, elitist and reactionary risk approach by many observers

TS LG .

Potential
Potential
Yes
No
Indirect
Yes
Yes
Indirect
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Potential Range of Activities Revision 6 RSSB

Activities can be described diagrammatically, showing flows of value in a Facilitation, and a Research and
Development value chain, as well as the key areas of service provision

Facilitation and Management Value Chain

Research

Facilitation of
Collaborations

Opportunity Research

Identification

Dissemination

Management

Research and Development Value Chain
Research

Screening

Research Prototyping / Ops Testing /

Core Research
Development
WREES) (TRL 4-5)

Commercialisation

Sand-pitting Integration Operations and

(TRL 6) (TRL 7-8) JILETE T

Maintenance

Service Provision

Engineering /
Design Services

IP Management / Certification

Testing Services Training Provision Licensing Services
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Comparison of Activities to Similarly Focused Organisations Revision 6 RSSB

Core activities (X) and secondary activities (x) of similarly focused organisations are highlighted below,
In comparison to the proposed activities of the Transport Systems and Integration TIC

The table below sets out the activities carried out by Fraunhofer Institutes, MIRA Ltd, TTCI, TNO, RIAust, and IfS compared to the proposed activities of
the TIC. Network Rail and RSSB have also been included for comparison purposes. Further details are available in the Supporting Information section of

thisd t.
o

E X I S
©

X | X x

§ X X X(whole system)
X X x X X x X
g X X X X X %
@

< Engineering / Design Services X X

.é Testing Services X X X X a
% Training Provision X X X X X
; IP Management / Licensing X X X X X X
? Certification Services X X X X
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Business Model of a Transport Systems and Integration TIC

The TIC is an organisation that accelerates and forces innovation, breaking down silos to enable truly

integrated innovation

The following list summarises the potential business model of the Transport

Systems and Integration TIC. It forms the basis of the next section of this report

and the pitch to the Technology Strategy Board.

= The Transport Systems and Integration TIC is about integration and cross
sector innovation, bringing together organisations that would not otherwise
come together. This applies for innovations that bring all transport modes
together (intermodal innovations); to those innovations that can be adapted
for use across multiple transport modes (common innovations); and
innovations that integrate systems but only relevant to a specific transport
mode (systems innovations).

= The TIC will begin by facilitating collaborations. These collaborations will
be between the knowledge base and industry, involving large suppliers as
well as SMEs. In addition, the TIC will ensure that innovation opportunities
with respect to the demand side of transport are tapped into, providing a
forum that will create intermodal collaborations. The TIC will break down
silos present in the industry, bring subsystems together, facilitating
conversations amongst the supply side and with the demand side. This will
lead to new innovations and partnerships that would not have otherwise
occurred. Hence the innovations that come out of a TIC are not specific
technologies or services, but are integrated systems that only exist because
traditional barriers have been broken down.

= After the potential innovations and associated partnerships have been
identified, the TIC will play a key role in making the innovations happen
through design, development, demonstration and deployment (taking
innovations through TRL 4 to 6).

= The TIC is a location where innovation partnerships can ideate, play and test.
Prototyping, sand pitting and simulations will be possible through facilities
and synthetic environments provided within the TIC.

TSLG .

Marine

Intermodal
Innovations

Rail Automotive

stems Innovation

Aviation

ARUP



Business Model of a Transport Systems and Integration TIC Revision 6 RSSB

The TIC will enable operational testing, as innovation within the project environment needs to be supported by demonstration in an operational environment.
For rail in particular, finding a suitable test facility is seen as a barrier to innovation. The TIC will facilitate testing on an operational railway, as well as build
relationships with existing organisations offering test facilities and coordinate access into them. This will benefit both projects that need test facilities as well as
providing a pipeline of projects for these existing test facilities (this pipeline will facilitate improved planning and increased utilisation of existing test facilities).
As the TIC grows to an organisation with £15-£20m annual income, demand will increase to a level that may justify the need for a dedicated railway test track.
This demand will create interest from investors to finance such a facility with minimal to no government subsidy, and with the TIC taking on the full lease or
acting as anchor tenant.

For rail, beyond operational testing, the TIC will engage groups such as TSLG, RSSB, DfT, London Underground and Network Rail to ensure innovations are
included in the next round of rail standards and requirements, creating a demand for innovations. This will provide UK industry with a head start, enabling the
innovation to be demonstrated operationally in the UK and attract interest internationally, leading to exports.

The TIC will have access to entrepreneurial skills and experts in intellectual property management and licensing, ensuring that background IP of partner
organisations are protected, but benefits resulting from foreground IP are shared and retained by the innovation partnerships.

This is the unique value proposition of a Transport Systems and Integration TIC. It is an organisation that accelerates and forces innovation, breaks down silos
to enable truly integrated innovations, where the supply and demand side work together with policy makers in collaboration. Collaborations that will bring
innovations to market sooner, and address the most significant market failure in the railway industry. The TIC will firstly address UK needs, and then use this to
leverage and create global opportunities.
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Each of the four innovation themes identified involve different types of innovation opportunities, spanning
across intermodal, common and systems innovations

The four innovation themes identified span across the various innovation opportunities.

= System Optimisation and Operation innovations span across common innovations and systems innovations. It is unlikely that these innovations can be
used across all modes without being adapted (hence they are not intermodal).

= Energy Strategy and Management innovations span across common innovations and systems innovations. For example, alternative energy storage
solutions may be applicable for one transport mode but will need to be adapted to another (common innovation); but there maybe other innovations
related to energy efficiency that are only relevant to a specific transport mode (systems innovations).

= End to End Journey includes intermodal innovations that have been created specifically to integrate all transport modes, and fall apart if one or more
modes are excluded from the innovation.

= Modal Integration and Convergence includes innovations that span across intermodal and common innovations.

Marine

Rail Automotive

Key:

Intermodal Innovations

Systems Innovations
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An Approach to Evaluate Economic Benefits Revision 6 RSSB

There are three approaches that can be used to evaluate economic benefits of a TIC, a bottom up approach
which requires detailed market assessment, using top down indicators, or through comparable case studies

To identify economic benefits, there are a number of approaches to value the potential impact of the take up of new innovations in the rail industry and the

potential for European and global roll out.

= A bottom-up approach provides an insight into the potential value of new developments. This can be achieved in a number of ways. In ideal terms a
wider ranging consultation exercise with industry will identify research projects which are ready to progress along the Technology Readiness Level from
3 or 4 towards 9 progressing from design and demonstration to deployment and eventual commercialisation. This would enable a compelling case to be
made to government on the additional value of a Transport Systems and Integration TIC, as well as help to begin to shape the research programme and
identify the match funding which would be catalysed and the market failure which is being addressed and additionality that can be generated. This
requires a detailed market assessment involving extensive primary and secondary research which takes time and substantial resources, and the
contribution of innovators who in all likelihood will be seeking to protect any truly groundbreaking innovation until it is developed further. Hence the
projects may not be visible or tabled for consideration at this stage.

= Another approach to valuing the potential economic benefits is to analyse top-down indicators of the returns to investment in R&D and innovation.
Where this is based upon robust comparable evidence this provides a framework for the potential economic benefits which may be realised by new
integrated transport solutions that are catalysed out of the rail industry and UK economy. In particular the wider benefits or so called ‘R&D spill-overs’
are the important consideration here.

= An alternative approach is to identify comparable case studies which are commensurate with a £60 million R&D programme over four years, where
£20m is from the TSB, £20m competitively won from public and private collaborative research contracts, and £20m from industry.

= It is also important to ensure that the focus of the innovation is within technologies, specific products and niche service offerings which are exportable
and can deliver tangible added value and wider economic benefits.

= In this respect, developments which reduce fuel consumption (reduced carbon emissions have global benefits which need to be factored in) create
efficiencies, and improve reliability, whilst extremely important tend to benefit industry primarily. These benefits can be passed onto the customer and
benefit the economy through reduced costs, journey time savings and increased reliability which improve the end to end journey time and experience. In
respect of demonstrating economic impact to make a compelling case for investment in the rail component of the Transport Systems and Integration
Technology Innovation Centre it is clearer to make a case based upon new business creation, private sector job creation, turnover, gross value added and
export potential.

= To focus the economic benefits case narrowly on the industry benefits, efficiencies and journey time benefits or agglomeration for example, though
important developments and industry drivers, would not make the most compelling case for the wider economic benefits and rationale for the integration
of the transport systems and technology. Freight traffic would appear to be a sensible focus that draws in ports and highways with the railways and
provides an increasingly important market dynamic in the global economy in which UK plc competes.
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An Approach to Evaluate Economic Benefits Revision 6 RSSB

An economic impact assessment has been undertaken based upon secondary research looking at the
financial parameters within which R&D in the UK manufacturing sector operates

Overview

It is important to note that the commercial value of research outputs are highly uncertain, and within the field of technological innovation failure is a
fundamental aspect of the route to market in the sense of learning by trial and error and adaptation that leads to the relatively rare major technological
breakthrough. The majority of technological development is step by step and an evolutionary process, innovation includes a high rate of failure, the
ground breaking application and industry game changers do occur but are relatively infrequent, though transformative when they do happen. In this
respect, valuing largely unknown future innovation it is difficult to be specific; however we have undertaken high level economic impact analysis and
sought to identify comparative evidence to ensure the research is as robust as practicable.

Be-spoke economic impact analysis of industry R&D and government research contributions

We have undertaken an economic impact assessment, based upon secondary research looking at the financial parameters within which R&D in the UK
manufacturing sector operates. We have applied this to the proposed R&D contributions from rail and across the transport systems and integration TIC.
The economic impact modelling includes net additionality analysis to focus on the likely new jobs which will be created. An assessment of gross value
added has been undertaken and a consideration of the wider catalytic impacts that can be created with effective innovation and results which can be
‘spun-out’, for example, into new company formation within the industry or through organic growth.

The modelling exercise is high-level and has drawn upon the most robust and reliable data and reasonable assumptions available. The analysis can be
refined and improved subject to available time, resources, plans and information.

Returns to investment flowing from rail based R&D investment and innovation

In addition to more direct economic impact from the TIC, there are additional returns to investment flowing from rail based R&D investment and
innovation, specifically the ‘R&D spill-over’ benefits and company formation from spin-out activity

The wider social economic benefits, namely the social rate of returns which are constituted by the sum of private returns and the so called “R&D
spillovers”, which are the benefits deriving from R&D investment of other firms, industries or countries are important considerations within the potential
to generate tangible economic benefits. The gap between private and wider social-economic returns are also considered, in effect the market failure
which a rail TIC would address.
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An Approach to Evaluate Economic Benefits Revision 6 RSSB

Impact channels for R&D investment in technology innovation are direct jobs, indirect jobs and induced
jobs

The impact channels for R&D investment in technology innovation are:

= Direct jobs — created directly by the project’s spend on labour;

= Indirect jobs — created indirectly in the supply chain through the project’s spend on materials and supplies; and
= Induced jobs — created through the spending of incomes of direct employees of the project.

This analysis will derive the :
= Total net job creation possible;

= Gross Value Added (GVA) that can be generated by the R&D programme of the TIC. This is distinct from the wider economic benefits that may be
realised.

= Catalytic impacts include:
(1) “Spin-out” companies (creating company value and in turn, job creation and GVA)
(i1) “Spill-over’ effects (through application of R&D to different products by companies in other industries)
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Employment benefits of the TIC can be estimated by looking at R&D expenditure in manufacturing

‘Private’ versus ‘Social’ rate of return

It is important to distinguish between the private rate of return, which are the revenues that single firms, industries or countries derive from their own
investment in R&D, and social rate of returns, constituted by the sum of private returns and ‘spill-over’ effects, which are the benefits deriving from
R&D investment of other firms, industries or countries.

Private benefits - new product with market potential , increased turnover and profit.

Social benefits - positive ‘externalities’ to ‘UK plc’ including the positioning of UK industry, influence on locational decisions of major international
firms in the rail industry, ‘spill-over’ effects to other sectors, carbon reduction and transport benefits. In effect the market failure which is being
addressed by government backed R&D funds which catalyse industry investment.

The decision by companies to invest in R&D activities is based only on the private rate of return and does not capture the wider social returns that may
be generated. Accordingly, there is a potential for underinvestment in R&D activities since positive externalities to society are not captured in the
decisions of private firms to invest.

Composition of R&D Investment — Evidence Base

Business, Innovation and Skills research and evidence by the UK government provides indicative data on the composition of R&D expenditure. In the
UK, similar to other leading high value manufacturing economies labour compensation accounts for the greatest proportion of R&D costs (37.0%). The
remainder of costs are accounted for by materials and supplies (26.1%), other current costs (24.8%) and capital expenditure (12.1%). The table below is
synthesised in the report ‘Business Innovation Investment in the UK’; Sandra Bulli, Science and Innovation Analysis, DIUS , March 2008.

__ __ R&D expenditure shares of total manufacturing R&D expenditure, 1997

Category Netherlands

Labour compensation 51.8%

Materials and supplies 16.9% 13.9%% 20.3%, 14.7% 26.1% 15.8%
Other current costs 23.2% 17.5% 27.3% 23.7% 24.8% 20.3%
Capital Expenditure 7.1% 6.9 9504 9.50p 12.1% 8.4%%
Total R&D cost 100.0% 100.0%0 100.0%a 100.0% 100.0%a 1010.0%a

Source: Dougherty et al. (2007)

Clearly, the composition of R&D expenditure will differ by industry and company. The figures presented above provide an industry average to inform
this analysis. Greater granularity on the focus of R&D, say real time travel apps or improvements in rolling stock, braking and track infrastructure will
furnish more precise shares of capital to operational expenditure.

Applying these figures to the estimated cost of the TIC enables estimates of employment to be derived.
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The TIC will create Gross Value Added of £62m from investment in R&D (separate to consideration of
wider economic impacts and actual impact of taking an innovation to market)

Potential Economic Benefits (of the Transport Systems and Integration TIC)

= We have undertaken quantitative research to consider the potential direct, indirect and induced economic impacts which could be generated by the
combined R&D investment across the Transport Systems and Integration TIC. This assumes a £60m research programme over 4 years, of which £20m is
from the TSB, £20m competitively won from public and private collaborative research contracts, and £20m from industry.

= In total this includes the creation of direct, indirect and induced jobs through the combined impact of industry and government investment in the
transport and systems integration TIC, the order of economic impacts (over the four year TSB funding period) that can be achieved prior to the
commercialisation and creation of spin-out companies is:

500-560 direct jobs (total over 4 years) created directly by the expenditure on labour, this includes any direct employees within the TIC as well as
innovators and developers working in and from private sector, academic and research based secondments;

250-280 indirect jobs (total over 4 years) created indirectly in the supply chain through the project’s spend on materials and supplies;

410-460 induced jobs (total over 4 years) created in the wider economy through the spending of incomes of the beneficiaries of the direct jobs
created by the R&D investment;

Total net jobs of 1,160-1,300 (total over 4 years) including a substantial proportion of high-value employment in the TIC R&D work programme;
GVA of approximately £62m from the investment in the R&D; this is separate to any material consideration of wider economic impacts and the
actual impact of taking the product or process innovation to market; and

The timescale for the impacts relate to the totality of the R&D programme over four years. This breaks down to an average total of 290-325 jobs
each year over the duration of the initial four year research programme of the TIC (the period within which TSB funding will be committed).
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Economic Benefits Statement
Drivers, data and assumptions used to inform the economic impact model are set out below

The principal data which have informed the economic impact model
includes:

Composition of R&D expenditure (37% wages, 26.1% materials,
24 .8%other current costs and 12.1% capex) based Business, Innovation
and Skills research and evidence by the UK government (from earlier
slide);

Average wages: £42,000 for direct R&D based employment;

£21,096 for non R&D based indirect and induced employment (2010
ASHE (Annual Survey of Hours and Earnings), average annual wage,
Great Britain);

Supply chain wages as a proportion of turnover: 18% (using ASHE and
Annual Business Inquiry (ABI) data);

The direct job creation is based upon applying the average expenditure
on wages in the field, drawing upon evidence published by government
(from Dougherty et al. (2007) and reported in Business Innovation
Investment in the UK; Sandra Bulli, Science and Innovation Analysis,
DIUS) indicating that 37% of expenditure in high tech business
innovation is spent on wages. The indirect jobs are calculated from the
corresponding expenditure in the supply chain on materials and other
revenue costs which equate to 50.9%, with the proportion of this
turnover spent on wages calculated to derive the indirect job creation.
The potential for induced jobs is calculated by a similar method, drawing
upon the direct wages and undertaking net additionality analysis to
identify the potential to create further local employment through the
aggregate economic activity of the employers spending patterns.

GVA (Gross Value Added) per worker: £44,184 (GVA has been
calculated by multiplying the number of direct jobs by the corresponding
average level of GVA per worker in the respective field. Research for
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government indicates that average GVA per worker in medium to high
technology manufacturing is £59,000 (Source: BIS calculations based
on ONS Annual Business Inquiry data and analysis 2007), with an
average GVA per worker of just over £44,000 based upon 2007 Annual
Business Inquiry data for full and part-time workers).

= Net additionality assumptions for employment accounting for the

effects of leakage, deadweight, displacement, and multiplier impacts
(Government has published secondary research evidence to provide
benchmarks which inform the calculation of leakage, deadweight and
displacement effects and the multiplier impacts. We have drawn upon
this evidence to shape the economic impact model and applied the
benchmarks to the analysis of direct, indirect and induced jobs.)

= The following slide sets out the financial parameters for the industry

and government collaborative R&D.

Financial Parameters of the Transport Systems and Integration TIC

R&D Exp. £
Industry 30,000,000
TIC 30,000,000
Total TIC Exp 60,000,000
Wages 37% 22,200,000
Materials / suppliers 26.10% 15,660,000
Other current costs 24.80% 14,880,000
Cap ex 12.10% 7,260,000
Toal 100% 60,000,000
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Catalytic impacts through spin-out companies include above average growth and low failure rates, low job
displacement effects, and fostering of regional competitiveness

Many companies decide to divest certain activities into corporate spin-outs, leading to the formation of new (or refocused) industrial enterprises. It is
recognised that not all innovations will result in spin outs as some may be sold by an established organisation. However spin-outs have been used as the
basis of analysis of innovations as they provide a cleaner reference point, and their business viability is not significantly influenced by a larger, more
established parent organisation.

Although current information on this process is still partial, the evidence available suggests that this process is important in the generation of new firms and
jobs in the EU, in turn enhancing the long term competitive position of the European economy. Thus, corporate spin-out activity generates important effects
not only for the companies involved, but also for competitiveness and employment generation of the economy at regional, national and European level.
(Source: EC, 1999)

There are a number of positive characteristics of spin-outs from an economic perspective:

= Above average growth and low failure rates, producing positive direct employment creation effects;

= Low job displacement effects;

= After the spin-out process, spin-outs concentrate more on local and regional supplier and customer relations thus fostering regional competitiveness; and
= Important role in new market creation.

Set out below are examples of firms that have spun out of R&D activity of other larger firms and could provide an approach to harness the impact of
effective collaborative research and routes to market and commercialisation:

= SMA Railway Technology:
Company origin: Spin-out from SMA Technologie AG in 2008
Product: Railway Technology, innovative auxiliary power supply for rolling stock
http://www.sma-railway.com/en.html
Employees: 270
Turnover: €41 million (building from an existing customer base)
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= Perceptive Engineering Ltd:
- Company origin: Spin-out from Manchester University in 2003

- Product: Software that regulates industrial processes and detects faults as soon as they happen. They are currently working for multinationals such as
Pfizer, Abbott Laboratories and United Utilities.

- http://www.perceptiveapc.com/
- Revenue (2009): £785,000
- Export Revenue (2009): £610,000
- Employees (2009): 14
- Cost of Employees (2009): £45k
= Ceres Power Ltd:
- Company origin: Spin-out from Imperial College in 2001
- Product: Metal-supported solid oxide fuel cell that operates at an intermediate temperature.
- http://www.cerespower.com/
- Revenue (2010): £1,358,000
- Export Revenue (2010): £90,000
- Employees (2010): 99
- Average Cost of Employees (2010): £58,000

TSLG z ARUP


http://www.perceptiveapc.com/
http://www.perceptiveapc.com/
http://www.perceptiveapc.com/
http://www.perceptiveapc.com/
http://www.perceptiveapc.com/
http://www.perceptiveapc.com/
http://www.perceptiveapc.com/
http://www.cerespower.com/
http://www.cerespower.com/
http://www.cerespower.com/
http://www.cerespower.com/
http://www.cerespower.com/
http://www.cerespower.com/
http://www.cerespower.com/

Economic Benefits Statement Revision 6 RSSB
Catalytic impacts through ‘spill-over’ effects include knowledge spill-overs and inputs effects

‘Spill-over’ effects can occur through the application of R&D to different products by companies in other industries.

= Externalities arise in the innovation process because of the inability of firms to capture all the benefits of their invention. More specifically, patent
legislation, trade secrecy or other methods allow the firm to appropriate a sizable proportion of the benefits of inventions. Even if some form of property
rights protects inventors’ ability, however, appropriateness is, in most cases, not perfect.

= These effects can take the form of (a) knowledge spill-overs, which refer to the effect of research performed in one industry in improving technology in
a second industry; and (b) inputs effects, by which inputs purchased by one industry from another industry embody quality improvements that are not
fully appropriated by the selling industry.

= Regressing the total factor productivity of the industry on its own R&D and borrowed R&D, Terleckyj (1980) reported a 45% rate of return for
borrowed R&D and about 28% for own R&D in the manufacturing sector. Other studies confirmed similar patterns, i.e. the rate of return on borrowed
R&D was about twice that of own R&D. This is an important factor that makes the case for collaborative R&D across an integrated TIC.
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Wider economic benefits of the TIC can be considered in terms of those that can be attributed to the
Transport User, the Transport Provider, the Transport Supplier, and the TIC itself

Rail projects and enhancements typically offer significant public benefits. Examples include DfT’s proposals for HS2, which the Department’s analysis for
the recently-closed consultation indicates would generate £2.6 of economic benefits for every £1 invested. Likewise, Crossrail’s July 2011 business case
update estimates that it will generate up to £4 of economic benefits for every £1 invested.

Economic benefits that result from the TIC can be considered in terms of those that result from the ‘Supply Side’ (i.e. benefits from TIC itself and from the
innovations that come out of the TIC), and from the ‘Demand Side’ (i.e. benefits to transport providers using innovations from the TIC, and from transport
customers using services of transport providers). The determinants that influence each of the benefits are set out in the diagram below.

Demand Side Benefits Determinants

/ Market size (costs of transport users)

& Time savings
\ Value created from time savings

Transport User Transport User Service
Value Add Experience and Other
Benefits

Increased Productivity to
Users of Transportation

- Market size (costs of transport providers)
Revenue from New Ways of W Efficiency Improvements to P

Serving Transport Transport Providers & Cost reduction opportunities
Customers (from Network Rail to TOCs)

Transport Provider
Value Add \
Utilisation improvement opportunities

Supply Side Benefits

/ Market size (demand by transport suppliers for specific innovations)
Total Domestic Sales and .
& Market penetration

Transport Supplier / '
P PP Exports of Innovations -
Competition

Innovation Value Add

/ Research opportunities

TIC Value Add Gross Value Add of TIC & Interested partners

e Available funding
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There is potentially significant market demand for high value innovations created by the TIC

Market demand for innovations can be considered from the perspectives of both value add created to the transport customer and the transport provider.

= The value of innovations to transport customers have been assessed through reports such as the Eddington Transport Study of 2006 and the recent UK
Government High Speed Rail consultation document. These reports highlighted that 95% of companies agreed that the UK’s road and rail network is
important to their business and its productivity. A 5 per cent reduction in travel time for all business travel on the roads could generate around £2.5
billion of cost savings, highlighting an opportunity for rail to absorb the transport needs of businesses and support an overall reduction in travel time.

= The value of innovations to transport providers are also significant as the industry is currently looking at means of realising the cost savings
highlighted by the McNulty Value for Money review. The value of innovation can be used as a proxy for the potential value of the transport supply
market that the innovation can create in the UK. Using potential energy cost savings as an illustration, if transport providers are able to realise a 20%
reduction in rail energy costs, the value of the innovation to them is potentially £0.4b (the net present value of the annual prize / increase in margin). As
can be seen in the table below, the potential value of innovations generating 20% reduction in energy costs, 20% reduction in delays and 20% increase in
capacity that realises an annual prize of £800m, can be worth up to £3.4 billion (assuming each prize is mutually exclusive). These numbers are designed
to give an idea of the scale of the opportunity. If the TIC can realise a proportion of this, it will bring the railway industry closer to achieving cost
savings outlined in the recent McNulty review.

Theme Innovation Annual Prize Value Assumptions

Energy 20% reduction in £100m £0.4 bn = TSAG (2010) highlighted energy bill of over £500m pa

Strategy and rail energy costs = Energy costs maintain stable

Management = Value calculated by discounting the annual prize by an assumed 15% cost of capital of

industry, over an assumed 10 year life of innovation.

System 20% reduction in £120m £0.6 bn = TSAG (2010) highlighted delays cost of £600m pa (using delay minutes compensation

Optimisation delays by payments as a proxy)

and Operation improving = Value calculated by discounting the annual prize by an assumed 15% cost of capital of
reliability industry, over an assumed 10 year life of innovation.

System 20% capacity £580m £2.4 bn = Assume that a 20% capacity increase will result in 5% increase in revenues of UK

Optimisation increase transport providers. As an example, TSAG (2010) states that £200m a year can be realised

and Operation for an additional traffic management layer within ERTMS to optimise capacity

= Value calculated by discounting the annual prize by an assumed 15% cost of capital of
industry, over an assumed 10 year life of innovation.

TOTAL £800m £3.4bn
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A delivery vehicle such as a TIC can create value both through the employment it creates (direct, indirect
and induced) and also ‘spin-out’ companies exploiting the innovations

From the supply side, economic benefit can be considered in terms of the sales and exports that result from specific innovations, and the GVA and jobs
created by the TIC.

The potential value-add of specific innovations themselves has been calculated below.

= A study commissioned by the Gatsby Charitable Foundation and completed by the St John’s Innovation Centre and SQW in 2005 (Minshall and
Wickstead, 2005) of 10 leading research universities in the UK identified that they spun out 3 companies each a year, with success rates of 90%.
Excluding Higher Education Funding Council for England (HEFCE) core research funding, the 10 universities received a total of £897 million from
research councils, industry and charities. This equates to a cost of £30 million per spin-out and provides a benchmark figure for evaluating value for
money, recognising the unique characteristics of the leading academic research base in the UK. It is recognised that beyond the leading edge innovative
institutions that, by and large, universities have traditionally found it difficult to commercialise research, and the TIC should aim to achieve more cost
effective commercialisation of spin-outs and reduce the £30 million per spin-out cost base, by devising approaches that mean it will only support
projects with a good chance of success. We have therefore developed three scenarios that represent the volume of innovations (for £60 million research
funding over 4 years):
- Low Volume: 0.5 successful spin-out a year (resulting from 5 research projects a year at £3m average funding per project).
- Base Volume: 2 successful spin-outs a year (resulting from 5 research projects a year at £3m average funding per project).
- High Volume: 3 successful spin-outs a year (resulting from 5 research projects a year at £3m average funding per project).

= We have assumed (based on typical European programmes) that average research programmes lasts 1% years, and on average if the innovation is taken
to market, it takes another 1% years before the first sale is made. As such, the three scenarios reflect a range of time periods before revenue is generated:
- Low Volume: 4 years total from commencement of research to revenue generation.
- Base Volume: 3 years total from commencement of research to revenue generation.
- High Volume: 2 years total from commencement of research to revenue generation.

= A report by BIS (2010), highlighted that the annual growth rates of high growth SMEs range from 40% to 50% for firms established for 6-10 years). As
such, the three scenarios will consider compound annual growth rates over 10 years of:
- Low Volume: 30% Compound Annual Growth Rate (CAGR).
- Base Volume: 40% CAGR.
- High Volume: 50% CAGR.

= Finally, for all scenarios, we have assumed the spin-out in its first year of sales will generate an initial turnover of £200,000 (this figure is difficult to
generalise as it is demand driven, however as an example, Ceres Power Ltd in its first two years of sales generated £100-200k), and exports of 16% (BIS
(2010) highlighted that 16.2% of sales for machinery and equipment was achieved through exports).
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Wider Economic Benefits Revision 6 RSSB

= The table below sets out six scenarios considering spin-out volume and the number of outstanding innovations out of the total number of spin-outs. The
direct value from these innovations have been discounted to present day value at a discount rate of 5%, with GVA and net annual jobs taken at year 10
of each spin-out under the assumption that that at that point in time, the business reaches Business As Usual (BAU) state and revenue plateaus.

= The TIC may generate some outstanding innovations that when spun-out, do not follow the trajectory of average SMEs. This may be a result of a
number of factors (the innovation may be a first-of-its-class innovation that results in significant global demand; the innovation may not be sold through
a spin-out company, but through an existing supplier with an established customer base, resulting in much faster growth).

= We have assumed that these innovation begin their life half way through the four year funding period, have an initial turnover of £500,000 (Arup
assumption), a CAGR of 85% (BERR (2008) highlighted that of the top 200 ‘Fast Track’ and ‘Fast Track Tech’ firms in the UK, half of them have
growth rates of greater than 85% over a 2 year period — with the highest growth firm having a growth rate of 514%), and exports that are 80% of total
sales (as the case for Knorr Bremse’s EP2002 product).

Spin-out Volume No ‘outstanding’ innovations 1 ‘outstanding’ innovation 2 ‘outstanding’ innovations

Low Volume Successful spin-outs per year: 0.5 NPV Sales (to Yr 10): £9m NPV Sales (to Yr 10): £140m NPV Sales (to Yr 10): £270m
Years to revenue generation: 4 NPV Exports (to Yr 10): £1.5m NPV Exports (to Yr 10): £110m NPV Exports (to Yr 10): £220m
CAGR: 30% (for 10 years) GVA (BAU): £4m GVA (BAU): £122m Net annual GVA (BAU): £239m
Initial turnover: £200,000 Net annual jobs (BAU): 78 Net annual jobs (BAU): 2,372 Net annual jobs (BAU): 4,667
Exports: 16%

Base Volume Successful spin-outs per year: 2 NPV Sales (to Yr 10): £60m NPV Sales (to Yr 10): £190m NPV Sales (to Yr 10): £320m
Years to revenue generation: 3 NPV Exports (to Yr 10): £10m NPV Exports (to Yr 10): £120m NPV Exports (to Yr 10): £230m
CAGR: 40% (for 10 years) GVA (BAU): £31m GVA (BAU): £147m GVA (BAU): £ 263m
Initial turnover: £200,000 Net annual jobs (BAU): 608 Net annual jobs (BAU): 2,685 Net annual jobs (BAU): 5,123
Exports: 16%

High Volume Successful spin-outs per year: 3 NPV Sales (to Yr 10): £155m NPV Sales (to Yr 10): £290m NPV Sales (to Yr 10): £425m
Years to revenue generation: 2 NPV Exports (to Yr 10): £25m NPV Exports (to Yr 10): £140m NPV Exports (to Yr 10): £260 m
CAGR: 50% (for 10 years) GVA (BAU): £87m GVA (BAU): £199m GVA (BAU): £312m
Initial turnover: £200,000 Net annual jobs (BAU): 1,696 Net annual jobs (BAU): 3,888 Net annual jobs (BAU): 6,080

Exports: 16%

Based on these calculations, the potential value add from successful spin-out companies comprises of the following components:

= The potential value-add of specific innovations in the most optimistic high value scenario where two outstanding innovations are generated is £425m of
sales (after year 10 of each innovations, under the assumption that revenue for each spin-out plateaus at year 10) which could generate GVA of £312m
and up to 6,000 jobs.
The value add of the TIC, with £60m of public and private funding over four years, can generate additional GVA of £62m and create up t01,300 jobs.
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Wider Economic Benefits Revision 6 RSSB

Economic benefits are substantial: TIC innovations can tap into a global market in excess of £100 billion

The diagram below illustrates the scale of benefits the TIC can contribute to and highlights the significant additional benefit it will realise for the UK
economy by addressing market failures. The key economic benefit will be in helping UK transport suppliers tap into a global market worth in excess of
£100 billion for rail alone.

By definition the innovations in question have not occurred; hence the benefits that the TIC will realise through innovations are purely high level
estimations. The value of the Transport Systems and Integration TIC when compared to other TICs should not be judged purely based on these numbers. It
is the overall value proposition offered by the Transport Systems and Integration TIC, its role in creating new methods of innovating that should create

significant additional value to the UK.

L Transport User ] @Benefits to users of transport are substantial. For example, there is an
opportunity for UK rail to meet the transport needs of businesses and
support an overall reduction in travel time. A 5% reduction for all business
travel on the roads could generate £2.5 billion of cost savings. Benefits
such as this and those more region specific may be realised globally.

Transport User Service
Experience and Other
Benefits

Increased Productivity to

Users of Transportation

2. Transport Provider 8 . . .
P Benefits to transport providers can be in the form of revenue or cost

Efficiency Improvements to savings. For example, the UK can realise a prize of £800m pa if there is a
Transport Providers 20% reduction in rail energy costs, 20% reduction in delays, and 20%
(from Network Rail to TOCs and ROSCOs) increase in capacity. There is the potential for these types of savings to be

realised around the world.

Revenue from New Ways of
Serving Transport Customers
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3. Transport Supplier ﬁ‘

Total Domestic Sales and
Exports of Innovations

4. TIC ﬁ

Gross Value Add of TIC
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Vision and Mission Revision 6 RSSB

The mission of the TIC is to accelerate the design, development, demonstration and deployment of truly
integrated innovations

Good transport systems are an essential enabler of a nation’s economic prosperity, and conversely congestion is known to cost a developed economy such
as the UK hundreds of millions of pounds a year. This is true in countries around the world, not just the UK, and the global market for systems and services
to enable efficient transport can be measured in many billions of pounds per annum.

With continuing population growth and utilisation, the need for solutions to congestion and to move ever greater volumes of freight grows more pressing
every year. This highlights the need for innovation to overcome these challenges. The UK research base for transport in universities and other
establishments is strong, however the UK arguably fails to fully capitalise on this knowledge and turn it into commercial gain.

This is particularly true of cross-modal innovations, where no single organisation has a mandate to bring together organisations of different sectors to
identify integrated opportunities. This could be the role of the Transport Systems and Integration TIC, dedicated to enabling innovations that will overcome
the challenges faced by the transport industry. The TIC will firstly address UK needs, using the UK as a test bed to prove innovations, and as a result
creating interest from international markets.

The vision of the Transport Systems and Integration TIC is to be recognised
as a global centre of excellence, establishing the UK as a hub of transport
Innovation, and generating significant income and employment for the UK.

Its mission is to accelerate the design, development, demonstration and
deployment of truly integrated innovations, formed through the collaboration
of suppliers, industrial customers, industry bodies and policy makers.
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Activities of the Transport Systems and Integration TIC Revision 6 RSSB

Activities of the Transport Systems and Integration TIC can be divided into Strategic Activities, Core
Activities and Secondary Services

The business model of the TIC represented by the activities in the diagram below consists of Strategic Activities, Core Activities and Secondary Services
(this is a development of the ‘potential activities’ previously mentioned). The strategic activity, ‘Transport Systems Facilitation’ is an adaptation of the
‘Facilitation of Collaborations’ activity previously described, and relates to the role of the TIC in bringing together relevant collaborators and partners for
the innovation. Partners will change over the lifecycle of the innovation, as the innovation progresses from an idea through to commercialisation. The key
difference between the TIC and other similarly focused organisations is that the TIC plays a key role in facilitating the innovation development process,
whilst other organisations have a focus in one or two specific stages of the process (e.g. Fraunhofer does not take research beyond TRL 6 into operational
testing and integration, whilst TTCI has a strong focus in TRL 7-8). The TIC will also feedback learning to shape the research agenda.

The core activities begin with Opportunity Screening can either lead straight into Core Research (only in respect of whole transport system research which
doesn’t currently occur) or into Research, Development and Demonstration. These activities form the core service offering of the TIC, however in the
medium to long term, additional ‘secondary’ services can be offered by the TIC to improve utilisation of its staff and assets and generate additional sources
of revenue. Further details and implications of this business model are further described in the following tables.

Strategic Activities

Transport Systems Facilitation

Core Activities (Value Chain) of TIC

Whole System R&D / Prototyping / Ops Testing /
Core Research Demonstration Sand-pitting Integration
(TRL 1-3) (TRL 4-6) (TRL 6) (TRL 7-8)

Opportunity Commercialisation

Screening / Launch

Secondary Services

IP Management /
Licensing

TSLG e ARUP
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Revision 6 RSSB

Activities of the Transport Systems and Integration TIC

The role of the TIC in Transport Systems Facilitation, spans across its Core Activities and will bring
together organisations including industry bodies, regulators, rail customers, rail suppliers and academia

The TIC’s role in facilitation is about creating conversations between different transport modes and between organisations within a mode, identifying
innovations that would not normally happen, and bring together relevant collaborators over the lifecycle of the innovation. As part of this, the TIC needs to
be aware of current research in universities and industry and be able to evaluate the potential of these under a non-disclosure agreement. The TIC also has a

role in feeding back to universities regarding their research agenda.

Opportunity Whole System R&D / Prototyping / Ops Testing / Commercialisation /
Screening Core Research Demonstration Sandpitting Integration Launch

Public / Private
Industry Bodies

Regulators and
Policy Makers

Industry
Customers

Industry
Suppliers

Academia

TSLG

Bring together the
organisations
below to create
collaborations.
Potentially have a
higher success
rate in securing
project funding.
Feedback into
research agenda
of universities.

Upfront support /
input into
innovations to
ensure there is
downstream
demand.

Bring forward
innovation ideas.

Bring forward
innovation ideas.

Bring forward
innovation ideas.

Core research
carried out by the
TIC will be whole
systems
innovations.
Promote strong
collaborations
between partners.

Made aware of
progress of
innovations.
Input as required.

Research partner.

Research partner.

Research partner.

R&D and
demonstration
projects must be
intermodal,
common or
systems
innovations.
Promote strong
collaborations

between partners.

Made aware of
progress of
innovations.

Input as required.

Research partner.

Research partner.

Research partner.

84

Provide /
coordinate access
to test facilities
(either owned by
the TIC or other
partners).
Promote strong
collaborations
between partners.

Made aware of
progress of
innovations.
Input as required.

Support testing
needs.

Research partner.

Research partner.

Provide /
coordinate access
to test facilities
(either owned by
the TIC or other
partners)
Promote strong
collaborations
between partners.

Made aware of
progress of
innovations.
Input as required.

Support testing
needs.

Research partner.

Further input as
required.

Support launch of
innovations
Provide
organisations (in
particular SMES)
with access to
entrepreneurship
skills, IP
management and
licensing

Champion
inclusion in
future rounds of
standards and
requirements.

Purchase
innovations.

Supply to
customers.
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Activities of the Transport Systems and Integration TIC
There are benefits and risks of each of these activities that need to be managed by the TIC

Activities will be implemented by the TIC through the means described in the table below. The key positive and negative implications of each of these
activities on the wider business model of the TIC are also described. These include:

= Implications on income and costs;

= Potential funding options;

= Levels of partner support (and type of support);
= Contribution to economic benefits;

= CapEx requirements for facility or fixed asset requirements; and

= Locations for facility or facilities.

Implementation of Activities Positive Implications of Activities on TIC Negative Implications of Activities on TIC

Strategic Activities

Transport Systems Facilitation

= The TIC’s role in facilitation begins right up front prior
to research, and continues through to commercialisation
and launch of an innovation.

Core Activities

Opportunity Screening

= Opportunity screening involves identifying the research
will help the TIC achieve both TSB and TSLG success
criteria. The TIC will have a strategic research agenda
that sets out priorities and technological areas of focus.

= During this process, funding and partners will be
identified, to form research collaborations.

TSLG

Most effective means for the TIC to
directly create new technologies, systems
and processes that are exportable.

Ensure that the TIC is strategically focused
on real opportunities that will achieve both
TSB and TSLG success criteria.

With a focused strategy, partners will be
more willing to support the TIC.

85

No direct income stream for this value
proposition, hence this will need to be
funded by a portion of the TSB core
funding.

Potential conflict of interest where the TIC
acts as an independent marriage broker but
are also looking for funding for their own
projects.

No direct income stream for this value
proposition, hence this will need to be
funded by a portion of the TSB core
funding.
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Activities of the Transport Systems and Integration TIC

Implementation of Activities Positive Implications of Activities on TIC Negative Implications of Activities on TIC

Whole System Core Research
= Core research will be carried out by the TIC but only in

respect of whole transport system research which doesn’t

currently occur.

Research, Development and Demonstration

= The TIC will take technologies, systems and processes
from TRL 4 to 6. The key focus of the TIC will be on
ensuring an integrative approach to research,
development and demonstration.

Prototyping and Sandpitting

= The TIC will take technologies, systems and processes
through a stage of ‘play’, where prototypes and
demonstrators are built and tested in a virtual or quasi-
operational environment.

TSLG

There may be untapped opportunities for
the TIC to capitalise upon that are currently
being missed out by organisations who as
described previously, typically work in
silos.

Most effective means of directly creating
new technologies, systems and processes
that are exportable.

With the focus on integrative innovations,
the TIC’s activities will result innovations
that would have otherwise not occurred in
the industry.

Prototyping and sandpitting activities will
result in an innovation ‘milestone’ where
there is a step change in terms of the risks
inherent in innovations, as concepts are

proven in a non operational environment.

86

Core research is much further away from
market and is more likely to require grant
funding than research closer to market.
Resource needs (staff and facility) needs
may be quite different to that of research
closer to market, creating additional costs
for the organisation.

Depending on specific areas of research,
investment required for new collaborative
research facilities.

Potential difficulty in attracting partners
located in different parts of the UK
together to work on research.

If the TIC is located in an area close to a
majority of research partners or the supply
base, the likelihood of collaboration will
increase, and there is the potential of the
TIC sharing resources (staff and facilities)
with partners.

Significant upfront investment required for
new collaborative research facilities and /
or synthetic environments for prototyping
and sand-pitting.

However to reduce this risk, universities
and other researchers could be asked to
move some of their research to the TIC in
its initial years of operation to maximise
utilisation of the space.
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Activities of the Transport Systems and Integration TIC

Implementation of Activities Positive Implications of Activities on TIC Negative Implications of Activities on TIC

Operational Testing and Integration (no Test Track "
Ownership)
= The TIC will provide organisations with test facilities, =
from collaborative research environments, and
synthetic environments, but not a full scale test track.

Operational Testing and Integration (with Test Track "
Ownership a key part of business model)
= During this stage, the TIC will test innovations in an
operational environment and putting a case forward
for wider deployment. "
= The TIC will provide organisations with a full range
of test facilities, from collaborative research
environments, synthetic environments, through to a
test track.
Note that although a number of candidate road test tracks
already exist in the UK, it is not envisaged that a rail
test track would be constructed in the foreseeable
future, but one may be justifiable in a longer
timeframe.

Commercialisation and Launch "
= The TIC will have entrepreneurship skills, and be able

to help organisations commercialise research, in

particular helping SMEs link into organisations such

as UKTI to take innovations into global markets.

TSLG

The TIC can act as an as aggregator of
demand, facilitating access to other tracks.

In the short term, this reduces business risks
associated with owning a test track, however
the option remains open in the future for the
TIC (once established as a viable business) to
own or be anchor tenants to a larger more
comprehensive test track.

If the UK owns a more comprehensive test
track through the TIC, there will be no access
limitations or restrictions that might occur if
test facilities of other countries were used.
The TIC does not necessarily need to finance
the test facility completely itself. If there is
sufficient demand (from the TIC itself or
from other organisations), it can act as an
anchor tenant and pay a lease to an investor-
owner. However as a new organisation, it will
need a more established organisation as
guarantor to attract investors.

The key TSB outcomes are realised when
innovations created within the TIC are
commercialised and taken to international
markets. For larger organisations, this should
not be a problem, but where required, the TIC
will help SMEs take products to market.
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Potential access limitations or restrictions
might occur if test facilities of other
countries were used.

Short term industry demand for specific
test requirements remains unmet, however
the TIC may be able to facilitate increased
access to existing facilities in the UK and
internationally.

Test track ownership can cost from £100m
to £200m to build and will be only relevant
to rail and not the other transport modes.
To ensure sufficient utilisation, the TIC
will operate as a service company and
manage external demand for the test
facilities.

The TIC will compete against other test
tracks in the UK and Europe.

The TIC will need to manage this
significant business risk that is not typical
for a research organisation.

As this is not a core activity of the TIC, it
may be costly to have specific
entrepreneurship skills providers in house.
This service can initially be provided using
external consultants.
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Activities of the Transport Systems and Integration TIC

Implementation of Activities

Secondary Services

Testing Services

= Once the TIC has been established, the TIC can use its
internal resources (staff expertise or facilities) to provide
test services.

Training Provision

= Once the TIC has been established, the TIC can use its
internal resources (staff expertise or facilities) to provide
either academic or vocational training.

IP Management / Licensing

= Through the facilitation of collaborations, the TIC will
also help organisations manage the IP that comes out of
collaborations, and the protection of existing IP as
organisations go into collaborations.

= During later years of operations when innovations are
ready for launch, the TIC can generate additional income
from licensing the use of its IP.

TSLG

Additional revenue streams can be
generated through testing consultancy
services or the use of test facilities by
outside companies.

Additional revenue streams can be
generated from providing training to
external organisations or individuals.

To offer the ‘complete’ facilitation package
where the TIC breaks down silos, IP is an
important issue that needs to be managed.
Standard collaboration agreements (such as
the Lambert Toolkit) can be used.
Additional revenue streams can be
generated from licensing IP generated
within the TIC.

88

Positive Implications of Activities on TIC Negative Implications of Activities on TIC

These are secondary services and must not
be a higher priority than activities that form
the core business of the TIC.

These are secondary services and must not
be a higher priority than activities that form
the core business of the TIC.

As a central organisation that facilitates
collaborations and plays a role in
supporting IP management, the TIC must
be considered a trusted and independent
body.

If the TIC is to own research and license
out its own IP, there is a potential tension
between the TIC as an independent
facilitator and one that has its own agenda
of generating income.
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Activities of the Transport Systems and Integration TIC Revision 6 RSSB

Some activities carried out by the TIC (facilitation, opportunity screening and core research) will not
generate any direct income and as such, TSB core funding will be used to cover these costs

TIC Costs covered CapEx Needs
through P Core activities are highlighted with (X) and secondary

activities (x)

S Transport Systems Facilitation X = TSB funding
= Transport systems facilitation will generate no
= Research Management revenue, hence costs of facilitation will be covered by
LL Dissemination
] ] _ Whole system core research activities will be

€ Opportunity Screening X =TSBfunding minimal and only in respect of whole transport system
£ research which doesn’t currently occur. It is likely to

Whole System Core Research . i . .
B X USRI generate no income at TRL 1-3, hence costs will be
S - covered by a portion of TSB funding
3 R&D / Demonstration X = Research contracts = TSB funding '
= ! " . R&D / demonstration, Prototyping and sandpitting
= Prototyping and Sandpittin " . . g : '
f_E A Sl X Research contracts TSB funding and Operational Testing / integration costs can be
% Operational Testing / Integration X =Researchcontracts = TSB funding covered by contract research funding. Any |n|t.|al set-
D up costs for equipment, IT and a synthetic environment
X Commercialisation / Launch X = Investor partner can be covered using a portion of TSB core funding.

Engineering / Design Services Commercialisation / Igunch costs can be provideq by
= an investor partner. This partner can be a rail supplier,
‘D Testing Services X = Testing income venture capital or lenders (depending on risk).
>
a Training Provision X = Training income By providing Testing Se.rV|ce§, Trallnllng_Prowsmn,
o and IP Management / Licensing, utilisation of staff
b= IP Management / Licensing X = License income and assets will increase, and generate additional
& income. Licensing of IP will potentially occur in later

Certification Services years of operation.
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Funding for the TIC Revision 6 RSSB

Funding for the TIC will come from TSB core funding, business funded R&D contracts, and competitively
won collaborative R&D projects jointly funded by public and private sectors

Initial funding for the TIC will come from three key sources:
= TSB core funding (for long-term investment in infrastructure, expertise and skills development);

= Business funded R&D contracts; and

= Collaborative R&D projects (funded jointly by public and private sectors, and won competitively).

The table below sets out the potential funding available for rail research. This list does not represent all funding that will go into the TIC.

In the longer term, this may include fees for provision of testing services and training, and income from sales of licenses to innovations.

Framework Programme 7

Department for Transport

TSB/RSSB Innovation Fund

TSLG

€4.16b for transport (all modes) for the whole of FP7 period from 2006-2013 (currently 366 projects identified;
assume €1.4b funding remains to be allocated)

From 2007 to 2011, €20m of grants were won by the UK for rail specific topics. This compares to €25m for
Germany, €15m for France and €14m for Italy (McKenzie, 2011)

The Advisory Group for Rail Research and Innovation (AGRRI) reported that the European Commission’s funding
for rail research is approximately €23 to €26m per year. 40% of railway project proposals submitted under the
Transport call are successful in receiving funding, and in 2010, the UK was the largest beneficiary.

UK is very successful at winning FP7 funding as it is a good partner, participation is driven by the right reasons,
uses a strategic approach developed by stakeholders, and there is active engagement in setting research priorities and
evaluating impacts (McKenzie, 2011)

Source: http://cordis.europa.eu/fp7/projects_en.html

Total Grants funded in 2010: 552 of value £284,610,294 (average value £515,000 per project)

Active Grants under Transport Systems and Vehicles Category: 274 of value £278,416,319 (average value £1m per
project)

Source: http://gow.epsrc.ac.uk/NGBOChooseTTS.aspx?Mode=SECTOR&Itemld=CSEPO00SE01017

£9m annual funding from DfT to RSSB (of which a portion may be used for TIC research)
£7m funding committed for a TIC

An innovation fund of £8m pa is proposed, which can potentially be used to fund activities within the TIC.
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Funding for the TIC Revision 6 RSSB

= A large proportion of funding will come from industry if a strong case is put forward. Companies typically spend 3-
5% of overall revenues on research and development.

= There are significant prizes to be won for improving efficiency of transport provision (whether it is reducing energy
costs or rail delays), and hence attracting investment into innovations. Taking one of these prizes for illustrative
purposes, if we take the opportunities associated with reducing energy costs of UK rail (prize of £100m per annum
as identified by TSLG), assume no increase in energy prices, and that innovations having an average life of 10 years,
transport providers could be willing to invest up to £400 million on innovations to realise the £100 million per
annum prize.
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Indicative Governance Structure Revision 6 RSSB

The Transport Systems and Integration TIC can be set up as a Company Limited by Guarantee, governed
by a Board of Trustees that report into the TIC’s Members and the TSB

An indicative governance structure has been
developed that assumes that the TIC is set up as
a Company Limited by Guarantee.

In this structure, the company is controlled
by Members (who act in lieu of
shareholders), and who elect the Board of
Trustees.

Members cannot benefit from any profits
made by the organisation.

Trustees’ liabilities are limited to a nominal
sum which they guarantee to pay if the
company has debts on winding up.

An independent strategic board will provide
guidance to the TIC and can be made up of
Members of the TIC.

Underneath the Board of Trustees is a an
executive team responsible for operating the
TIC, and reporting back to Members and the
TSB.

The TIC will liaise with both the TSB’s TIC
Oversight Committee (which will oversee
the national network of Technology and
Innovation Centres and report to TSB’s own
governing board), and the TSB’s TIC
Programme Teams (who will support the
Oversight Committee and provide day to
day delivery of the core funding
programme).

TSLG

TSB TIC Governance

Operational

Governance

TIC Corporate Governance

Integration TIC Members | -

Transport Systems and

Independent
. Strategic Board

———————

Transport Systems and

)

Contractual Integration TIC Board of -—=—==--~ a
relationship to be
determined Trustees
Executive Team J
[ Facilitation J [ Test Coordination
[ Research J [ Commercialisation Support J
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Indicative Financial Plan Revision 6 RSSB

As an organisation with equivalent income of ~£20m per year, the TIC is likely to require around a mix of
core staff, secondees and staff of through external partners

An indicative estimation of spend of TSB funding is highlighted in the tables below, showing implications of equivalent revenue and employees for one
scenario where £7.26m of TSB funding is dedicated to capital items (This aligns with DIUS research that highlights 12% of revenue of high value
manufacturing goes into capital expenditure).

= Assumptions made include:
- Income is equal to expenditure, and there is no additional income from secondary services in the first four years of operation;
- Average cost per employee is £42k and does not change (it is however likely to be greater in initial years);
- Staff cost / staff revenue is 52% (average of Fraunhofer, TNO, and MIRA) and doesn’t change (although it is likely to be greater initially); and
- Assumption that CapEXx requirements for specific research contracts covered by the research income.
= This scenario requires an aggressive growth rate, hence it is likely that growth will not be organic and research collaborators will play an important role
in providing seconded employees or undertaking research on behalf of the TIC. Costs for such staff will likely be greater than the average of £42k

assumed. To verify these numbers, TSB’s expectations on the mix of internal vs external staff will need to be tested, in conjunction with their phasing of
core funding cash flows, and their allowable funding for capital expenditure.

Income

Research Collaboration Income 20,000 2,000 4,000 5,800 8,200
Business Research Income 20,000 2,000 4,000 5,800 8,200
TSB Funding — Research 4,740 1,370 1,370 1,000 1,000
TSB Funding — Operations 7,000 1,000 1,000 2,500 2,500
TSB Funding — Establishment (one off) 1,000 1,000

TSB Funding — Large CapEx ltems 7,260 5,000 2,260

Equivalent Income (excl TSB CapEx) 52,740 7,370 10,370 15,100 19,900
Annual Growth Rate 41% 46% 32%
Expenditure

Employment cost / staff revenue 42% 42% 42% 42%
Employment cost (per FTE) 42 42 42 42
Revenue per employee 100 100 100 100
Employee number (FTE) 74 104 151 199
Employee costs 3,095 4,355 6,342 8,358
Other operating expenses 4,275 6,015 8,758 11,542
Total operating expenses 7,370 10,370 15,100 19,900
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Stakeholder Categories and Benefits Revision 6 RSSB

As an organisation with ‘integration’ within its mandate, stakeholders are critical to the TIC’s success,
with the key stakeholders identified in the table below

Stakeholders Description of Stakeholder Potential Role Benefits for Stakeholder

TSLG TSLG, facilitated by RSSB, is a = Assigning grant funding to the TIC = Joining up across transport sectors
senior cross-industry group = Supply the demand for whole system, = Technology innovation/integration
remitted to develop and maintain integrated solutions. within rail system
a whole system, 30 year, = Learning from other transport sectors
technology vision.

Government DfT have indicated that they = Provide funding into the TIC for specific = Additional funds unlocked for

Bodies (Rail) would support the TIC with an research projects. research in the railways industry.
initial £7m funded through a = Close collaboration to align research = TIC will help reduce barriers to
grant to RSSB. priorities and reduce duplication. innovation in the industry.

Technology Role is to accelerate economic » Funding support. = Increased exports from UK.

Strategy Board growth through stimulation of = Communicating other TSB initiatives to = Commercialising UK’s research.
business led innovation. ensure alignment.

RSSB* Rail industry owned body = Partner, funder = Extends existing research activity
focussing on standards, research, = Potential role in delivery of TIC for rail = Provides value added for rail sector
safety and other system issues for industry (its members)
its members. » Rail industry facilitator = Commercialising existing research

products

Rail Industry Represents rail industry = Provide a voice from the TIC to railway = Benefits accrue to its supplier

Association suppliers. industry suppliers. members.

=  Communicate needs of suppliers to the TIC.

* The rail industry is considering the creation of a Rail Systems Agency (RSA), and if this is created, it is likely to encompass the functions 0 RSSB as
described above. In this eventuality, all of the activities ascribed to RSSB for the TIC would be assumed by RSA.
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Stakeholder Categories and Benefits

Stakeholders Description of Stakeholder Potential Role Benefits for Stakeholder

Rail Industry
Suppliers

Network Rail

Universities

TSLG

Suppliers to the railway industry.

Organisation responsible for the
UK’s rail network.

Higher education institutions
focusing on rail related research.

A key partner in research projects and
collaborations of the TIC.

Provide funding into the TIC for specific
research projects.

DfT (2007) estimated that rail industry
suppliers engage in research of value 1%-5%
of their turnover (amounts to £30m per
annum).

Access to in-kind or loaned resources (staff
and equipment) to facilitate the initial growth
of the TIC.

Provide funding into TIC for specific
research projects.

A key partner in research projects and
collaborations of the TIC.

A key partner in research projects and
collaborations of the TIC.

Access to in-kind or loaned resources (staff
and equipment) to facilitate the initial growth
of the TIC.
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Commercial return

Increased access to funding.
Access to large corporations to
partner in new ventures.

Increased visibility of demand side
needs.

Support in commercialising and
exporting innovations.

Reduced costs of providing network
through new innovations. (From
2009-2014, Network Rail are
required to reduce costs by 22%,
which equates to saving £4b).
Collaborative approach of TIC will
increase likelihood of innovation
success.

Increased access to funding.

Access to large corporations.

Access and ability to engage with
local SMEs.

Ability to see practical application of
and downstream benefits of research.

ARUP



Stakeholder Categories and Benefits

Stakeholders Description of Stakeholder Potential Role Benefits for Stakeholder

Association of
Train Operating
Companies

Train Operating
Companies

Transport for
London (TfL) -
London
Underground
Limited

European
Commission

TSLG

Represents Train Operating
Companies

Businesses operating passenger trains
in UK.

Responsible for operating the London
Underground train network and owns
(in whole or in part) more than 250
stations.

Executive body of the European Union

Provide a voice from the TIC to
TOCs.

Communicate needs of TOCs to the
TIC.

A key partner in research projects
and collaborations of the TIC.
Provide funding into the TIC for
specific research projects.

Provide funding into TIC for
specific research projects.

A key partner in research projects
and collaborations of the TIC.

Provide a source of funding for
specific research projects
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Benefits accrue to its TOC members.

Commercial return

New innovations can provide TOCs with
new ways of serving customers or
reduced costs of providing these services.
Collaborative approach of TIC will
increase likelihood of innovation success.

Reduced costs of providing services or
maintenance through new innovations.
Collaborative approach of TIC will
increase likelihood of innovation success.

Funding goes to an organisation that
brings together industry and academia,
that leads to new opportunities for
European companies abroad.
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Stakeholder Categories and Benefits

Stakeholders Description of Stakeholder Potential Role Benefits for Stakeholder

Knowledge
Transfer
Networks

UKTI

Knowledge
Transfer
Networks

TSLG

KTNs connect broader business and
academic communities with the overall
objective of accelerating technology
transfer into UK businesses. They
drive the flow of people, knowledge
and experience between business and
the knowledge base.

UKT]I helps SME increase their export
potential.

Programmes and areas of support
provided by the UKTI include
‘Passport to Export’,

‘Gateway to Global Growth’ and
‘Enhanced Support’.

KTNs connect broader business and
academic communities with the overall
objective of accelerating technology
transfer into UK businesses. They
drive the flow of people, knowledge
and experience between business and
the knowledge base.

Host targeted networking events.
Advise to TIC and partners on future
funding opportunities.

Source of potential research
collaborations.

Support for organisations (in
particular SMES) to break into new
international markets.

Provide UK businesses with local
intelligence on high value projects
overseas and intensive support to
win these deals.

Host targeted networking events.
Advise to TIC and partners on future
funding opportunities.

Source of potential research
collaborations.
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New collaboration opportunities for its
members.

Grow UK SMEs and position
internationally

Increase UK exports

Increase inward investment

New collaboration opportunities for its
members.
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Other important stakeholders and potential partners that will need to be considered by the TIC are listed
below

= Cross Industry Groups such as Technical Strategy Leadership Group (TSLG)
= Transport for London

= Transport for Greater Manchester

= Rail Freight Operators

= Rail Alliance

= National Skills Academy for Rail Engineering

= Derby and Derbyshire Rail Forum

= European Rail Research Advisory Council (ERRAC)

= European rail Research Network of Excellence (EURNEX)

= Export Credits Guarantee Department

= RCUK International

= British Council

= Global Science and Innovation Network — UK

= British Standards

= NPL

= UK Intellectual Property Office

= European Railway Infrastructure Test Centre (ERIC) — France
= CEF Railway Testing Centre — Valencienne, France

= High Value Manufacturing TIC

= Other TICs

TSLG o ARUP
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Location Overview Revision 6 RSSB

The Midlands and Yorkshire provide a base of universities and supplier activity in rail, providing an
opportunity to generate mutually reinforcing relationships that can drive innovation

There is a need for a built centre for the TIC. This provides a place where collaboration
can occur. Locating centres of excellence around clusters of existing innovative activities
in cities or regions can be highly beneficial, as proximity to universities and businesses
can generate mutually reinforcing relationships. For rail in particular, clusters of activities
include:

= Rail Industry Suppliers: Modern Railways (2011 Update) identified over 1,500
suppliers to the railway industry. Postcodes of these suppliers have been mapped out
on the adjacent diagram.

= High Value Manufacturing TIC: High performing centres for manufacturing are
located in Rotherham, Coventry, Strathclyde, Sedgefield, Redcar and Bristol.

= Test tracks: Test tracks (excluding Heritage Railway test tracks) include the Old
Dalby Test Track, Barrow Hill Test Facilities, Hertford Loop Line, High Marnham
test track and East Lancashire Railway Company Test Track.

The adjacent map, highlights the presence of significant business and academic activity
around the Midlands and Yorkshire. Depending on the profile of clusters for the other
transport modes, consideration should be made for locating the TIC in this area.

Derby presents a potential opportunity as it is the location of Rolls Royce and Toyota
(based in the outskirts of the city). Derby is also notable as a traditional centre of UK
rolling stock manufacturing; Bombardier’s recent move towards closure of its site there
may present an opportunity for a TIC to capitalise on an existing and available skills and
knowledge base.

Key Areas of Rail or Related Activity Proposed Enterprise Zones

B Test Tracks 458 Birmingham and Selihull
yoi Derby & Derbyshire with Nottingham & Nottinghamshire

@ Rail Industry Suppliers 424 Greater Manchester

O y5! Leeds City Region
High Performing Centres for Manufacturing y=i Liverpool City Region
‘ yoi North East
Rail Industry Bodies Sheffield City Region
. yoi Tees Valley
Important Historical Operational Sites ¥ ! The Black Country
. 424 West of England
O Manufacturing Base London (Royal Docks) and

North East (specific locations to be confirmed)
Universities
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Location Overview Revision 6 RSSB

The TIC can initially facilitate access to test tracks in the UK and internationally, but in the long term (as
demand increases) lease or own a full facility that is financed with minimal to no government subsidy

There is a clear demand from industry for additional test facilities, however recent studies highlight that a test track in the UK could cost in excess of

£100m.

= Current unfulfilled testing needs of the railway industry include:
- Accelerated fatigue testing of track system components in an environment that represents service conditions (current facilities at Old Darby and High

Marnham have been identified as being inappropriate because they do not see tonnage accumulation and an appropriate mix of traffic);

- Rigs for laboratory fatigue testing of rail, clips and sleepers;
- Ride testing and drive acceptance (however current facility at High Marnham has the potential to address this gap);
- Braking , EMC and noise tests (requires a track with sufficient speed); and
- Acceptance testing to prove fault free running (requires a track with sufficient speed and in an operating environment).

= Heritage railways are an option for testing, but they provide a limited level of test capability as speeds are low, electrified, maintained to different
standards and appropriate management systems are not in place to ensure robust and safe testing.

= There is evidence of high demand for facilities such as the High Marnham track, which is now operational and has been well received by suppliers for
testing and commissioning On Track Machines (OTMs).

= In addition, the Hertford Loop Line has been proposed for ERTMS testing and testing Thameslink vehicles.

= However there are test tracks where utilisation can be improved. The Old Darby Test Track for example is currently leased by London Underground but
is under utilised. The track is either completely unavailable or completely available.

= This demonstrates a case initially for improving the supply of existing facilities (to improve utilisation) and managing the pipeline of demand for these
facilities.

= The TIC can initially, can act as a facilitator of access to test tracks in the UK and internationally. This will include facilitation of testing for research
carried out within the TIC and for other external suppliers. It can build relationships with existing UK and international organisations offering test
facilities and coordinate access into them. This will benefit both projects that need test facilities as well as providing a pipeline of projects for these
existing test facilities (this pipeline will facilitate improved planning and increased utilisation of existing test facilities).

= Once a clear picture is developed on long term demand for a test track and the TIC itself grows to an organisation with £15-£20m annual income,
demand may increase to a level that may justify the need for a dedicated railway test track. This demand will create interest from investors to finance
such a facility with minimal to no government subsidy, and with the TIC owning, taking on the full lease, or acting as anchor tenant to the test facility.

= The key risk of this approach, is that access to international facilities may be limited, as preference may be given by these facilities to local organisations
over UK firms.
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Although enterprise zones offer potential policy linkages and economic development levers, they should
not be the main driver for selecting a location for the TIC.

The government has recently proposed a number of enterprise zones in England. There will be 21 in total and 30 bids across the Country have been
submitted and are being considered for the final 10 zones. Businesses in these zones will benefit from:

= Business rate discount of 100% over a five year period for businesses that move into an enterprise zone;

= Business rates growth within the zone will be reinvested locally;

= Potential introduction of enhanced capital allowances for plant and machinery in zones where there is a strong manufacturing focus; and

= UK Trade and Industry (UKT]I) support, to promote inward investment or trade opportunities.

Initially these enterprise zones will be located in:

= Tees Valley;

= Leeds City Region;

= Greater Manchester (Manchester Airport);

= Liverpool City Region (Mersey Waters);

= Sheffield City Region;

= Derby and Derbyshire & Nottingham and Nottinghamshire (Boots Campus);
= Birmingham and Solihull;

= The Black Country;

= West of England;

= London (Royal Docks); and

= North East (specific locations to be confirmed).

On balance, whilst there may be some locational synergies between existing technological clusters, research expertise and the potential for new business
creation, the TICs are focused on national sectoral development, where as the Enterprise Zones provide a local spatial focus for development and represent
a very different type of economic development measure to that of the TICs (which aims to spin-out innovation across the UK and into overseas markets).
The tension lies with the blurring of two policy mechanisms, with the TSB having a very distinctive aim. As such, Enterprise Zones should not be the main
driver for selecting a location for the TIC.
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Innovation Themes
TSAG ‘Game Changers’

Revision 6 RSSB

Potential Innovation Themes

1 Next Generation Traffic Management "

2 Optimised Energy Strategy .
3 Whole System Reliability "

4 Smart Data Communications =

5 Differentiated Railway "

Centralisation of rail traffic control into a single system to optimise network’s
capacity and increase customer satisfaction, reliability and safety.

Better exploitation of railway’s annual traction energy bill.

Whole system strategic approach to reliability, delivering improved asset
management via condition monitoring and system sharing of performance data, etc.

Improved rail mobile communications in line with needs of railway customers and
operations

Disaggregated network with technical principles and standards applicable to the
needs of different types of railway routes and customer segments served.

Potential Activities

1 Enabling Innovation .

TSLG

Create systems leadership with incentive and a process to embrace the potential for
improvement, without awkward technical, structural or cultural obstacles

ARUP



Innovation Themes Revision 6 RSSB
Output from 6™ June Workshop — Themes and Activities

Innovation Themes Areas of Focus

1 Integrated Technologies = Understand subsystem boundaries
= Capacity enhancing
= Open architecture systems

2 Integrated Information = Congestion reduction, Google model

3 Integrated Movement = Intelligent journeys, end to end transport

4 Testing and Simulation = Testing capability (test track)
= Simulation and modelling
= Synthetic environments
= Visualisation
= Technology demonstrators

5 Knowledge Centre Systems of systems

Integration of existing facilities / activities
Import technologies from elsewhere
Critical mass of skills and knowledge

Integration of existing facilities

TSLG ARUP



Innovation Themes

Feedback from Arup Internal Interviews

Revision 6 RSSB

Innovation Themes Role of TIC

End to end journey
Noise and vibration

Control technologies
Power and energy savings

Electrification technologies
Intermodal freight transfer / cross docking
Recycling and reuse

Light rail

Behaviour change

TSLG

Address changing needs of customers to improve the user experience
Develop capability in this technology area

Use of new communication technologies to increase capacity and increase safety (and
in process reduce weight of trains)
GPS controlled signalling

Alternative power sources
Light weight trains
Regenerative braking

Develop capability in this technology area
Develop capability in this technology area
Develop thinking in reduction of waste (modular, components)

Consider how intercity can link with light rail? Opportunities to reduce costs?
Innovative means of getting traction power to trains?

Role of information and information systems in changing behaviour and attitudes of
customers, the supply base and regulators

ARUP
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Fraunhofer Institutes (Germany)

Fraunhofer Institutes (Germany)

Fraunhofer is a non profit organisation that focuses on application-oriented research.

A large portion of Fraunhofer’s income is through contracts with government or industry. The

remaining 32% is from grant funding from government to support longer term research projects

(solutions to problems that will not become acutely relevant to industry and society until five or

ten years from now).

Fraunhofer forms strategic partnerships with universities to encourage collaboration through

innovation clusters

Of particular importance to Fraunhofer’s business model is ensuring commercial viability of

research and management of intellectual property:

- Pre research screening is carried out to ensure commercial viability (e.g. directly with market,
via technology audits).

- Arresults orientated intellectual property management process has been implemented, enabling
them to structure and exploit their patent portfolio on the basis of market potential.

Income 2009 (€1,650m excluding defence research and capital expenditure):

- Business research contracts (€329m — 25%)

- Licence fees (€78m — 6%)

- Government research contracts (€317m — 24%)

- European Commission (€65 — 5%)

- Other income (€127m — 8%)

- Core (grant) funding (€424m — 32%)

Expenditure 2009 (€1,180m excluding defence research and capital expenditure):

- Staff costs (€697m — 60%)

- Non-staff costs (€483m — 40%)

Employee numbers: 17,150 (including defence research)

Income per employee: €96,000

Employment costs (per employee): €42,900

Patent Applications 2009: 675

TSLG

Fraunhofer Institutes

Core Activities

Pre research opportunity assessments (prior to
research collaborations)

= Feasibility studies

= Market observations

= Profitability calculations

Research and development (up to production of

prototypes / small batches)

= Contract research for governments

= Contract research for large businesses

= Contract research for SMEs who do not
maintain own R&D department

Secondary Activities

Inspection and certification services

= Maximise utilisation of accredited test
laboratories required for research and
development

Training (Professional development,

Postgraduate courses, Business Technology

Days)

= Maximise utilisation of in house experts,
and leveraging off organisation’s credibility
and brand

ARUP
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MIRA Ltd (UK)

MIRA Ltd (UK)

MIRA provides product engineering, research, testing, information and certification services to the

automotive industry.

MIRA started out as a not for profit limited company that was government funded but has since
become liable to company tax and changed into a more commercially focussed organisation.

Revenue 2009 (£32.5m) :

- Research and test services (E28m — 87%)

- Rents (E2m — 5%)

- Membership subscriptions (£0.2m — 1%)

- Fuel and miscellaneous sales (£1.7m — 5%)
- Research grants (£0.8m — 2%)

Expenditure 2009 (£31.6m):

- Materials and consumables (£3.2m — 10%)
- Other external charges (£10.6m — 33%)

- Staff costs (£15.4m — 49%)

- Depreciation (£2.4m — 8%)

Net profit of £0.3m

Employee numbers: 377 (132 professional, 245 technical)
Revenue per employee 2009: £86k
Employment costs (per employee) 2009: £41k

TSLG

MIRA Ltd

Core Activities

R&D and Demonstration
Testing Services
Secondary Activities

Consultancy services
= Product engineering

Certification and Homologation

= European automotive type approval
services

= Tests for national approvals in the US and
Australia

Training (aimed at universities and engineers)

= Training courses tailored to meet the
specific needs of businesses by using in-
house experts

ARUP
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Benchmarks
Rail Innovation Australia (Australia)

Rail Innovation Australia (Australia)

= Rail Innovation Australia (RIA) is a spin-out from the Cooperative Research Centre for Railway
Engineering and Technologies (Rail CRC), whose mission is to commercialise research outputs
developed at Rail CRC.

= RIA also offer four postgraduate education courses via Australian universities, and can offer tailored
short professional training to suit the individual training needs of rail companies, using material
developed at Rail CRC.

TSLG

Rail Innovation Australia

Core Activities
Commercialisation
Secondary Activities

Training
= Postgraduate courses
= Specialised short-term training)

ARUP



Benchmarks Revision 6 RSSB

Transportation Technology Centre Inc (USA)

Transportation Technology Centre Inc (USA)

The TTCI conducts intermodal research and testing, and offers a wide range of test tracks and
laboratories for both passenger and freight rail transport.

Funding of approximately $13m comes from the Strategic Research Initiatives (SRI) which is
funded by the AAR.

List of 30 or 40 projects is ranked by cost/benefit analysis and the AAR chooses which to progress
with. Usually about 20 are taken forward each year.

Revenues are approximately $30m per annum.

Sources of revenue include:

internal consulting to AAR members and other transit agencies at a discounted rate
External consulting to international clients (including NR)

Specific government led research

Safety testing of all new rolling stock designs

Other sources of revenue include hosting events and open days

Employee numbers: 250

TSLG

Transport Technology Centre Inc

Core Activities
Testing Services
Training

Secondary Activities

Research and Demonstration

ARUP
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TNO (Netherlands)

TNO (Netherlands)

TNO is an independent research organisation, with a focus on research that will ultimately deliver
clear benefits such as attracting demand from customers. Of this research, a portion is funded by
government (for knowledge development), and a portion from contract assignments funded by
government and industry (knowledge application).

TNO also commercialise knowledge through 54 separate companies. Commercialisation receives
no government funding and is therefore incorporated through a separate limited liability company.
Income 2009 (€586m):

- Knowledge development — govt funded(€203m — 34%)

- Knowledge application — govt / industry contracts (€287m — 49%)

- Commercialisation of knowledge — spinoffs (€86m — 15%)

- Other income (€10m — 2%)

Expenditure 2009 (€603m of group including spin-outs):

- Personnel (€378m — 63%)

- Direct project costs (€83m — 14%)

- Other operating costs (€103m — 17%)

- Depreciation and other (€39m — 6%)

Employee numbers: 4,424

Income per employee: €132,090

Employment costs (per employee): €85,400

TSLG

TNO

Core Activities

Research and development
Secondary Activities

Commercialisation (through spin-out
companies)
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Centre for Process Innovation (UK)

Centre for Process Innovation

= CPI builds and owns assets that bring together companies, universities, public sector funds and
technology expertise to develop new products and processes for the process industries to prove
concepts, develop technology and demonstrate it to reduce scale up risks.

= Growth of > 60%/yr over 6 years.

= Since 2004 CPI have helped 2,900 businesses leading to the creation of 3,500+ private sector jobs

= The Centre for Process Innovation works closely with SMEs to develop, prototype and scale up
their products and processes. SMEs can access our state-of-the-art-facilities and flexible incubator
space to de-risk their development. As well as access to our assets we can offer SMEs training, IP
management, business planning, technology roadmapping and funding routes.

= Since 2004 CPI has led many high profile projects for the public and private sectors within the UK.
From European sources alone CPI has successfully created consortia securing over £80m for proof-
of-concept, collaborative R&D and infrastructure projects from programmes

= Already, seven technology start-up companies have been established — which are either wholly-
owned by CPI or joint ventures

= Employee numbers 2010: 116

= Income 2010: £23.5m

= Expenditure 2010: £23.6m

= Income per employee 2010: £134k (note that this was £9k in 2009 and £24k in 2008)

= Employment costs (per employee) 2010: £48k

= Patent Applications 2009: 14
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The key phases of this engagement were the industry scan, and development of a high level business
proposition and economic statement that aligned with the TSLG and TSB’s success factors
This inverted triangle below sets out the approach taken by Arup for this engagement. Work began with an evaluation of success factors for the TIC,

followed by a an industry scan to determine innovation opportunities. This concluded with a high level business proposition and economic statement
highlighting the wider outcomes to be realised by the TIC.

Rail Stakeholder Group Success Factors (61 June Evaluation Criteria) TSB Success Factors

TSLG Roadmap =
TSLG / Arup Experts —> _
z
Desktop research =———> g
> 3
; <
Rail Stakeholder Group Needs and Opportunities for TIC &
(6™ June Themes) >

Rail Stakeholder Group Input
(11t July Workshop) |

Market Sizing > -
Competitorsto a > <
TIC 3=
Dm
Stakeholder Busi . : 84
Benchmarks (Revenue and Costs) > Benefits Proust;gii?(in Sggﬁ:z:t: 8 m
Statement P =48
oz
Benchmarks (CapEx and OpEXx) > = 2
Location Advantages > ')
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Desktop studies were carried out to determine innovation opportunities, and to benchmark the success of
past innovations

Industry Scanning

= Industry scanning reviewed global and UK industry needs and drivers, global and UK learning and future capability, potential areas for innovation and
potential TIC activities.

= The industry scanning began with a review of the potential innovation areas from TSLG’s Technology Route-map of 2009.

= This route map used the Rail Technical Strategy 30 year vision developed by the Department of Transport in 2007 that identified a number of long-term
themes for change. The route-mapping exercise used these themes to identify a number of ‘applications’ (activities/technologies/resources) that could
play a part in delivering the 30 year vision. These applications were tested (in the Route-mapping exercise) against the 4Cs. For the purposes of this
study, the top relevant 15 applications and those applications identified as having a ‘Very High’ or ‘High Impact’ on the 4Cs, were included into the list
of Technologies / Systems / Processes to be analysed further in this study.

= Literature reviews were carried out using reports, publications, trade articles, studies and journals, to identify additional technologies, systems and
processes. These sources have been listed in the following pages.

= Industry scanning was supported by interviews with Arup Directors and external experts.

= Three workshops were carried out with TSLG’s TIC Subgroup, and rail industry stakeholders to validate findings.

Economic Benefits Statement

= We have undertaken an economic impact assessment, based upon secondary research that sets out the financial parameters that R&D in the
manufacturing sector in the UK operates within. We have applied this to the proposed R&D contributions from rail and across the transport systems and
integration TIC. The economic impact modelling includes net additionality analysis to focus on the likely new jobs which will be created. An assessment
of gross value added has been undertaken and a consideration of the wider catalytic impacts that can be created with effective innovation and results
which can be ‘spun-out’ into new company formation within the industry.

= The modelling exercise is high-level and has drawn upon the most robust and reliable data and reasonable assumptions available. The analysis can be
refined and improved subject to available time, resources, plans and information.
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Consultation

Revision 6 RSSB

The following representatives from industry were consulted as part of this engagement

6t of June Workshop (facilitated by RSSB)
= Andy Doherty — NR

= Anson Jack — RSSB

= Chris Baker - Birmingham University

= Chris Brown — DfT

= Clive Roberts — Birmingham University
= David Clarke — DfT

= Francis How — RIA

=  Guy Woodroffe — RSSB

= James Hardy — RSSB

= Jim Lupton — RIA

= John Amoore — NR

= John Seddon — Bombardier

= John Slinn — Park Signalling

= Karen Ner — BAE

= Louise Shaw — ATOC

= Nicholas Thom — Nottingham University
= Peter Oakley — TWI

= Rashid Wahidi — NR

= Stephen Timothy — Eversholt

= Steve Yianni — NR

= Trevor Lampen — Thales

= Trevor Wright - Nottingham University
= Vijay Ramdas — TRL

TSLG
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11t of July Workshop (facilitated by Arup)

Andy Doherty — NR

Anson Jack — RSSB

Chris Bouch — Birmingham University
Chris Brown — DT

Chris Moss - Eversholt Rail

Claire Porter — Thales

David Rhodes — Pandrol

Francis How — RIA

Guy Woodroffe — RSSB

James Hardy — RSSB

John Amoore — NR

John Andrews — Nottingham University
John Leigh — Faiveley

Jon Seddon — Bombardier

Karen Ner — BAE

Louise Shaw — ATOC

Rashid Wahidi — NR

Robert Harrison - Sheffield University
Simon lwnicki — Manchester Metropolitan University
Trevor Wright - Nottingham University
Tim Burleigh — Eversholt Rail

Vijay Ramdas — TRL
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Literature Review Revision 6 RSSB

The publications and reports below were reviewed as part of this engagement

Publications and Reports

= BIS 2010 - Internationalisation of Innovative and High Growth SMEs = RSSB 2010 — Exploring mega-city suburban network segregation

= BIS 2011a - Trade and Investment for Growth = RSSB 2010 — Mapping the remote condition monitoring architecture

= BIS 2011b — The Plan for Growth = TSAG 2009a — Technology route-mapping to support the planning for
= DfT 2007 — Rail Industry Research Strategy Rail’s 30 year vision

= DfT 2009 — Better Rail Stations = TSAG 2009b — Enabling Technical Innovation in the GB Rail Industry
= DfT 2010 — A Review of the Intercity Express Programme = TSAG 2010 — Shaping the 30-year Rail Technical Strategy

= DfT 2011 — High Speed Rail: Investing in Britain's Future = TSB 2010 — Accelerating business innovation across the UK

= DfT 2011 — Achieving Value for Money from Improving the
Management and Delivery of Innovation in the GB Rail Industry

= EC 1999 — The Impact of Corporate Spin-Offs on Competitiveness and
Employment in the EU

= Minshall 2005 — University Spin-out Companies

= ORR 2010 — Cost of Railway Outputs

= ORR 2010 - International cost efficiency benchmarking of Network Rail

= ORR 2010 — Review of rail cross-industry interfaces, incentives, and
structures

= ORR 2011 — Asset Management and Supply Chain Management
Assessment of GB Rail

= ORR 2011 - International whole industry including train operating cost
benchmarking

= ORR 2011 — Network Rail monitor

= ORR 2011 — Rail Value of money study Rolling stock whole life cost

= ORR 2011 — Technology and Labour Utilisation in UK Railways

= RSSB 2009 — Mapping current remote condition monitoring activities to
the system reliability framework

= RSSB 2010 — Enabling technical innovation in the GB rail industry-
barriers and solutions
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Literature Review Revision 6 RSSB

The studies, journals and articles below were reviewed as part of this engagement

Studies, Journals and Articles

= Datamonitor 2010a — Railroads in the United Kingdom

= Datamonitor 2010b — Railroads in Germany

= Datamonitor 2010c — Railroads in France

= Datamonitor 2010d — Global Railroads

= Datamonitor 2010e — Global Road and Rail

= Datamonitor 2010f — Road and Rail in the UK

= DfT 2009 — Commercial Review of ITSO Ltd

= DfT 2011 - Rail Value for Money Study-Final Report Presentation

= ERR 2011 — Rolling Stock Maintenance & Refurb supplement

= ERRAC 2007 - Strategic Rail Research Agenda 2020

= ERRAC 2008 — Rail Research in the EU

= ERRAC 2010 - ERRAC Roadmaps

= ERRAC 2011a - The Greening of Surface Transport

= ERRAC 2011b - Encouraging modal shift (long distance) and
decongestion transport corridors

= ERRAC 2011c — Improving Safety and Security

= EURNEX, 2006 — Guide to Europe's Leading Rail Researchers 2006

= Journal of Commerce 2010 — Intermodal Opportunity

= Journal of Commerce 2011 — Canada's Railroads Look to Asia

= Journal of Commerce 2011 — Game Changing Rail Strategies

= Journal of Commerce 2011 — Trains in the Line of Fire

= Logistics and Transport Focus 2010 — Open Access Rail Operations in
the UK

= McKenzie 2011 — FP7 Transport-Rail Research-Outcomes of 2011 Calls

= Railway Age 2010a — Global Rail Spending to hit 250 billion in 2015

TSLG

Railway Age 2010b — Global Suppliers Upbeat at Innotrans

Railway Gazette International 2010 — Setting Rails Research Priorities
Rail Research UK 2007/2008 — Annual Report

RIA 2010 — Skills Academy Go-Ahead

Rail Technical Research Institute Japan 2009 — Annual Report
RRUK 2010 — Rail industry forges strong links with academia in new
research partnership

RSSB 2010 — Tomorrow’s railway and climate change adaptation
RSSB 2011 — The Railway Functional Architecture

The Engineering 2010 — Government Must Think Fast to Tackle
Challenges Facing UK Rail Plans

Transportation Technology Centre Inc 2010 — Annual Report

TSB 2009 — Interim Strategic Assessment

World Trade 100 2011 — Intermodal Rail Gains Momentum
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Workshop Agendas Revision 6 RSSB

Three workshops were held with the TSLG TIC Subgroup, rail industry stakeholders and a panel of senior
industry experts from Arup

The objectives of each workshop are provided below:

Focus Group: (half day)

Arup carried out a focus group session with the TSLG TIC Subgroup. This group was presented with progress and initial outputs from Arup’s industry
scan and asked for comments. The focus group was asked to: Agree the ‘review criteria’ / TSLG and TSB success factors for this engagement; Provide
an example of an ‘exemplar’ organisation that the Transport Systems and Integration TIC should emulate; Review list of potential content partners and
comment on their potential role; Comment on funding sources / partners, likelihood of matched funding and possible uses of funding (capex, opex,
business start-up, research/demonstration projects); Provide initial thinking on innovation themes / areas of focus.

Day Workshop: (1 day)

The purpose of this workshop was to engage key representatives from the rail industry in identifying focus areas for the future of the rail industry in the
UK. The day will briefly recapped the workshop from 6™ of June, outlining what the joint objectives and success factors are for a TIC from both TSB
and the rail industry’s point of view. Arup summarised the industry scan conducted, looking at drivers of change and future challenges for the rail
industry, in the context of both global needs and drivers, and UK comparative advantage. Workshop attendees were asked for comments on or add to the
work to date, prioritise findings of this study, add any missing elements and develop relevant ‘innovation’ themes. The workshop then shifted into
looking at the TIC as a business, identifying the type of business the TIC should be, and the potential scope of activities for the TIC.

Directors Panel: (2 hrs)

The Directors Panel allowed the project team to engage relevant senior directors within Arup to sense check the innovation themes identified and the
developed thinking for the TIC as a business. Directors were asked to provide examples of previous innovation successes in the UK, which formed the
basis of the economic benefits statement.
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