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Transport and mobility: 
Key facilities

National Buried Infrastructure 
Facility, Birmingham

Person-Environment-
Activity Research 

Laboratory, University 
College London

National Infrastructure Laboratory, 
Southampton

Supported by Materials and Sensing Laboratories, Observatories etc



National Infrastructure Laboratory

Testing and Structures Research LaboratoryLarge Structures Testing Laboratory



National Infrastructure Laboratory

Geotechnical Centrifuge FacilityGeomechanics Laboratory



50 independent plates to simulate ground movement

National Buried Infrastructure Facility

Full-scale trials of infrastructure systems that facilitate 
the urban metabolism – people and resource flows:
• Tunnels, pipelines and culverts sensed and monitored
• Geophysical testing – seeing through the ground
• Road and construction traffic loading
• Trenching and trenchless technologies, robotics



Why do we innovate?

• New market demands

• New problems or priorities

• Develop new products, or improve the performance of existing ones

• Reduce costs and maintain viability

in order to

• Increase market share

• Grow existing markets

• Enter new markets



Future mobility: concerns

• Sources of energy
• Sources of raw materials
• Climate change
• Environmental pollution
• Biodiversity
• Health and wellbeing
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Averting the climate catastrophe



Future mobility: sources of energy

• Ammonia

• Biomass, (bio)ethanol, methane from AD of waste 

• Electricity: national grid, regional/local grid, 
battery?

• Glycerol (waste from biodiesel production)

• Human (walking, wheeling and cycling) 

• Hybrid energy storage technology for decoupling 
EV supply from grid. No need for grid connection 
could make marginal renewable schemes 
affordable



Future mobility: availability of biofuels

Data: Dave Smith

Source Amount (Mt)

1st generation Crops 90

2nd generation

Hydro-processed esters and fatty acids (HEFA) 85

Municipal solid waste 115

Wood processing 35

Forestry 65

Agricultural 70

Cellulosic cover 120

3rd generation 
/ future

Algae 25

Semi-arable land 20

TOTAL 625



Future mobility:
availability of biofuels

• Total available fuel from biomass: say 600 Mt / year

• Energy density of biofuel: say 40 GJ/tonne (1 GJ = 109 J)

• Total biofuel energy available  600 Mt × 40 GJ/t = 24 EJ 
per year (an EJ is an ExaJoule = 1018 J  2.8 × 105 GWh)



Future mobility: current world 
energy demand (EJ / year)

Data: Dave Smith

24 EJ / year from 
biofuels is all 
used by aviation

Industry

Steel 45

Cement 14

Aluminium 7

Transport

Light duty 123

Heavy duty 60

Shipping 19

Aviation 24

Power and 
heating

Space and water 
heating

79

Power 243

TOTAL 614



All Volvo cars to be electric 
or hybrid from 2019 

The Guardian, 9/9/17 and 25/7/17 



Future mobility: renewable electricity

• The largest wind turbine, the prototype Siemens SG 14-222 
DD, has 3 no. 108 m long blades and 15 MW maximum 
power output

• At an average of just over 50% of maximum capacity it 
would produce 70 GWh / year (~2.3 × 10-4 EJ/year)

• Would need ~4 000 of these to produce 1 EJ over a year (an 
EJ is an ExaJoule = 1018 J  2.8 × 105 GWh) 



Future mobility: materials for batteries, 
vehicles or electrification infrastructure

• Lithium

• Cobalt

• Copper

• Steel

• Aluminium



Iron and steel

• World iron reserves ~80 billion 
tonnes (Statista)

• World population 2018 ~7.7 billion 
people (UN)

• Average per capita steel in 
circulation in a developed country 
~10 tonnes (Allwood and Cullen, 
2015)
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Allwood and Cullen (2015) Sustainable 
materials without the hot air. UIT



Future mobility: the role of rail

• Currently the only mode offering zero CO2 emissions at 
point of use

• Inherent efficiency in terms of operational energy

- Pendolino average 23 Wh / seat/km @ 200 km/h 

- Electric car average 45 Wh / seat/km @ 112 km/h 

But it is not just about CO2



New Civil Engineer, 
May 2017



New Civil Engineer, May 2017



Future mobility:
the challenge for rail

• Currently the modal split for inland surface transport in the UK is about 
90% road : 10% rail

• Thus a shift of 10% from road would double current rail journeys

• When the number of passenger km (64.1bn in 2015/16) is already 
greater than at any time in the last 60 years, on a network that has 
roughly halved in size 

• Post-pandemic opportunities for rail freight

 Generate and accommodate modal shift



GWEP, Reading

New Civil Engineer, May 2017



Active travel: walking, 
wheeling and cycling

Jason Gill and Carlos Celis-Morales, Institute of Cardiovascular and Medical Sciences, 
University of Glasgow: The Conversation, April 2017

Study based on 250,000 people over 5 years found that cycling to work was associated with 

• 41% lower risk of dying 

• 46% lower risk of developing heart disease

• 45% lower risk of developing cancer

https://theconversation.com/cycling-to-work-major-new-study-suggests-health-benefits-are-
staggering-76292



Active travel: infrastructure requirements

• Make space for walkers and cyclists, 
who have been squeezed off roads in 
past 40 years by more traffic and 30% 
increase in size of motor vehicles

• Reducing private vehicle ownership will 
reduce the number of vehicles in 
circulation and reduce the amount of 
dead space in towns and cities used for 
car parking (dedicated and on-street) 

Photo: Auto Express



But what about White Van Person?



Parcel delivery: 2 companies, 
18 vehicles, 3 depots,1 day 

Squares: GPS tracker on vehicle
Circles: GPS tracker on driver
Intensity of trace represents overlap of activity by road

Tom Cherrett, University of Southampton





Per working day, the average courier is…..

• Delivering 127 parcels…

• ….to 72 different consignees

• Making 37 vehicle stops

• Walking 7.9 km (28% of total journey distance)…

• …leaving the vehicle stationary on the street for 
4.6 hours



Sustainable transport:
a way forward - 1

• Provide good infrastructure to encourage active transport (walking, 

wheeling and cycling) [direct health benefits + clean air]

• Accommodate micromobility (e-scooters and e-bikes)

• Invest in rail to provide capacity for modal shift

• Go electric: in cities, have only electric buses, trams, trains, bikes, 

scooters, delivery vehicles and personal mobility pods for those who 

need them

• Make public transport affordable [reduce bus/train fares not fuel duty]



Sustainable transport:
a way forward - 2

• Retain benefits of home working to avoid having to size infrastructure for peak 

flows [even out demand through the day]

• Coordinate deliveries at out of town distribution hubs

• Discourage individual car ownership, especially in towns and cities [good public 

transport options, free space for recreational use, dial-up pods]

• Prioritise scarce biofuel resources for use where there is no reasonable 

alternative [aviation, road freight not displaced to rail?]

• Batteries for remaining lightweight road vehicles

• Decongest, decarbonise, depollute, declutter: make space for people 



Transport Scotland 

National Transport 

Strategy

Transport 
Hierarchy 



Beijing, Sunday 27 October 2019



Picture: South China Morning Post International Edition



Picture: BBC



Perspectives on the past, 
present and future

(a) “It's tough to make predictions, 
especially about the future”Yogi 

Berra

(d) “The future is already here, it’s 
just not very evenly distributed”

William 
Gibson

(b) “I can cope with the present and plan for 
the future, but the past will always haunt me”

Chris 
Brown

(c) “The moving 
finger writes; and, 
having writ, moves 
on: nor all thy piety 
nor wit shall lure it 
back to cancel half a 
line, nor all thy tears 
wash out a single 
word of it”

(e) “It is often easier to shape 
the future than to predict it”

Omar 
Khayyám

William 
Powrie



Picture: The Conversation



Innovation: universities as 
partners and a resource

• Capability: the UK has world class researchers and facilities

• Location: networks of local, regional and national facilities

• Capacity: access to what you need for as long as you need

• Multi-disciplinary

• Problem solving based on understanding the underlying science

• Technology transfer from other industries

• New ideas looking for applications



Case study – making 
electrification affordable

• Strategic government priority – decarbonising transport

• Traction decarbonisation: electrification of 13,000 stkm by 2050

• Minimise embedded carbon in the electrification infrastructure

• Make the infrastructure affordable

Three areas for research, development and innovation:
• Reduce the need for new work (avoidance of bridge reconstruction)

• Reduce the cost and embedded carbon in what you do build

• Improve the performance and life of components (whole life and early cost 
both important)



Reducing the need for new work 
(avoidance of bridge reconstruction)

• Cardiff Intersection Skew Bridge. £40M 
reconstruction avoided by safely reducing 
electrical clearances, using surge arresters and 
insulating coatings. Led by Network Rail, partners 
Siemens and GLS Coatings; solutions tested in 
the high voltage lab at Southampton.

• Follow-on projects to generalise the results are 
being carried out at Southampton. Results of 
Phase 2 are the subject of an E&P Technical 
Advice Note issued by NR for consultation. 
Phase 3 has started in the high voltage lab.



Reducing the need for new work 
(avoidance of bridge reconstruction)

• Effect of contact wire gradient on the 
dynamic performance of the catenary 
pantograph system. When electrifying 
an existing railway the height of the 
contact wire is often forced to vary to 
avoid rebuilding structures.

• Results show that exceeding the 
standard maximum gradient of 1:500 
leads to only a 5.6% increase in the 
peak force even when the gradient is 
increased to 1:200. Project partners 
University of Sheffield, Network Rail 
and Furrer and Frey.



Reducing the cost and 
embedded carbon of new work

• The design of OLE mast foundations. 
Numerical analysis and full-scale site trials 
demonstrated that the design approach was 
over-cautious and also justified a more 
realistic design method, which was adopted 
as a Network Rail standard. 

• Independent estimates put the saving at 
£600M over three years and this contributed 
to restarting the electrification programme. 
Research by the University of Southampton, 
partners Network Rail and In Situ Site 
Investigation.



Reducing the cost and 
embedded carbon of new work

• Feasibility study on composite masts 
for OLE. The first lightweight composite masts 
have been created and tested at St Bride’s feeder 
station, just outside Newport in Wales. A DfT / 
Innovate UK-funded project led by Furrer and Frey 
with partner universities Cranfield, Southampton and 
Newcastle composite materials manufacturer 
Prodrive, and rail technology developer TruckTrain.

• A follow-on proposal to develop a viable product from 
TRL4 to TRL7 has been submitted, with direct 
support from NR. 



Improving the performance 
and life of components

• Mechanical testing of Bridge Approach Droppers. Network Rail frequently 
requires low height (or uplift) droppers to be installed between the 
catenary and the contact wire. The type test requirements for droppers 
focuses on standard dropper lengths. NR has asked Southampton to 
develop a more evidence-based approach to type testing requirements, 
starting in July 2022. 

• As well as reviewing 1,000 measured in service traces, the University will 
undertake millions of fatigue test cycles on 22 combinations of dropper 
design and length, totalling 4,600 machine days. 



Types of engagement

• Long term strategic relationship

• Collaborative research 

• Consultancy 

• Sponsoring a doctoral student – longer term results and potential to nurture new technical 
leaders

• Government schemes supporting knowledge transfer

• Secondments - inward and outward

Good value but not free. Understand costs and 
benefits



How to identify and access 
the support you need

• If you know who you want, approach them 

• If you are not sure who has the capabilities you want, or you want help to understand 
what might be possible, approach the Centre of Excellence contact listed on the UKRRIN 
website www.ukrrin.org.uk

• If your challenge doesn’t seem to fit one Centre, contact any of the Centre leads or 
ukrrin@rssb.co.uk

• Take independent advice from RIA or RSSB



Questions and Discussion
I have drafted the attached news item for the website and 
newsletter and included quotes from you and Tim Chapman.
Please can you let me know if you require any amends?
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Contact us @

hello@ukcric.com
www.ukcric.com

Hear from us by

Signing up to the UKCRIC newsletter www.ukcric.com

Following us on Twitter @ukcric


