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Mobility in the future

— How can we consider autonomous vehicles,
shared economy and digitalization in the
present decision making
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Danish transport minister expert

Forside / Nyheder / 2017 / Ole Birk Olesen: Ny ekspertgruppe skal se pa fremtidens transport

EKSPERTGRUPPEN
Ole Birk Olesen: Ny ekspertgruppe skal se pa fremtidens transport

Transport-, bygnings- og boligminister Ole Birk Olesen (LA) nedsastter ny ekspertgruppe, s ;

skal komme med anbefalinger til, hvordan vi bliver klar til fremtidens transport
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Terms of reference

Analyse

Possible future perspectives for the mobility and the
transport system due to the technological transformation

The expert group was expected to
— Create an overview over central technological driving
forces and societal trends in the transport sector

— Based upon existing knowledge describe how this
may influence the demand after and supply of
mobility

— Estimate how fast these changes will happen

Purpose:

Advise the ministry on the technological developments
implications for the coming years transport policy
decisions, i.e. <5-10 years
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Timely concern

eLifespan of decisions
—Traffic contracts 7-12 years
—Train rolling stock 20-30 years
—Bridges/tunnels —100 years
—Railways/roads 100+ years

e Expected introduction of autonomous cars

Figur 6. Scenarier for indfasningen af automatiserede biler i MOTOBA
100% —

00 / — - —
0 / /

80% / 7 ;

70% L T o

60% / / V Vejdirektoratet _

/

50% // 7

40% / 7

30% V4 7 === Optimistisk (Airbags)

/
20% / / == \lellem (Lane departure warning)
0,
10% /‘___/ Konservativt (Front crash prevention)
0% *Srfr—7V 77 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40
Ar efter markedsintroduktion

4 Otto Anker Nielsen 16.05.2018

Transport DTU, DTU Management Engineering, Technical University of Denmark

=
—]
—

i



Adoption of new Technologies
Adoption of Technology in the US (1900 to the Present)
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—Telephone — Electricity

—TV Air Travel
Video Games PC

—MP3 Player —HDTV

Market Realist2

{Blackrock)

https://www.vox.com/2016/3/4/11161758/electric-cars-oil-crisis
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—Cars —Radio —Fridge
-Color TV Credit Card -Microwave
Cell Phone Internet -Digital Camera
— Social Media — Smartphone —Tablet

Source: BlackRock
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Gartner’s Hype Cycle for emerging

Technologies

Peak of inflated
Expectations

2017

Expectations

Plateau of Productivity

Slope of
Enlightenment

Trough of

echnology ™
Disillusionment

Trigger

Time
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The first transport revolution

eUse of animals for transport

—Gradually developed over thousands of years
—Speed, load

Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark
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The second transport revolution

eUse of wind for sea transport
—Gradually developed over thousands of years
— Improved ship building technology and navigation

A R T

—
ral
57‘..

8 Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark


http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiT7MffmfnOAhXM1iwKHWpOALcQjRwIBw&url=http%3A%2F%2Fwww.vikingeskibsmuseet.dk%2Fkoeb%2Fbook-sejlture%2Fsejlads-i-vikingeskib%2F&psig=AFQjCNEC7CvMYl99RuR_fOqkBV5GCmrUWA&ust=1473198367636927
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiurqO7mvnOAhXFWiwKHTbAB5sQjRwIBw&url=http%3A%2F%2Fkickasstrips.com%2F2013%2F03%2Fkon-tiki-six-men-cross-the-pacific-on-a-raft%2F&psig=AFQjCNF6aFmayi4lpeogXXT9_Qa2W04QWA&ust=1473198539883419

The third transport revolution

e Machines as power source

—Fast technology development, US rail network
development 1880-1890

1890—_The period from 1880 to 1890 was one of
rapid expansion. More than 70,300 miles of new lines
were cpened in that decade, bringing the total net-
work up to 163,597 miles. By 1890, several trunk line
railroads extended to the Pacific. In thirty years -
from 1860 to 1890, the total mileage of the region west of the Mississippi River increased from 2,175 to 72,389, ond the
population of that area increased fourfold.
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Easter morning 1900: 5™ Ave, New York City. Spot

http://www.businessinsider.com/5th-ave-
1900-vs-1913-2011-3?r=US&IR=T&IR=T
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Easter morning 1913: 5" Ave, New York City.
Spot the horse.
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Source: George Grantham Bain Collection.
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The third transport revolution,...

eRefinements of technology, passenger cars
—US interstate highway system | 1950’erne

12 Otto Anker Nielsen
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General transport options today

eFaster

eLarger volumes
eMore reliable
eCheaper (per unit)

13 Otto Anker Nielsen
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...but capacity problems in the
transport networks

14 Otto Anker Nielsen
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Challenged urban transport
Infrastructure

15 Otto Anker Nielsen
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Forecasted growth in congestion In
Copenhagen
e Growth in delay time of 98% until 2025

e This could be reduced to a growth of 68% by
unrealistically massive infrastructure
Investments

e Status quo in delay time could only be obtained
by introducing road pricing

[f we do nothing, the sheer number of people and

=% Mobilitet og fremkommeugh 7

i hovedstaden

cars in urban areas will mean global gridlock. Now

is the time for all of us to be looking at vehicles the
same way we look at smart phones, laptops and tablets:
as pieces of a much bigger, richer network.

Bill Ford, executive chairman, Ford Motor Company
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Recent Demand changes in Denmark

e Urbanization

Relative forskelle

—Challenges both in urban and  ™a L L L e——
rural areas
— Changed commuting patterns -sﬁ ...... A
' % Wa oy
e Car ownership il =
X P
— Changes due to changed & w9
- Ui
taxation ] v
- o= - . t i Toous " cREuA
— Energy efficient micro cars AR iy S
« Maa$S / shared economy %“*”“ Nt o
— Enable non-car owners to use cars “5. = - 5 _,{;}ﬁf % "
b dan ‘ - S ,-P <
e Changed goods transport and g Ny ’;’ 1N
: bl RS PRy
delivery concepts tt:..;- . A y gv;__
N~ o
— Internet sale almost 25% of RETEN 7 4:»&’4;‘;5.
: ]
retail Sl

Population forecast in NTM/Statistics of Denmark, 2010-
http://www.dr.dk/nyheder/penge/danskernes-internethandel- 2030
naermer-sig-100-milliarder-kroner
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In 2015
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Predicted growth in road congestion
(2030), national transport model

Danmark
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The fourth transport revolution

eDigital age transportation with self driving
Autonomous vehicles

20 Otto Anker Nielsen
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Technological trends in the fourth
transport revolution

1. Electrification

2. Shared economy+ MaaS

3. Autonomous vehicles

4. Digitalisation and big data + the cloud/www

e Geographical impacts

21 Otto Anker Nielsen 16.05.2018
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1 Electrification

16 May,
2018

22 Otto Anker Nielsen
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The climate agenda’s consequences for =
the transport sector

eNew passenger cars have to be PO— Battery energy density
CO2-free from approximately L ke
2035 to reach the 2050-target for | || ,,,,,,,,,,,,,,,,,,,,,,,,,, -
Denmark's CO2 emissions | b

eEconomically competitive electric -} s
cars with sufficient range within 5- | —"ly
10 years ., S P

eChange to sustainable energy JOOIME” " e

realistic — not a crucial barrier for
future traffic growth

Otto Anker Nielsen
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Moores law on battery cost and density =

Figure 6 = Evolution of battery energy density and cost
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Electrification may come fast

eCalifornia Zero Emission Vehicle (ZEV) Program
eChina consider same policy

eFrance and UK have decided to ban sale of
petrol and diesel cars by 2040

eNorge: Subsidies and benefits for EV’'s. New
passenger cars and vans must be ZEV from
2025

eGermany and Netherlands discus ban from
2030 and 2035

eParis plan to ban all petrol and diesel cars in the
central city from 2030

25 Otto Anker Nielsen
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And car manufacturers gets the
message...

«GM intensified R&D in EV after the Californiens
Zero Emission Vehicle (ZEV) Program resulted in
extra cost for them, and large subsidies to
TESLA and Toyota

eVolkswagen (VOWG_ p.DE) increase focus
towards EV and plans to invest more than 20
billion Euro in ”zero-emission” cars towards 2030

e Toyota will reduce CO2 emissions by 229% in
2020 and 90% in 2050

26 Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmar k
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https://www.reuters.com/finance/stocks/overview/VOWG_p.DE

Logind ~ Bl

=
—
=

Transportmagasinet ~

L] L
' <=

Ny el-lastbil imponerer: Letkort og =
24. januar 2018 Ler | Tip redaktionen om en historie

Fuso’s eCanter er blevet medt med stor spaending. Der er tale om en elektrisk lastbil, som har en

passende razkkevidde. Forelebig er den kebt af en raskke tyske transportvirksomheder, som bruger

den til forseg med distribution i storbyerne Berlin og Stuttgart.

16.05.2018
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Battery trains

eCan charge at stations and
at terminals

eCan charge along sections
with power supply
-—=—"__ ~Can be achieved by retrofit
: - diesel trainsets

28 Otto Anker Nielsen
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DTU

Shared econom:

The Sharing Economy
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Mobility as a Service (MaaS)
Shared Economy

e Taxi variants @

e Co-driving
eCarpooling

Bl UBER

y Flextrafik B

~L [

vzs DriveNow

o0

eRented cars Hertz SnappCar

/shifting drivers ———
delebilen

30 Otto Anker Nielsen
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Shared economy iIs not new,...

They all had high
transaction costs
measured with the scale
of today,...

Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark
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Shared economy of today

e | ow transaction costs

e Eller seldom use with large
benefit...

e Sometimes “creative” with
regards to regulation, rules
and taxes

Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark



DTU
Different concepts by same provider =
«10% of the Danish population is member of GoMore

a@ ©) hitps://gomere.dk
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Rapid growth in shared economy for =
car transport

10,0% - 0,9%
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O D
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Source: GoMores press releises on members and the
national transport survey (TU).
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Shared economy and new
business concepts

2 MADER AT REG . ISKEL
DEN NUVZERENDE REGULERING LIBERALISERING DER TILLADER NY TEKNOLOGI

Taxameter | statskassen ST

Séedefglere med papirbon 1. MIA.KR. | SAMFUNDSOKONv. ..GEVINST
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Public transport — a bit provocative
eDrives from a place, where you are not located
eTo a place, where you are not going

e At another time than you need

36 Otto Anker Nielsen 16.05.2018
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Shared economy provide more
flexibility, but require critical mass

37 Otto Anker Nielsen
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..., balancing trip patterns
for car sharing
L IO
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When we are not using a benefit

ourselves, then somebody else can
rent It,...

i
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Development of car ownership and the
average number of persons per car in
Denmark the last 25 years
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Economy and willingness to share,

1.35 1.45 1.55 1.655.

'." Pl SR 5
Average occupancy ri |
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Shared economy and ’Mobility as a
Service”, MaaS, as concept

>

>
=
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X
)
(T
Own car
Uber-
Vi taxi” T
MaaS 1.0

Bus

>

Cost
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New transport sollutions

ePassenger cars

ePublic flex traffic with
driver

e Busses

e Trams/Light rails
eTrains

43 Otto Anker Nielsen

ePassenger cars

e Individual shared cars
eShared cars (+1 per car)
e Flexible mini busses
eBusses

e Self driving BRTs

e Trams/Light rails
eTrains

LIPUBUC + LN + DTS

Transport DTU, DTU Management Engineering, Technical University of Denmark 2018
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Shared economy for goods transport

mover business SERVICES OM MOVER LOG IND OPRET PROFIL

Danmarks sterste feellesskab af on-demand chauffarer og
vognmeend

Transport pad dine villkar - billigt, hurtigt og enkelt.

AFHENTNINGSADRESSE o LEVERINGSADRESSE K@RETAJ TID & DATO
; " P v . [ iz ;. - v
Adresse 1 Adresse 2 Karetojstype Veelg dato og tidspunkt
INSTRUKTIONER TIL CHAUFF@R DATO FRA TIL
/2
BEM/ERK: Der er én chauffer per vogn, sé vaer forberedt pi selv at hjeelpe. Prisestimat er inkl. 10 min. vente- og
lzessetid (5 min. ferst og sidst) herefter afregnes 5,00 kr. per minut. Beleb er ekskl. evrige brugerbetalinger (bro, —_—
feerge, parkering mv.). BESTIL NU
Udvidet bestillingsform Estimeret pris ekskl. moms
—
45 Otto Anker Nielsen 16.05.2018
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Disruptive potential

mover business

SERVICES OM MOVER LOG IND OPRET PROFIL

Mover er en transportvirksomhed efter deleskonomiske principper. Vi forbinder kunder med serviceorienterede chaufferer og vognmaend i biler, varevogne
og liftvogne. Til attraktive priser og uden skjulte gebyrer.

@ © ® ©

Gijeblikkelig transport

Med det sterste antal chauffarer og vognmeend i

Danmark, er vi ofte lige i neerheden.

30-50% billigere

Fedt ud af en deleekonomisk tankegang, anvender vi

chaufferer og vognmaend der har tid og plads til overs.

Forsikret levering

Vi forsikrer bade vores chaufferer og dine ting, sa alle er i

trygge haender.

Live tracking
Felg din chauffer pa hele turen, sé du slipper for unedig

ventetid.

46 Otto Anker Nielsen 16.05.2018
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What will be the impact of new shareds=
economy solutions?

e They may create new better transport options
for persons at some situations

e (Goods transport can be cheaper and more
reliable

Public monopoly solutions will probable lead to a
very slow and limited introduction

ePrivate solutions can be supported by
constructive regulation, as compared to creating
regulatory difficulties

e Subsidy may follow the persons not
operators/companies

47 Otto Anker Nielsen 16.05.2018
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3 Autonomous
vehicles

16 May,
2018
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Five levels of automation

SAE J3016 (Jan-14) Driving Automation Definitions

Self driving features — seen from the user:

e Self driving: Driving — under certain conditions — does not
require attention from the drive.

— The driver can therefore better utilise the travel time
— BUT must be ready to take over driving

e Driverless: The vehicle can completely drive itself from door-
to-door

— New users without driving license
— Empty repositioning

The self driving features can be limited to certain parts of the road
network, and by weather speed, traffic conditions, etc.

Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark


https://www.sae.org/misc/pdfs/automated_driving.pdf

Different degrees on assisted driving =

e More safe — maybe!
e More comfortable - probably

eBetter use of time (VoT) — but how much does
this matter?

—VoT for passengers?
eBetter use of capacity (on motorways), however,
dependent on critical mass
e Improved traffic control?
—Dependent on level of connectivity
—Traffic signal control, etc.
—Public versus private marked

50 Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark



Three paths for automating passenger
transport
- three business concepts

Development path

1. Graduately automating
private cars

[ Self driving private ]
cars

 Driverless taxi )
concepts
2. Fully self driving — ‘Taxis’
“taxis”’ —‘Shared taxisr’
— ‘Taxi busses’

Mobility-as-a-Service

3. Driverless public Automated
transport systems public transport

Daimler City Pilot

Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark
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Large share of driverless private cars are possible long out
into the future

- but there is large uncertainty and lack of consensus about the time
perspective

100%
90%
80%
70%
60%

1.Introduction to the
market

2.New technologies
penetrates slowly into
the market for new

SO |
% ‘ cars
30% Edrlie 2040-50 ~Niveau3-5  E3 Share of the car stock
20% / 2030435 and maybe even much _;‘f"”mfd increase slowly due to
| A~ =) later iveau ;
10% g e the long life of cars
0% o———

2020 2030 2040 2050 2060 2070 The Danish value-based car
taxation even slow down this
transition as compared to other
countries...

Otto Anker Nielsen
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New business models interacts with the
automatlon

Otto Anker Nielsen
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Driverless taxi concepts

#BUSINESS NEWS e THS AGO i: REUTERS

e Driverless taxies may be introduced
G planes LangeSeale latingh of Self- much earlier than driverless cars
driving carsin U.S. cme ] )

‘ — Automation of taxies develops as

driverless from start to save the
salary

Is this difference in expected time of
market introduction between private cars
and taxies realistic?

driving SUVs to families in Gothenburg, Sweden. The cars would be
able to ferry their passengers through at least 30 miles of local roads,
ay driving conditions—all on their own. “The technology,

Kilde: Wired 2911.1333:5—117

Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark



Driverless busses

e Today: Mini busses for niche markets
Later: Normal busses

e Driverless busses will probably also
appear before private cars

— Salary costs strong driver

— Fixed route makes it possible to adapt the
infrastructure, establish support systems
and interact easier with the other traffic

Otto Anker Nielsen

Stockholm far Skandinaviens forste forerlase

bus

Den fererlese bus har plads til 12 passagerer og vil folge en
programmeret rute pa 1,5 kilometer.

NTU and Volvo Buses to develop
electric, driverless buses by 2019
gt =~ 1 | =
frrt ey Signing of MOU between
""""" Volvo, SMRT and NTU His Exceen
ABRR ——

1™ JANUARY 2018

ELEETme

L T
A S O

Through a partnership inked on Thursday (Jan 11), Vol will provide twa 12m, 40-seater
Battery-powered buses, which will be fitted with aulenemous diiing techrologies. 5T PROTC.
TIMOTHY DAVID

www.straitstimes.com 11.Jan-18
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Automated trains

e Timing with regard to replacement of rolling stock
e Driverless S-trains;

—Cheaper and more punctual operations

—More frequent operations with little extra costs

e Driverless long distance and regional trains much further
out in the future

e Changes will be less revolutionising than for driver less
passenger cars

Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark



When we get completely autonomous
cars!

eNew use of cars

New user groups

e Self-parking

eEasier Mobility as a Service

eDelivery transport by passenger cars

57 Otto Anker Nielsen
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Disruption potential,
driver costs

Passenger car 0

Taxi 73-77 - S D
Bus 67 A XA
Truck 33-40
Passenger train 25-27
Passenger 10
airplane
Ship/ferry 3-70
58 Otto Anker Nielsen 16.05.2018
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Self driving trucks are already driving
INn closed areas
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New use of cars

e Moving office
e Moving hotel room

e Assumingly this will lead to (much) more
transport

60 Otto Anker Nielsen
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Microbe cars

eRequire less area “

e Special lanes

eDriving In
emergency lane

61 Otto Anker Nielsen 16.05.2018
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New user groups

e Children

e Handicapped
eElderly

e Drunk

62 Otto Anker Nielsen
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Parking

-Empty drive waiting Average number
—No dis-benefit for the owner of persons per

—VoT = zero | car can be less
e Self driving to parking than 1

—Or empty return run

e Result
—Urban centres can be relieved for parked cars

—BUT the road network will be loaded with more
congestion due to empty cars driving around

—And more car driving in general

63 Otto Anker Nielsen
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Mobility as a service, empty driving

e Self driving cars solves the imbalance between
flows of persons and goods in space and time

Empty return run

eRepositioning of cars to expected demand
—Swarm of cars driving arround

e How Uber Uses Psychological Tricks to Push Its
Drivers’ Buttons
—https://www.nytimes.com/interactive/2017/04/02/tech

nology/uber-drivers-psychological-tricks.html? r=0
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Will autonomous Maas cars replace
private cars in the long run?

e MaaS becomes
—Cheaper
—Easier to use and more reliable
—But still some transaction costs

ePrivate cars may become
—Cheaper (relatively to income)
—More flexible when autonomous
— Still convenience of owning
—And we become richer!

65 Otto Anker Nielsen
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Market shared today
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AV1l: If taxis cost the same as one can
expect from autonomous shared cars?
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AV2: AV1 + all the flexibility as
private cars can offer
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Goods transport with autonomous
“vehicles”

ePackages, letters, etc.
eChallenge mail and delivery firms

© Starship Technologies ©

69 Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark

=
—]
=

i



=
—]
—

i

DOMINQO'S PIZZA JUST UPPED THEIR GAME WITH A GROUND DELIVERY DRONE

70 Otto Anker Nielsen
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4 Digitalisation and
connectivity
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e http://www?2.deloitte.com/content/dam/Deloitte/tr/Documents/public-
sector/EN_Digital-Age-TRANSPORTATION_16.07.2014.pdf

72 Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark



Smart mobility visions

e The result of these innovations—and of the ecosystem of
creative players that have been drawn to transportation, from
information technology companies to ridesharing pioneers to
app makers—is that the mobility field will look very different %iagri]tsag?r?aemn:

going forward. It will be: The Future of
Urban Mobility

nnnnnnnnnnnnnn

e Massively networked, with ubiquitous connectivity
throughout the system

e Dynamically priced, so as to balance supply and demand

» User centred, taking into account users’ needs, priorities,
data flows, and dynamic responses to conditions

e Integrated, so that users can move easily from point A to
point B, regardless of mode, service provider, or time of day

e Reliant on new models of private-public collaboration,
which take advantage of the increasingly diverse ecosystem of
public, private, and non-profit entities that are working to
meet the mobility challenges of the 21st century

73 Otto Anker Nielsen
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Geographic
dimension
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Between cities
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Between cities — motorways

e Self driving cars appears first
on motorways

=Not necessary a safety benefit §lé ﬂ!!lﬁl’ %g
e Comfort becomes (even) more E—— —
Important

eExtra lanes and LKA
can increase the capacity
within the same road profile

e Traffic growth probably larger
than this capacity gain

e Graduate introduction

Otto Anker Nielsen
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Between cities — raillways

Benefits for railways will be smaller, challenged
by
—Shared driving with passenger cars

—Self driving cars, particularly by people who likes to
work during the trip

—Cheap driverless busses

eLong distance trains strength: High speed
— Stopping patterns
—Main lines vs. other lines
—Electrification of side lines - Battery trains

Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark
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Other cities and rural areas




Other cities and rural areas — shared

driving

eShared driving are today mainly long distance
between large cities in East and West Denmark

eGreat potential in shared driving: Could increase
the mobility for persons without car access
outside the larger cities and at times, when the
public transport supply is weak

eRules for allowed payment is however a barrier
for short and medium-long trips

Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark
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Other cities and rural areas —
driverless cars

eDriverless cars may increase the
mobility for kids and young and
others without driving license
and/or car access

Increased traffic and
congestion not an
iIssue

Otto Anker Nielsen
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Other cities and rural areas — public
transport

Driverless cars and new

business concepts like flex-

traffic (dial-a-ride)

—>Less need for traditional
public transport

Public service obligation via
driverless flex-concepts

Otto Anker Nielsen
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The largest cities
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The largest cities’ characteristics;

e High and increasing population
density

e Public transport, bicycle and
walk are the most important
parts of the transport system,
and congestion is a crucial
problem

e Space is limited and areas for
parking a special challenge

Otto Anker Nielsen
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The largest cities — battle for space

e High level public transport and bicycling
becomes even more important for mobility

\?

e Especially in the Capital Region: Rail borne
transport can relief the road network

e Shared cars increase mobility. Three

types: Peer to peer, floating cars, shared
cars with fixed parking location
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e Shared cars do not necessary reduce

traffic and congestion, but may reduce the
need for parking
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Capacity for different modes of
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transport
(Passengers per hour per lane)
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		Mode		Kapacitet pr. 3,5m kørespor

		Urban Rail		40,000

		Litghtrail		16000		6000		22000

		Bus		8000		1000		9000

		Car		1100		900		2000

		Bicycle		10500		3500		14000

		Pedestrian		21,000
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Capacity (persons per lane per hour)



Sheet1 (2)

		Transportform		Kapacitet pr. 3,5m kørespor

		Car		1100		900		2000

		Bus		8000		1000		9000

		Bicycle		10500		3500		14000

		Pedestrian		21,000				21000

		Lightrail		16000		6000		22000

		Urban Rail		40,000				40000
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The largest cities— Mobility As a
Service

MaasS is ideally a subscription, in which public
transport is a key-component, which is
supplemented by alternatives like shared cars,
shared driving, taxi and city bicycles

e Potential: Better mobility concept for the users
e Can make some to drop the car

* The challenges:
* Organisational and economic set-up

e Real time information
e Does it matter?

Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark
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The largest cities — private cars or taxi
concepts?

eDriverless taxies and shared concepts can become
a real alternative to private cars depending upon
costs and amount of weekend trips

e The economic incentive can be increased through
change of rules and regulations, which makes
larger payment for shared driving on short trips
possible

e ess need for parking spaces

Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark
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Influence on the city and urban
quality

* Possibility to change parking  pyeges

places to other urban ,,,,;
activities -

e Shared cars might be
electrical from the beginning

e Increase of traffic and o __
congestion — also with shared .,/_?q'
and/or driverless concepts — & i LRy
maybe even more than Foto Troels Heien, Monollne
without

Otto Anker Nielsen
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Suburbs — self driving cars
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e Self driving cars Iin queue-driving at radial and ring

roads

> More car use for commuting

Otto Anker Nielsen
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Suburbs — self driving busses

e Cost savings enables;
—More lines
—Lower marginal costs -
higher frequency

e Automated BRT as an
alternative to light rail

Otto Anker Nielsen
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Suburbs — use of public transport

e Use of public transport
depend on access to
stations

Driverless cars can

Increase the catchment
area via ‘kiss-and-ride’
The car does not need

to be parked at the
station

Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark
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Crosscutting insights =
and road pricing
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Road pricing, dependent on time and
location

e Benefits increases
e Costs decreases

eBut still challenging to
Implement

e Does benefits justify the
costs and risks?

Otto Anker Nielsen
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Decision support

« CBA should be improved

e When will automation and shared economy make a
difference for projects that are realised today?

 The national transport model and other
transport models should be developed further
to consider
e Self driving cars
e Shared driving concepts

Otto Anker Nielsen
Transport DTU, DTU Management Engineering, Technical University of Denmark
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Modelling challenges

eNew transport concepts
—Some doesn’t exist yet

—Other have very low market shares and are still under
critical mass

e More “modes” and mode chains as in traditional
models

e Different degree on openness towards shared
economy across generations

eFleets of shared modes require new methods

—Optimisation within modelling, as opposed to e.g.
“traditional” public transport

—Machine learning for short term demand prediction

96 Otto Anker Nielsen 16 May,
Transport DTU, DTU Management Engineering, Technical University of Denmark 2018



Post script
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And what happened with the expert
group conclusion

Ole Birk: Sadan gor vi noget ved traengslen - Transportministeriet Page 1 of 2

71‘ ransport, Bygnings-
og Boligministeriet

Forside / Ministeren / Taler og artikler / 2018 / Ole Birk: Sadan gar vi noget ved treengsl
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Transport Summit DTU
31 May, 2018

e https://transportsummitdtu.com/
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