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- EXECUTIVE SUMMARY -

His’rorico”y, the United Kingdom has been at the forefront of Jrechno|ogicon| progress
in infrastructure: from the first steam railway between Manchester and Liverpool in
18929, the o|oi|y London to Edinburgh service on the "F|ying Scotsman” from 1862 or
the opening of the first underground roi|woy in the world on the London Me+ropo|—
itan line in 1863.

Hyper|oop has the poJrenJrio| to address economic imbalances between different parts
of Britain and drive growth across the entire country. Historically, step changes in
transport connectivity have been pivo’ro| in supporting grow+|'1 and reducing ine-
quo|i’ries. For instance, the British canal system of the 18" and 19* centuries p|oyeo| a
vital role in the UK's Industrial Revolution. A new system allowing for movement of
goods faster and more efficiently manner brought about significant social changes.
Access to new Jrroding opportunities spreod wealth to communities in proximity to

these routes and created growth in local economies.

TronsporJr o|eve|opmen’r has been a driving force of economic groerh and social
cohesion. However, in recent decades, the country has relied on a conventional rail
network and an air system af capacity, provoking passenger distress and a loss of
competitive odvonfoge. The UK Spine, a Hyper|oop route going Jrhrough Edin-
burgh - Manchester - Birmingham - London seeks to add significant value to the
three pi||c1rs of sus+oinobi|i+y: economic, social and environmental. The revitalisation
of the transport infrastructure with an investment in the UK Spine could be key in
addressing all three pillars.

The United Kingdom is now characterized by stagnating procluc’rivi’ry, o|ee|o inequo|i—
ties between the North and South and a desire to shift to a cleaner economy, which
the Industrial 5+ro+eg\/, the Northern Powerhouse and the forHﬁcoming E missions Re-
ductions Plan seek to address. Momy risks exist in the poer—BrexiJrenvironmenJr, inc|uo|ing
labour shortages, volatile exchange rates and subsequent higher import prices. How-
ever, the Government has pledged to tackle these through increased funding in inno-

vative Jrechno|ogicc1| research and the o|eve|opmen+ of new quo|hfico+ion requirements.



STATE OF TRANSPORT INFRASTRUCTURE IN THE UK

An outdated transport network with a con’rinuous|y growing demand
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Rail travel

Over the past 20 years demand for rail has exceeded governmental and industrial projections,
growing faster than any transport mode in the UK. The trend is expec’red fo continue because of
cleep—rooJreo| structural trends such as popu|o+ion groerh and a modal shift from road transport.
Projeds nearing comp|e+ion, such as Crossroi|, are
focused on oddressing copoci’ry from under-in-

vestment in the past, meanw hile Hyper|oop has
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2 % of, currently in delivery, High Speed 2 railway line
(HS2). However, occorcling to the Institution of Me-

chanical Engineers (iMechE) - despite recent sub-
” stantial initiatives such as HS2, Crossrail and North-
ern Powerhouse Rail (NPR) - the UK will still errugg|e

to meet passenger demand. In addition, o large part
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of the HS2 economic case is reliant on the transfer
of passengers from the conventional rail network, o||owing Freighf to be Jrrc1r15|oorJred b\/ rail rather than
road. Hyperloop presents an opportunity to meet long-term demand and equip the UK with the tools

to address capacity CHOHenges due to arise over the next 30 years.

Projects nearing comp/eﬁon - such as Crossrail - are cafching up with under-in-

vestment in the past while Hyperloop is about catering for future demand.

AHhough Brexit may induce a slower economic growfh rate, considerable investment is needed to re-



lieve the capacity pressure thot o|rec10|y exists Jroo|oy‘ iMechE encou rages further investment incentives,
focusing on increasing capacity for nationwide passengers and accounting for both regional and city

services sim u|+0neous|y.

Air Travel

In the current geopo|i+ica| context, air demand forecasts are inherenﬂy uncertain. The Deporfmen’r of
Transport (DfT) and International Air Transport Association (IATA) present multiple growth scenar-

10s.

Heathrow Airport has been operating at capacity for the past 20 years and
Gatwick is quick/y opprooching its own capacity.

The expansion of Heathrow (with a third runwoy) is expec’red fo por’rio”y address capacity issues that
prevent the UK from competing with other European hubs. Important as it is for the future of the UK
aviation industry, the third runway at Heathrow may not be enough to meet demand over the next

30 to 40 vyears.

o & London’s airports are of strategic importance and
560 &X%ﬁ\x/ attract the highest number of passengers; they there-
g \/\&Wd fore require a special focus. IATA forecasts a slower
540 pace of growth in the first several years following
;; 20 - Brexit. However, London's airports, inclusive of the
5 \o,OG‘OQJ new runway at Heathrow, will be at full capacity by
_% ’ / | 2050 even in the worst case scenario of 1% growth
Z-QO 1 1 3 rates: capacity shortages at London’s airports com-
;?40 / | bined are forecast to attain at least 13.5 million pas-
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This is especio”y o|orming as occordmg to IATA
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post-Brexit growth rates will probably be higher than
1%, |eoding to an even earlier saturation point and
even higl’]er unmet demand over the next 30 years.
Additionally, it is

noteworthy that so far, air demand has been growing at a faster

pace than DfT forecasts, which may indicate that the expectations of -|3 5 I
. I million

market maturity may have been conservative.
passengers with

unmet demand
estimated by 2050,
even with the third
runway in place at

Heathrow (hard

Brexit case).

Overall, a closer examination of multiple forecasts and scenar-
ios provides a compelling case for additional investments fo in-
crease capacity. Hyperloop could help to alleviate capacity con-
straints |oy serving domestic aviation routes, ’rhereby re|ieving
domestic pressures on airport demand. A shift from short-haul

HigHs could also contribute to an environmental cleaner transport
mix, which will be discussed further in the context of the UK Spine.
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L ONDON VS. THE REST: ECONOMIC INEQUALITY ACROSS
THE UK

The United Kingdom—despﬁe hoving one of the higheer GDPs in the world—is marked by signh(iconJr

economic and social inequo|iﬁes. These inequohﬁes erpico”y show a genero| North-South divide.

On average, impacts of g|ob0|iso+ion have been of a net benefit to the UK. However, the relative ben-
efits of g|obo|iso+ion vary signhticomﬂy by region and city. This inequoh’ry in economic benefit has not
on|y had an effect on social We||—being, but has also led to distinct po|i+ico| ins+obi|i’ry and po|oriso’rion.
The UK government has a du’ry to ensure that all areas of the UK can be economicc”y competitive in
a dynomic and g|obo|ising world. Hyper|oop offers a prime opportunity fo provicle a unique, intercon-
nected backbone to the UK economy— bridging the gap between the North and South regions of the

country, and u|ﬁmo+e|y supporting economic and social collaboration.

Hyperloop presents a chance to bridge the North-South divide. The social inequalities in the North
of Eng|ono| compored against London and the South-East mirrors the disporify of economic groerh.
Londoners are overall more quo|hcieo| and have seen health benefits in terms of improved mental health
and a lower suicide rate. By improving labour moloi|i+y, Hyper|oop provides a poJrh towards recﬁfying

this issue, eﬁ(edive|y un|oc|<ing the benefits of colloboration between the Northern ogg|omero+ions.

5th 24, 70% 30%

largest metropoli- of UK graduates GVA of London of all UK taxes
fan economy in the emp/oyed inLon- higher than UK raised in London
world don average

Because of the political and economic weight, a project of national significance cannot afford to

ignore London in the process.

To reduce these inequohﬁes, the UK Government ocknow|eo|ges the need for o|eve|opmen+ in ifs
‘Northern Powerhouse’ put forward in the 2010-15 and 2015-17 governmental terms. lts prime aim is
to increase productivity and economic performance of key Northern cities, including Manchester, Liv-
erpool, Leeds, Sheffield, Hull and Newecastle, shifting the country’s economic focus away from London
and the South East. Accessibthry within and between Northern cities constitutes a |orge part of the

proposal.

The Northern Powerhouse is a strong concept fo promote the social and economic o|eve|opmen+ in the
North. However, choosing not to include London in a major infrastructure project runs the risk of not

re0|izing the full poJrenJrio| of connectivity between UK cities.



The UK Spine roufe is c/esigned to pass direcHy fhrough the Northern Power-

house aiming to increase the cooperation between cities with complementary

skills.

Prod uctivity

Cho”enges in the UK's international competitiveness are not so|e|y

exemplified by the gross inequalities that exist between London and 9

the rest of the UK. Many of the UK's cities are Fo”ing behind other
European cities in terms of producﬁvify—nine out of fen of the UK’s
cities have a productivity below the EU average (Bessis 2016). As a
result, the UK Government has made a central component of its In-

dustrial Strategy fo invest not justin London, but rather with the aim

out of 10 UK cities
with a productivity
below the EU aver-

age

of increasing international competitivity in all regions of the country

(Centre for Cities 2017).

The UK's Secondary Cities

Cities in the UK are characterized by deep inequo|i+ies, and the Government has committed to

bridge the gap with investment in technology, innovation and infrastructure investments.

UK cities operate within similar sectors but exhibit a surprising|y low level of cooperation. W hilst Lon-

don’s main competitive industry lies in the financial and banking sector, the UK's secondary cities have

varying sectors of economic advantage.

London

L ondon is the copifo/ city, and at the centre of
the UK's economic, social and political activi-
ty. It is the most populous area of the United
Kingc/om, and is a /eoc/ing g/obo/ city, particu-

larly in terms of its financial centre.

Population - 189 million
/\//efropo/ifon Popu/cn‘ion - 880 million
GVA - £ 334 bn

Edinburgh

The copital of Scotland. The economic output
has grown faster than the other cities in our
study, except Greater London, partly because

it has seen an influx of popu/oﬁon.

Population - 490,000
/\//efropo/ifon Popu/oﬁon - 14 million
GVA - £ 241 bn




Manchester

United Kingdom's 2nd most populous metro-
politan area. The Greater Manchester econo-
my is growing at the hig/’vesf rate in the UK
outside of London.

Popu/oh’on - 520,200
Metropolitan Population - 2.73 million
GVA - £ 56 bn

Birminghom

A major international commerce centre and a
UK transport hub, with over half of the popu-
lation under 30.

Popu/oﬁon - 1,J01,360
Metropolitan Population - 3.8 million
GVA - £ 241 bn

Liverpoo|, Manchester,
Newcastle and Sheffield
have hieroricoHy been,
and remain, hubs for
mcnufoc’ruring and pro-

duction.

Growth in digital and

+echno|ogicc|| hubs has

been most prevo|en’r in

cities such as G|osgow,

Edinburgh, Leeds and
Belfast.

Eéinburgh, Birminghom,
Manchester and Leeds
are also |eoding cities in
the Financial and Profes-

sional Services (F&PS)

sector.

A lack of connectivity and collaboration is inhibitive to inclusive growfh - Hy—

per/oop could unlock the benefits of greater occessibi/ify.

The current lack of connectivity and collaboration is inhibitive to inclusive groerh, and continues to
foster economic inequality across the country; Northern cities reliant on goods-based exports are fall-
ing behind as a result of impacts of globalisation (Centre for Cities 2017). Hyperloop could unlock the

benefits of greater occessibthry between comp|emen’ror\/ cities.

Governmental Support for City Interconnectivity

To tackle inequoh’ries across the UK, the Government has p|eo|gec| to improve its structural dynomics
in the Industrial Strategy. It presents the direction that the UK desires to pursue to meet its economic,
social and environmental objectives in |igh+ of po|i+ic0| hos’ri|i+y. The first three pi||ors of the Strategy

are:

1- |nvesﬁng in science, research and innovation
2 - Deve|oping skills
3 - Upgrading infrastructure

The strong need fo increase infernational competitiveness renders the UK Government more receptive
to innovative concepts such as Hyperloop. Respondents to our public consultation, including Edinburgh,
Manchester and G|osgow Cier Councils, revealed a strong inferest in the Jrechno|ogy and poinJreo| at a

need for a disclosure regorcling the cost and p|ormed rithr of ways.



THE UK SPINE

Our proposo‘ for a H\/per|oop in the United Kingdom takes the form of a main line o‘ong the West
coast, connecting the socio-economic hubs of Edmburgh, Manchester, Birming%om and London. Given
the expectations of Hyper|oop One's Jrechno|ogy, we can expect to reduce the time taken to traverse
the 400 miles between Edin-
burgh and London to under
one hour, dramatically rede-
Fining Jroo|o\/'s work and lei-

sure patterns.

Given that the average com-
mute in the United Kingdom
is 40 minutes, and 74 minutes

EDINBURGH in London, one could now

live in Edmburgh, and work

[%
) in London within the same
budgeJr of time, creafing an
MANCHESTER inter-city commuting capaci-
' ty. Considering the cities o|ong

BIRMINGHAM the route, the main traffic

LONDON generation source is tourism,
with London and Edinburgh
attracting opproximoﬁre‘\/ 17.4
million and 3.8 million tourists

per year, respecﬂve\y.

Overall, using data  from
ArcGIS, we found that QpproximQJre\y 6 million peop|e live within a 30 minutes drive from a Hyperf
|oop station, rising to 21.8 million within an hour drive. Given that the Hyper|oop One design is inclusive
of automated, on-demand vehicles, we expect the in-vehicle travel time to be opﬁmized so as to extend

the ro nge twice.

Equnding under Hyper|oop One's Autonomous Vision

Because of high popu|oﬁon densﬁy, the United Kingdom represents an ideal case for the imp\emen—
tation of multiple portals. The UK Spine could be enriched with at least 8 additional portals along
the pre|iminory RigM of Way on the West Coast. These would include: Brighfon, Combridge,
G|c:sgow, Leicester, Liverpoo|, Milton Keynes, Oxford and Reccling. A case of specific intferest is
the Jrriong|e of Oxford, Milton Keymes and Cqmbridge. The eruo|\/ of this weok\y—conneded arc of
territory has been undertaken b\/ the National Infrastructure Commission and shows a strong need

for inclusion on the rail network.




As the number of porfo\s is increased, the popu-
lation served increases. Now, a 30 minutes car
drive reaches close to 12.3 million peop|e in 30 ) EINEREY
minutes, rising fo 56.6 million within 60 minutes, f

which is more than half of the UK's popu|o+ion4

Areas within 60min drive inc. 8 extra por+o|s to

be found on https//arcqis/lj4gn

50%
The extended UK Hithrs per doy in

Spine reaches over each direction be-

half of Britain's popu- tween Edinburgh

lation and London

Regording the emp|oymen+ statistics of the popu|oﬁon in proximity of the route, there are around 2.7m
managers and senior o%cicds, proFessionoL associate proFessiono|s, admin/secretarial emp|oyees and
skilled Jrrqdespeop\e within 30 minutes drive. This highhgh’rs the benefits of the route from a conserva-
tive sfondpoirﬁ, high\ighﬁng passenger po+enﬂo| for which the economic benefits from the line are |il<e|y
to be greatest.

Extension of the route to Scotland is a vitdl component in increasing the overall economic reach and
collaboration between UK cities. One potential risk to this extension may the case of a positive Scot-
tish |no|epemo|ence Referendum result. However, there is sigmificorﬁ |oo|iﬁco| and economic evidence

from all UK parties that this risk-level is low.

In their 2017 General Election manifesto, the Scottish National Party (SNP) committed to merong a
high speed connection between G|osgow, Edinburgh and the North of Eng|cmo|, as a component of
any high speed rail network. Tokmg this into account, a Hyper|oop fo”owing the UK Spine route has
the po+en+io| fo comp|\/ with the demand to build a stronger network between Scotland, the North
of England and the rest of the UK. In an interview with BBC on the 2nd of June 2017 by Labour,
Conservative and Liberal Democrat representatives in Scotland all agreed that after o referendum,
maintaining a soft border is the on|y economico”y viable option. Consensus between dll parties - espe-
cio||\/ the SNIP party who have an imdependence referendum af the forefront of their manifesto - gives
support to the fact that the case of Scottish Independence would not have a legal impact on Hyperloop

connections between Scotland and the rest of the UK.



Disp|ocemen’r of Short-haul ﬂithrs

Optimising Runway Capacity

Over the past 20 years, Heathrow has been operating at a critical 98% capacity. The magnitude of
future capacity shortages in the South-East depends on the outcome of Brexit negotiations, but the
most conservative forecasts point to 13.5 million passenger unserved by 2050. A Hyperloop system
enables a modal shift from domestic flights by providing a compelling on-ground transportation system
disp|ocing national short-haul connections. This would free up to 10% of the existing South East airport
capacity for more profi’rob|e, |ong-|’10u| ﬂithrs.

Decreasing UK Aviation Emissions

The |ong term ambition to o|isp|c1ce demand for all commercial ﬂigh’rs to reduce greenlﬁouse gas emis-
sions is an ideal one. However, our UK Spine route would be poised to make a significant dent to this

end, providing an attractive modal shift from domestic ﬂithrs to H\/per|oop +ec|'mo|ogy.

Based on a total of 7.3 million passengers per year travelling between Edinburgh, Glasgow, Manches-
ter, Birmingham and London by air, it can be estimated using the ICAO’s carbon offset methodology
that around 600,000 tonnes of COQ is emitted per year as d result of these domestic routes. W hilst
this accounts for the effects of plane type and passenger weighting among other factors, it does not
take into consideration the effects of radiative Forcing, nor NOx and soot emissions. Hence, we foresee
a signiﬁcorﬁr opening for the UK Spine fo make a strong impact on the negative environmental effects
of these domestic flights and influence key governmental figures in meeting key climate policies, soon
to be outlined in the forHﬁcoming 2017 E missions Reduction Plan b\/
the British Government.

43%
the amount between
2015 and 2030,
that the UK p|ons

to reduce transport

Furthermore, a release of passenger capacity from the convention-
al rail network would enable a modal shift for Freithr transporta-
tion from trucks to rail. This modal shift forms a large part of the
High Speed 2 proposal, and a Hyperloop route would contribute

to continue the modal shift towards cleaner transport. o
emissions by

) Committee for Climate Change
The United Kingdom s future position with regords to the Emission ! ' J

Troding Scheme (ETS) remains unknown. With Hyper|oop |ooo|s

running on a fully-electrified network, the source of electricity is expected to be subject to any emissions
requlations as is currently with the rail sector. The current phase of the ETS (Phase 3) has set carbon
restrictions at 1.74% each year, however this is o|reao|y a higher allowance in comparison to the land-
mark Paris Agreement (COP21), meaning that there is a strong incentive to migrate towards greener

and more sustainable forms of transport, such as a Hyper|oop line to meet these targets.

Even aofter Brexit, the UK has p|eo|ged to maintain itfs COQ targets.

The tighter the carbon regulations in place, the greater the competitive edge of a Hyperloop route
proposo| in the UK. In the case of a “hard Brexit’, the United Kingdom is |il<e|y to leave the EU ETS,

N



criticized for oversupp|y and a low carbon price. As a result, a domestic cop—ond—frode system or a
straight carbon tax may prove more attractive to o Government. However, the Industrial Strategy and
the ForJrhcoming E missions Reductions Plan give confidence in the UK's commitment to shift towards

cleaner modes of transport, and is favourable to Hyper|oop.

600,000
tonnes of CO, emitted by flights
between Edinburgh, Glasgow,
Birminghom, Manchester and
London per year

*based on ICAO's carbon offset methodol-

o9y




|mp|emen’ro’rion in a pos’r-Brexi’r environment

Right of Way

The United Kingdom has a high population density and a geological structure that is not susceptible to
seismic activity. The Edinburgh to London route is characterized by mu|ﬁp|e ground proFi|e chonges
and natural barriers such as national parks as well as the Pennines. Overcoming these geographical
barriers prove cho”enging; with these factors combined, the preferred Righ’r of \)\/oy for the UK Spine

is undergrou nd.

The United Kingdom has @ |ong |egocy of +unne|ing, starting with Marc Brunel inventing the Jrurme|ing
shield in 1818. London’s £15 billion Crossrail is a good example of a recent, large-scale tunneling project

pushing boundaries of efficiency, complying with its allocated budget and the predicted time deadline.

To minimize the impact on local communities and reduce the risks of project

o|e|oys, the preferred Rithr of \)\/oy for the UK Spine is underground.

At first glance, the costs of tunneling could appear to be excessive if compared to overground solutions.
However, as soon as one accounts for costs in terms of de—risking, Jrurme|ing has the exp|iciJr benefit of
leading to minimal disruption to local communities. During construction, tunneling reduces the costs of
litigation, compensation and any other costs associated with project delays. Although the process of
Jrurme|ir1g is cho“enging, it could provide mu|ﬁp|e benefits such as mitigation of risks associated with
differential soil settlement and elimination of thermal-expansion problems thanks to a relatively con-
stant sub-surface temperature. Both, in turn would increase safety, reduce complexity and lifetime costs
of the scheme. Costain is a major UK construction company and has expressed preliminary interest in

carrying discussions,

Impacts of Brexit on construction and engineering sectors

One of the major risks associated with Brexit is labour shortages, especially in construction, engineering
and IT sectors. With 200,000 EU nationals working in the UK construction indus+ry, any substantial
reduction in that number could exacerbate the skills gap that already exists within the UK economy.
However, as part of its Industrial Strategy, the Government has committed to address skills short-
ages. The Government conducted the first employer panels to design and develop new quadlification

requirements for roll-out in Spring 2017, with the first skills routes to be delivered in Sep’rember 2019.

The imp|emen+o+ion of Hyper|oop would inevi+ob|y fall within the realm of major projects that have an
expeded total |hfespcm of 10 years or more. W hilst this timeline compares um(ovourob|y to the UAE, it
leaves enough time to deliver technical education and answer the extensive labour needs of the project,
signiﬂconﬂy decreosing reliance on migrant labour. If the Government fails o address this skills gap, this
could result in a loss of up to £27 billion per year fo the UK economy. The UK Government can take
this time as an opportunity to increase the promotion of STEM subjects at schools, specifically targeting

gir|s and women, as Jrhe\/ represent half of the national labour poo|.



Comporoﬁve/y /ong regu/ofory opprovo/ timelines leave enough time to bridge
the skills gap in construction and engineering industries and make it more

gender equal

Brexit also poses new challenges and opportunities with regards to infrastructure funding and invest-
ment in innovative projects. Uncertainty and volatility in sterling, combined with escalating prices of
raw material imports and higher costs of governmental borrowing could adversely offect returns
on investment in the short term for British infrastructure projects - a deterrent to {oreign investment.
To overcome uncertainty connected to Brexit, the Government has |o|oceo| investment in Jrechno|ogy,
skills and infrastructure at the core of its Industrial Strategy. The Government's commitment to in-
jecting capital via R&D funding and the Industrial Strategy Challenge Fund (£47 billion worth of

investment by 2020-21) aims to stimulate the development of innovation, and its consequent export.

Hyperloop could stand to play a key role in mitigating these risks by attracting greater inward in-
vestment for UK infrastructure projects and supporting innovative projects in the STEM sector. Given
the aim to support 'smart and clean energy technologies” alongside ‘robotics and arfificial intelligence
(including connected and autonomous vehicles and drones)” amongst others, the Hyperloop system

meets the strategic targets of the Industrial S’rroJregy.

Hyper|oop stands to benefit from the Industrial SJrroJregy‘s focus on improved

infrastructure and clean transport solutions.

From a legal standpoint the ground beneath the surface is owned by the owner of the surface unless
there is a special complication such as mineral deposits, oil or gas that are the property of the Crown.
The law of land ownership in Scotland and England can be construed through the principle of own-
ership from the heavens to the centre of the earth. As such, deploying the proposed Hyperloop under-
ground would still require compensation based on noise and vibration, a result of the Environmental

| mpact Assessment.

The three main stages in the deve|opmen+ of +unne|ing are |o|onning, opprovo| and o|e|ivery.
The Environmental |mpoc’r Assessment can take up to 5 to /7 years and can be cho”enged in court b\/
EU member states. Plans are subject to a public consultations, which may lead to a reconfiguration is

design or Right of Way.

Overall, public consultations often cause delays, but tunnelling minimizes the interference in private

properties, thus it is the prel(erred RigH of Woy.

Going unclerground significonf/y increases the deliverabili'l'y of the project.



Demand Mode”ing

A Quality of Service Index analysis was conducted to compare the Hyperloop as a mode of transport
to existing transport infrastructures. Based on the market shares of bus, rail and air travel in 2016, the
model yields a projection of the market share that the Hyperloop LDN - BIR - MAN - EDI route
is expected to capture in the first year of operations. A simulation of market shares and the resulting
revenue figures has been conducted under 5 different pricing schemes, proportional to the distance of

Hyperloop journey.

This model uses extensive data mining of current transport statistics (prices, timetables, demand) to
select locations for Hyperloop stations and define their catchment areas. Economic data for these post-
code regions were analysed to calculate utility factors and transport market shares for all O-D combi-

nations. Data was sourced from ArcGIS, the Civil Aviation Authority, HS2 Ltd, and UK Department
for Transport Traffic Counts.

The United Kingdom represents a complex mixture of urban-rural population and as a result, personal
car travel is the pre]cerred mode of transport. Despite accounting for neor|y 70% of domestic journeys
under 350 miles the model assumes no conversion of car passengers. This is caused by a temporary
lack of reliable data and a lower value of generalized cost of travel for the car driver. Also, the demand
model does not account for any induced demand (generofed troffic) from Hyper|oop, which leads to

a significant underestimation of results.

Based on the ticket price of £150 for a non-stop 550 12

one-way Edinburgh to London journey, the overall

number of journeys made in the first year of oper- 500 10w
ations of the UK Spine is expec’red to be just under B %
5.2 million, 0.6 million more passengers than on all g 40 88
domestic Heathrow routes combined. This price tag E o 6§
yie|o|s a revenue of over £460 million. As expeded, 2 e
a reduction in ticket price leads to a higher market % 350 42
share for Hyperloop: ot a price of £50 for an Ed- g g
inburgh to London journey, the share of Hyperloop o 300 29
travel exceeds 50% of all travel along the UK Spine. . :

A 30 minute journey time improvement on the rail
link between London and Edinburgh (from 5h to
4h30, an 1% improvemen+) has caused a demand

surge of 14.5% between 2013 and 2014. Agoin, an

improvement in frequency by 32%, from 126 to 188 weekly trips, resulted in a 7% increase in cross-bor-

Edi - Ldn Ticket price

der journeys. Therefore, we expect significantly higher values for Hyperloop passenger numbers once
induced demand is accounted for: given the cardinal improvement in travel times and Frequency of

departures, a significant increase in vehicle miles travelled is expected to follow.

Given the expeded mognifude of induced demand and a genero| favourable trend in on-Jrhe-ground
transport demand growth over the past 20 years, the UK Spine design should account for the boring

of multiple parallel tunnels, since adding tunnels in a phased manner is expected to prove expensive.



A MULTI-PACKAGE OFFER

How the UK Spine could impact the economic, social and environmental outlook of the

United Kingdom

1. Economic

By adding value to the three key factors of production (infrastructure, human capital and innovation),

productivity can be increased.

Result

Process

Factors of P roduction

Resilience of UK labour
market against shorJroges of

migrant labour flows

Intensive education and

training in technical skills

Human capi’ro|

An innovative economy Academic research of tech- Innovation
that can export the results nology and best practices

worldwide for implementation
Improved accessibility and Upgraded and infegrated Infrastructure

social mobi|i+y

transport infrastructure

Desired outcome: increased national proc|uc+ivi+y

2. Social

The UK Spine extended under Hyperloop One's Autonomous vision reaches

half of Britain's popu/oh’on in 60 minutes driving fime.

Delivers increased accessibility to employment and personal opportunities

Bridges the skills gap in the construction and engineering sectors

Creates thousands of jobs through construction of the route

Promotes STEM subjects in apprenticeships and high schools with the potential to reduce the

gender imbalance.

The revival of underperforming regions can spur productivity in areas with lower costs, cheaper land

and other underused assets.

Desired outcome: a more equal society



3. Environmental

Reduces greenhouse gas emissions from domestic aviation via o|isp|ocemen+ of short-haul UK-
based flights to Hyperloop technology

Frees capacity on the rail network for freight services through displacement of rail passengers
to Hyper|oop Jrechno|ogy, again a cleaner transport method both in terms of greenhouse gas
emissions and local air pollutants

Promotes innovation in electrical transport methods overall with a significon’r spi||over info oth-
er methods of transport: for exomp|e, autonomous electrical vehicles, oiding the o|eve|opmen’r

of an infegrated clean transport system.

Desired outcome: a cleaner future



AIRPORT CASE

In the |ig|’1’r of Brexit, it is vital that strategic infrastructure is copob|e to support economic o|eve|opmen+.
However, the lack of runway capacity and o densely populated area surrounding Heathrow Airport

put pressure on London’s ability to maintain the role of a major European hub.

THE IDEA

Currently, airports can only expand using adjacent land in order to maintain
operational integrity. By integrating o Hyperloop link into an airport's opera-
tions, expansion could be undertaken on any suitable site within a radius of

100km.

The application of autonomous, on-demand cars in such system would allow
the entire transfer process fo be within the same buclgeJr of time as for a pas-
senger transferring between two terminals within a single airport. Controlled
environment of airports at both ends of such route could also allow Hyperloop
One to test Fu”y irﬁegroﬁred end-fo-end transportation systems prior to imp|e—

mentation on pub|ic roads.

Oppor’ru nity

London airports serve more destinations than any other Europeon city and in 2016 co||ec+ive|y, Jrhey
handled over 163 million passengers. Heathrow is currently engaged in the planning phase of the third
runway. However, the expansion of Heathrow has very localized negative impacts, such as the de-

struction of over 700 homes, increased congestion of the airspace and a signh’:iconJr rise in air po||quion.

HypED has submitted a response to the Government's Consultation on the
Draft Airports National Policy Statement, outlining the case for addressing
shortage of runway capacity by implementation of a Hyperloop system.

London airports could be expanded whilst bridging any pre-existing constraints such as built-up areas
or congeered airspace. Eﬂfecﬁvdy, this would lead to an increase in benefits generofed Jrhrough the
aviation industry by improving airport connectivity, optimizing utilization of existing capacity and mit-

igating negative impacts on local communities.

] 2 3

Connection between Heathrow Connection between Heathrow Connection between Heathrow

Airporf and a greem(ie|o| site where Airporf and an existing, disused AirporJr and another well-estab-

a new satellite airport for Heath- runway, which could become a lished airport e.g. Gatwick, Stan-
row would be constructed satellite airport for Heathrow sted etfc.




Case study: Heathwick

London's Heathrow and Gatwick are, respec’rive|y, the busiest two- and one-run-
way airports in the world. CurrenHy no fixed connection exists between them, there-

fore passengers arriving at each airport: are constrained on|y to local onward ﬂigh’rs.

Should a 40km Hyper|oop link be constructed, such' a Hwee-runwoy ‘virtual hub” would have
handled over 118 million passengers and connected a total of 286 destinations based on 2016
ﬂigh’r schedules, making it the busiest airport in the world. Construction of the new runway at
Heathrow and, hig|’1|y |il<e|y, of a new ru nway at Gatwick shorﬂy aofter, would eﬁcec+ive|y create

a Five—runwcy ‘virtual hub” and enable exponen’rio| improvement of hub connectivity.
Cu rrerﬁ'ly, both airports are owned by separate companies, however the case for integration is

very strong. The group will pursue research within the field of airports and exp|ore opportunities

for imp|emen’ro’rion within the United Kingdom and worldwide.




OurR TEAM

HypED is a multi-disciplinary student group from the University of Edinburgh and Heriot-Watt Uni-
versity working on the innovative ultra-high speed transport project Hyperloop. We have over 50
members, predominonﬂy erudying Engineering (Mechanical, Electrical and Civil) but also Mathemat-

ics, Physics, Computer Science, Law, Business, Politics and Economics.

At the first SpaceX competition in
January 2016, the technical team
won one of the 12 highly esteemed

Total | Breakdown

awards for Technical Excellence in
Subsystem Design. Since, the group Committee 7 ||| N
has grown from 20 technical mem-
bers to 50 members across engi- Technical 28 25 3
neering, science, arts and humanities
depor+men’rs. HypED has now two Admin/Sponsorship 6 ﬂ
teams: technical, which is bui|o|ing

and testing the pod; and commer- Commerciol 16 |

cio|, who is Working on a pre—feo—

B Engineering/Science Hlow

siloi|ier eruo|y for imp|emen’roﬁon of

the Edinburgh to London route in Business/Econormics WA

the UK. The average age of team
members is 21 and there is an even
gender representation in the com-

mercial feam.

Technical team in June 2017

HypED successFtu went Jrhrough the Pre|iminory Design Briefing, Final Design Briefing and Final De-
sign Presentation stages in the Space X competition and have oﬁcicio”y quo|i1(ied for the g|obo| finals of
SpaceX Hyperloop Pod Competition vol. 2. The finals will take place in California at the end of August
where we will join an elite group of 24 teams from around the world. On|y three other teams from
Europe quo|ifieo|: Technical Universify of Munich Technical Universify of Endem-Leer and Warsaw
University of Technology.

Commercial team in June 2017

Our commercial team was shortlisted as one of semi-finalists of Hyperloop One Global Challenge
where Hyper|oop One, the U.S. venture funded firm ("£150M investment) is see|<ing g|obo| partners
for conducﬁng feosibihfy s’ruo|y and possib|e imp|emenfo+ion of the Jrechno|ogy. We joined a group of
35 semi-finalists among 2600 entries and will be presenting the economic case for an Edinburgh -

Manchester - Birminghom - London route on June 7th at the Vision for Europe event in Amsterdam.

Alongside this, the team has been involved with issuing responses to Government consultations, namely

the Draft AirporJrs National Po|icy Statement and the Industrial SJrro’regy Green Poper, proposing the
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Hyper|oop to Governmental bodies as a viable mode of transport to fulfil issues regording infrastructure

investment and air capacity in the South East.

Engogemen’r of HypED

Hyperloop teams worldwide are the greatest source of inspiration for the next generation of STEM
representatives. It is imperative that the Government, ’rhrough universities, reaches out and inspires
young people to take up STEM subjects. The UK will have to produce highly skilled STEM gradu-
ates with the en+repreneurio| and technical skills that induerry will demand in the For’rhcoming time.
The Government can support this work Jrhrough sustainable ﬂmding for STEM disciphnes in addition

aiming to create a more gender, race and class balanced research community for the future.

Academic support

The value of our mu|+i—o|iscip|inory work has been recognized by academics across mu|ﬁp|e cleporJr—
ments in the Universi+y of Edinburgh. The team has the official support of the Universier‘s Principo|, of
the Head of the Co||ege for Art, Humanities and Social Sciences as well as of the Schools of Engineer-
ing and Business. Furthermore, academic mentors of the team are Professor Gordon Masterton, Pro-
fessor Paolo Quattrone, Professor Win Rampen and Dr Augusto Voltes-Dorta. We have also received
support and cooching from MBA and PhD students from the Business School.

A S+rong need ]Cor reS@QrCh on Hyper|oop
In their responses to the public consultation we published (" Hyperloop Strategy for the United King-

dom”), public stakeholders have made a strong case for more research on costs and benefits as well as
the right of way of Hyperloop,before any formal commitments could be made. Moreover, during dis-
cussions with the Department for Transport, we have learned about the challenges analysts are faced
with when trying to compare Hyperloop against existing modes of transport. Given that the system is
expected to be on-demand and automated, there also exists a wide scope for research on operations
and optimization of movement. On the technical side, many more cho”enges with regords to the
creation of a vacuum, propulsion and safety are to be solved. The group is extremely diverse and has
acquired a foste for work across subjects, with computer scientists working on demand modelling or

engineers on regiono| |egis|o+ion4

Stories of stakeholder engagement

The University of Edinburgh:

Our alma mater. We are supporJred by the School of Engineering and the Head of the Co”ege of Art,
Social Sciences and Humanities, and actively supervised by Professor Win Rampen, Professor Gordon
Masterton and Professor Augusto Voltes-Dorto. We have received over £25000 from various funds

and are featured in the permanent Universify exhibition "|nspiring students”.

Innovate UK, UK's innovation agency:
[nnovate UK is supportive of Hyper|oop Jrecl'mo|ogy o|eve|opmen+s and has encou roged the team and the
University of Edinburgh to pursue the pre-feasibility study and to apply for the Investment Accelerator Pilot.

Forfhcoming Edinburgh F utures Institute (Universier of Edinbu rgh):
HypED is put as an example of multi-disciplinary work that the University of Edinburgh Engineering

21



and Business Schools seek to achieve in the nascent Institute.

Costain:
The re|o+ionship was formed at the “"When Hours Become Minutes” event, the showcase of the Ed-
inburgh to London route in October 2016. It resulted in HypED members speaking at a Costain'’s

‘Engineering Tomorrow - Innovation Conference’ in November 2016 and consuHing Costain su rveyors.

Social Media
As part of our outreach strategy, HypED has a very active Facebook presence, with just under 2,000

likes. Since January 2017, we post on average 3 times a week. Our communications are as follows:
| need Hyperloop: UK-specific facts that showcase the need for a Hyperloop system
What Is Hyperloop: Explanations of parts of Hyperloop technology, aimed at a non-technical audience

Humans of HypED: Interviews of team members, with infimate confessions on teamwork and what

Hyperloop is to them

HypED for Ca|ifornic/HypED for Amsterdam: UpcloJres on the progress of teams on the submissions
to SpaceX and Hyperloop One Global Challenge.

Typico“y, our posts have an organic reach of 3000 users, representing an engagement of over 45%

of our page likes base.

Event Appearances

As part of our engagement strategy, HypED has attended numerous conferences and events with key
stakeholders. This has included the UK Magnetics Society’s Conference in February alongside Universi-
ty level engagement, such as participation in TEDx ot UoE, running Workshops as part of the Festival
of Creative Learning and in numerous events promoting the society at School of Engineering open
doys and to alumni. On top of this, HypED has been involved in creating its own events, inc|uo|mg a
showcase on 27th October 2016 attracting 250 attendees and reaching approximately 3000 viewers

on a live stream.

As a result of these engagements, we have been recognised |oy the Universier, receiving the Sustaina-

bility Award in March and reaching the shortlist for ‘Best Academic Society .
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Commercial Team Members
Adam Anyszewski

Fergus Davidson

Stephanie Ebert

Grzegorz Marecki

Alliance Niyigeno
Nick Richardson

Hannoh Ritchie
Charlie Stewart
Paulina Szymczak
Carolina Toczycka

Sophiyq Volkova
Duncan Webb

Designed by:
Cameron Lintott

Sofia Paredes
Leo Taylor

Contact us at team@hyp-ed.com
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