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Introductory remarks

Introduction by
Dr. Anjes Tjarks

We have set ourselves the goal of sustainably chang-
ing and improving mobility in Hamburg and have an-
chored this in the red-green coalition agreement.
For the good of the climate, but also to improve
the quality of life for the people in our metropolis -
from a car-friendly to a people-friendly city. Achiev-
ing these goals will require a great deal of effort.
Which is why we are investing in public transport
and building 36 new rail stations in Hamburg in the
next 20 years alone. It is also why we are making
cycling in Hamburg more attractive and more com-
fortable. But the truth is that this alone will not be
enough - in terms of the scale and certainly not with
regard to the timeline. An important piece of the
puzzle is missing in order to offer public transport
throughout Hamburg within a few years at a level
that is simply more attractive than the private car.
This piece of the puzzle could be on-demand ride-
pooling services.

In this report, various scenarios are used to
illustrate the influence MOIA and its fleet can have
on mobility in the Hanseatic city. From a popular
and reasonably large niche product to a real game-
changer. Volkswagen’s decision to automate the
MOIA fleet opens up the prospect of scaling the
project to a completely different level, making even
the most extensive scenarios a realistic possibility.
This could enable MOIA to achieve a significant share
of the modal split. And this in turn - as the study re-
sults show in detail - could have a positive impact on
the city’s core public transport system.

The Free and Hanseatic City of Hamburg has
supported MOIA in a constructive manner from the
very first months. We were courageous and inno-
vative, drafted the experimentation clause in the
Passenger Transport Act and asked ourselves from
day one: how can we make this happen?

Dr. Anjes Tjarks, Senator for Transport and Mobility Transition for the
Free and Hanseatic City of Hamburg (Source: BVM)

And it is with precisely this mindset that we will con-
tinue to support the development of MOIA in the
coming months and years. To further promote in-
novation, to support the processes behind autono-
mous vehicles, but also quite clearly with the knowl-
edge that together we can really achieve something
positive in terms of mobility - and thus improve the
lives of the people in our city.

On this note, | hope you find the accompanying
research on the effects of ridepooling in Hamburg
as fascinating and insightful as | did.

Anjes Tjarks



Structure of
the MOIA study

Project duration
June 2019 - October 2021

Consortium

Karlsruhe Institute of Technology - Institute
for Transport Studies

Technical University of Munich - Chair of
Traffic Engineering and Control

Project management
PD Dr. Martin Kagerbauer

Project modules

- MOIA users

- Transport modelling

- Scenario development

The accompanying research examines the traffic reduction

potential of ridepooling

The aim of the study, which lasted about two and
a half years, was to gain insights into the use and
users of the new mobility service and to analyse the
traffic effects of ridepooling on an urban transport
system - today and in the future. The accompanying
research is not only the first comprehensive long-
term study on ridepooling, but also examines what
is currently the largest service in Europe. MOIA’s
all-electric fleet in Hamburg currently consists of
250 vehicles that have been specially developed for
the requirements of ridepooling. They offer space
for a maximum of six passengers, have a large lug-
gage compartment, a screen in the vehicle, USB
ports and shielding headrests that offer customers
privacy.

The Institute of Transport (IfV) at the Karlsruhe
Institute of Technology (KIT) conducted the study
under the direction of PD Dr. Martin Kagerbauer in
cooperation with the Chair of Transport Engineering
at the Technical University of Munich (TUM). In close

partnership with MOIA, the two research partners
designed surveys and created transport models that,
for the first time, determine and evaluate the effects
of ridepooling in an evidence-based manner.

In addition, numerous stakeholders from Ham-
burg’s mobility sector were continuously involved in
the project, including public transport authorities,
transport associations, the city’s licensing authority
and transport planning department, as well as trans-
port companies and special interest groups. At an
expert workshop, these stakeholders came together
to identify key influencing parameters for develop-
ments in the transport sector and to discuss their
significance for the future of mobility in Hamburg.
The results were used to develop scenarios, which
were then modelled and analysed in the simulated
environment.



Fig: Overview of the
simulated scenarios
in the accompany-
ing research on the
basis of selected
parameters
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The journey Ready Launching Shaping
continues to transform automation transformation
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Forecast
Population 1.95 m
Update according to “Statistikamt Nord”
taking into account
planned new development areas

Public transport
Expansion of rail-based public transport and integration of selected new bus lines
Motorised private transport (MPT)
New development / expansion of A26, A7, Al and speed restrictions on
selected inner-city roads.
Bicycles
Infrastructure development (cycle paths)
Sharing
Expansion of konsistent bikesharing and new carsharing services

Closure of the Jungfernstieg for motorised traffic

Slight
increase in travel
time

Significant
increase in travel
time

Higher
car costs

-20% car
ownership

Extended Hamburg-wide

service area service area
Max. 500 Max. 1,200 Max. 2,500 autom. Max. 5,000 autom.
MOIA vehicles MOIA vehicles MOIA vehicles MOIA vehicles

-50 % price reduction
compared to 2019



Short report

MOIA today and tomorrow - the status quo and four scenarios
for the future of mobility in Hamburg

Fig: Comparison
of the average
weekly number

of customers using
MOIA across all
scenarios
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The accompanying research for MOIA investigated
the effects of ridepooling on Hamburg’s transport
system over a two-year period. For the first time,
the study provides scientifically independent find-
ings on this nascent form of transport - on the basis
of comprehensive empirical data and highly detailed
models - and contributes to tapping the potential
of ridepooling in a more targeted way in the future.
The transport model, which was developed as
part of the accompanying research, maps the mo-
bility of the entire population of Hamburg and the
surrounding area as well as business travellers and

Short report

implementation of empirical findings on the use of

“new” means of transport, such as ridepooling, car-

sharing or e-scootersharing, makes this modelling

tool unique worldwide. The links to the fleet model

ensure a true representation of the ridepooling ser-
vice, the quality of the service and its impact on the

transport system. With the involvement of important
stakeholders in the city’s mobility sector, four sce-
narios were developed that show how mobility in the

Hanseatic city could be developed in the future. Nu-
merous details relating to traffic and urban planning

were taken into account.

tourists during the course of the week. The additional

Sim A - This is today

The simulation of the status quo of all passenger transport services in Hamburg, including MOIA, shows
that ridepooling already offers an attractive service that is well established in the city’s mobility system. The
heterogeneous users are very satisfied with the new service and occasionally integrate ridepooling into their
daily mobility routine, mainly for leisure-related trips — however, one in five trips is related to a professional
activity. On the other hand, virtually zero impact on the total volume of traffic is evident. With a share of only
0.11% of all journeys in the total volume of traffic, this is no surprise.

Sim B - The journey continues

The population in Hamburg has grown, and public transport, cycling and private transport infrastructure
as well as sharing services have been expanded. MOIA establishes itself thanks to a larger fleet and also
improves significantly in efficiency while maintaining the same service area (the occupancy rate increases
from 1.33 to 1.42). Overall, the measures result in slight changes in the modal split: the use of bicycles, public
transport and sharing services grows. The car loses proportionally (by 0.6 percentage points), but due to the
larger population, a larger total mileage is covered in absolute terms.

Sim C - Ready to transform

MOIA is expanding its fleet and service area and demand is increasing significantly. Parking restrictions as
well as slight adjustments to permissible speeds in built-up areas lead to longer journey times for private
vehicles. Public transport and cycling in particular benefit from this. The expansion of the MOIA service has
an additional positive impact on public transport, the so-called ‘touring effect’, whereby the vast majority of
MOIA users only use MOIA for one leg of the route (either the outward or the return journey). Public transport
is used for the other leg, which benefits the public transport system as a whole.

Sim D - Launching automation

MOIA continues to grow. Because the fleet is now 100 % automated, the service can be offered at a much
lower cost. This is clearly reflected in the high demand, which is growing 1.3 times faster than the fleet. Ride-
pooling now has a noticeable share of Hamburg's modal split - approx. one in 75 journeys is made with MOIA.
Measured in terms of the modal split, there is a slight decline in car use, but in absolute terms there is a slight
increase in the total mileage compared to today. Because push measures are largely absent, people stick to
their usual mobility routines. Overall, however, a considerable reduction in emissions is possible thanks to the
electric MOIA fleet.

Sim E - Shaping transformation

MOIA is now available with a fleet of 5,000 vehicles throughout Hamburg; at the same time, measures to re-
duce car traffic are taking effect - car ownership has also decreased by 20 %. Cheaper journeys are making
the MOIA service more attractive, which increases efficiency - over 50 % of the city’s total mileage is covered
by vehicles containing two or more passengers. Hamburg's mobility sector is becoming much more sus-
tainable, the environmental alliance is clearly winning and the reduction in the total mileage by more than 11
million km per week is remarkable. The goals of the “Hamburg-Takt” are also achieved in this scenario: public
transport and MOIA together account for almost 32 % of the modal split.



Method
design

State-of-the-art transport research methods guarantee the

high value of the study

Qualitative and quantitative surveys were used in
the accompanying research to investigate the usage
characteristics of the ridepooling service and the
characteristics of MOIA users. In addition to numer-
ous other sources, for example the MID study, data
from a “stated-choice” experiment formed the input
for mobiTopp, the agent-based transport-demand
model developed via various projects at KIT-IfV. The
aim of mobiTopp is to map mobility in the Hamburg
study area as the result of various decision chains.
Changing framework conditions influence these
decisions; for example, to ensure that the impact of
new mobility services can be examined. A new fea-
ture of the accompanying research for MOIA is the
coupling of mobiTopp with the agent-based fleet
simulation tool FleetPy (developed at TUM), which
maps vehicles and customers and is characterised,
among other things, by detailed modelling of cus-
tomer-operator interactions. In this way, relations
between the ridepooling fleet, the transport system
and people’s mobility behaviour can be mapped
in detail. Both models, mobiTopp and FleetPy, are
open source and accessible via GitHub.

The aim of the empirical
surveys in the accompanying
research for MOIA was

to create a comprehensive
database on customers

and their use of mobility and
transport services.

Empirical surveys

The aim of the empirical surveys in the accompany-
ing research for MOIA was to create a comprehen-
sive database on customers and their use of mobility
and transport services. For this purpose, an online
survey was designed and conducted at the end of
2019. The survey included questions on everyday
mobility, attitudes towards different means of trans-
port, feedback on the MOIA service as well as pos-
sible reasons for previous (non-Juse and an experi-
mental stated-choice survey.



Fig: Structure
and contents of
the survey in the
accompanying
research for MOIA

Period of the
survey:

Nov 15 - Dec 15,
2019

O

N\
# Participants:
11,372 (of which are
9,232 MOIA users)

Method design

People registered with MOIA were contacted directly
by e-mail and invited to take part in the survey; par-
ticipation was voluntary and not remunerated. In
total, about 11,000 fully completed questionnaires
were generated in this way. In order to supplement
the customer survey and to ensure sufficient com-
parability with non-users, an additional 1,000 peo-
ple living in Hamburg were recruited via an online
access panel.

The evaluation of the survey results was followed
by qualitative interviews with other MOIA users at
the end of 2020 to allow a deeper understanding
of specific user groups. The focus was on older cus-
tomers (aged 55+) and frequent users, i.e. people
who use the service on average at least once a week.
All interviewees were recruited via the MOIA Cus-
tomer Panel; a total of twelve interviews took place.

General questions

Sociodemographic variables
Gender, age, occupational status,
place of residence, household size,

income, mobility restrictions

Mobility behaviour
Current mobility behaviour, use of
demand-responsive services
(carsharing, ridesharing, e-scootersharing,
bikesharing), mobility tools

Settings
Attitudes towards various means of
transport and mobility services

Ridepooling

MOIA (non-)users
MOIA knowledge and
intention to use

MOIA usage behaviour
Reasons for use, trip purposes,
most recent use of MOIA

Settings
MOIA settings, service and
vehicle ratings

Stated-choice-experiment
Hypothetical choice of means of transport for different trip purposes and
transport modes (conventional and on-demand services)
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Demand modelling

mobiTopp is an agent-based transport-demand
model that maps the mobility of approx. 4 million
people over the period of one week in the accom-
panying research. Based on socio-demographic
and spatial structural conditions, all journeys made
in Hamburg are modelled to the minute with the
means of transport used, the purpose of the journey
and the point of departure and arrival. Accordingly,
the model makes it possible to evaluate the effect
of changed framework conditions. By recording all
routes in Hamburg (100 % model), the ridepooling
demand can be realistically mapped.

In mobiTopp, a synthetic population of the in-
habitants of the metropolitan region, the surround-
ing area and also tourists and business travellers is
generated. According to their individual character-
istics (age, gender, income, household membership),
the available means of mobility (car availability, pub-
lic transport season ticket ownership, bikesharing
membership, etc) and the environmental condi-
tions (quality of the transport services at the place
of residence, etc.), the people in the model behave
differently depending on the situation. Since they
are modelled as autonomous individuals, they are
referred to as “agents”. They have an activity plan
that they follow during the week. For all journeys, a
destination and mode choice is made, among other
things. The mode choice is based on a cross-nested
model. The underlying parameters for these de-
cisions are estimated on the basis of a model that
incorporates a “maximum likelihood” approach, into
which data from the above-mentioned empirical
study of the project, Germany-wide mobility surveys
(MID and MOP) and other structural data have been
incorporated. The model was calibrated and validat-
ed using external data. '

In addition to the “classic” means of transport,
i.e. walking, bicycle, car (as driver and passenger)
and public transport, the model also integrates the
following modes: taxi, bikesharing, e-scootersharing,
carsharing and MOIA. For all means of transport, the
available services in Hamburg were considered in

Method design

In addition to the “classic”
means of transport, such as

walking, cycling, car (as
driver and passenger) and

public transport, the following
modes were also integrated:
taxi, bikesharing, e-scooter-
sharing, carsharing and MOIA.

detail, e.g. cycle paths, public transport timetables
and stops, car journey times (taking into account
traffic jams), as well as the service areas or stations
for the various mobility service providers. Intermod-
al routes by public transport are also represented -
public transport stops in the model can not only be
reached on foot, but also by other means of trans-
port.

Coupling

Ridepooling services are highly dynamic systems.
The possibility of using MOIA and the characteristics
of a MOIA journey strongly depend on the current
fleet and demand conditions. If too many customers
want to use MOIA, the availability of vehicles decreas-
es and requests have to be rejected. If, on the other
hand, only a few people use the service, the pool-
ing rate decreases and customers are more often
brought to their destination via a direct route. In or-
der to map these dynamics as accurately as possible,
the mobiTopp demand model was coupled with a
detailed ridepooling fleet simulation.

Fleet simulation

Two core aspects were considered in order to rep-
licate the operation of the MOIA fleet as realistically
as possible. Firstly, the company’s booking process
for its passengers is mapped by allowing the latter to
receive quotations and book journeys based on the
current fleet status (including load factors). Secondly,
operational fleet management aspects are mapped
in detail to assess the traffic-related impact of MOIA,
e.g. by optimising vehicle route planning to serve

1

Data sources:
“Statistikamt Nord”
(district profiles,
household sizes,
population by age
and gender,
arrivals and
overnight stays

in Hamburg,

etc.), MID, MOP,
Transport Model
Hamburg, MOIA,
OpenStreetMap,
HVV, project survey,
census, mobility
providers, Employ-
ment Agency, KBA,
BMVI, etc.



Method design

Fig: MobiTopp transport-demand mode
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customers, proactively allocating vehicles based on
expected demand and vehicle charging operations,
and their availability based on driver shift schedules.
The fleet simulation is also an agent-based model -
with the following agents: a fleet operator con-
trolling its vehicles through route assignments; fleet
vehicles moving on a network graph based on route
assignments from the operator; and customers
making travel requests to the operator. In the model,
the operators assign routes to their vehicles, which
the vehicles are obliged to follow. A vehicle route
consists of a list of stops, each defined by a network
position and a task at that position (e.g. picking up/
dropping off certain passengers, loading or parking).
Vehicles travel between stops on the fastest routes
in the network. Assigned routes can additionally be
used to check vehicle availability.
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Results

Effects of ridepooling on the Hamburg transport system - today

and in the future

In the project, four scenarios were developed and
modelled that show how mobility in Hamburg could
develop in the coming years. A large number of in-
fluencing and developmental factors were taken
into account. The scenarios include, for example,
some of the public transport service improvements
planned in the Hanseatic city (new underground,
suburban railway and bus lines), the expansion of
the road infrastructure (motorways, cycle routes)
and the expansion of alternative mobility services
(bikesharing, carsharing). The projected increase in
Hamburg’s population was also taken into account.
In the following, the results are presented on the
basis of selected parameters, whereby the impact of

MOIA on the Hamburg transport system, both today
and in the future, is shown.

MOIA is not only used by the people of Hamburg
in their daily lives, but also by visitors and commut-
ers from the surrounding area, as well as business
and private travellers who are (for example) on their
way to the airport or a train station in Hamburg. This
is also shown by the very different customer groups
that were identified by means of the survey results.
The following results are therefore not limited to
the mobility of Hamburg residents and instead map
mobility within Hamburg, regardless of the place of
residence of the respective agents.

Fig: MOIA user
profiles generated
from the survey
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Sim A
This is today

Service area

Modal split 2
in %

The status quo shows mobility in Hamburg shortly
before the pandemic, around the end of 2019. MOIA
was launched in the Hanseatic city only a few months
earlier and has up to 250 vehicles available. The
service area covers approx. 190 square kilometres
in the inner-city area of Hamburg (including three
depots), within which all central locations from the
Landungsbrucken to the Alster and Hagenbeck Zoo
can be reached using the new mobility service.

MOIA has already established itself in a short
time and has been well received by the people of
Hamburg. There are about 43,000 journeys per
week;the average weekly number of users is 28,000,
which indicates that MOIA is currently still only an
occasional means of transport.

Fleet

252 23.9 14.5 26.5 9.8

The daily distribution seen in the figure shows that
most trips take place in the evening or at night,
when - compared to a regular metropolitan daily
distribution - there is less total traffic on Hamburg's
roads. Unlike other new services in the field of

“Sharing Mobility”, which typically address a group

of predominantly male ‘early adopters’ in the initial
phase, MOIA’s customers are highly heterogeneous.

The majority of users are highly satisfied with
the services offered by MOIA. The innovative de-
sign of the vehicles, the feel-good atmosphere and
privacy inside them, as well as the interaction with
the drivers are frequently highlighted in a positive
light. MOIA is mainly used when alternative means of
transport are perceived as inconvenient or unsafe.

2

Hamburg’s internal
traffic, broken down
by the following
means of transport:
car (driver), public
transport, bicycle,
on foot and other -
including taxi,
sharing and car
passengers.



Fig: Average daily
distribution of MOIA
trips and daily
distribution of all
simulated trips in
Hamburg for com-
parison
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MOIA users are multimodal to an above-average extent

and highly mobile. Three quarters of users use at least two
different means of transport every week. This flexibility is
also reflected in a high availability of mobility tools (bicycle,
public transport season ticket) and numerous memberships

with other mobility service providers such as bikesharing and
carsharing.
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All routes

MOIA routes

In the survey, most users gave the following reasons

for travelling with MOIA:

No direct links to public transport available
Journey with own car not possible

Bad weather

Ridesharing with other people

In the interviews, the additional convenience of not
having to find a parking space was emphasised, as
well as - especially by female respondents - the
higher perceived safety compared to public trans-
port and also taxis.

In the status quo, MOIA has a very marginal share
of of Hamburg's traffic volume at just 0.1%; accord-
ingly, virtually no impact on traffic flows was identi-
fied. The other demand-oriented options, such as
carsharing, bikesharing or e-scootersharing, also
account for far less than 1% of the total trips made
in the city.

The MOIA fleet achieves an average occupancy
rate of 1.33. This describes the average number of
customers sharing the vehicles per fleet kilometre.
The occupancy rate was calculated conservatively
and includes all kilometres driven, including the
empty runs by the fleet, which are due (for example)
to the journeys to pick up passengers, repositioning
runs and trips to the depot.

After submitting their booking request, custom-
ers wait an average of 4:30 minutes for the vehicle to
reach the drop-off point in the simulation and travel
an average of 7 km with MOIA. To enable pooling,
they have to accept an average diversion of about
25% compared to a direct journey from start to des-
tination.

8am. 10am. 12pm. 2p.m. 4pm. é6p.m 8pm. 10p.m.

Time of day

15
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Sim B

The journey continues

Service area

Modal split 3
in %

The scenarios provide a glimpse into Hamburg’s
future. MOIA is also developing its services and be-
coming increasingly established in the city’s mobility
landscape. The service area, which in this scenario is
analogous to the status quo, is now supplied with up
to 500 vehicles at peak times. Accordingly, the MOIA
customer base is growing and demand is increasing
to around 83,000 journeys per week, which in turn
are made by around 54,000 people. The simulation
generally shows similar usage patterns to those seen
in the status quo. The journey times, the average
age of the users and other indicators remain almost
unchanged.

MOIA has a positive, albeit marginal, impact on
overall traffic in this scenario: The share of ride-

Fleet

+0.4 +0.1

24.6 24.6 14.9 25.7 9.9

pooling in the modal split grows by about 82%
compared to the status quo, but still only reaches
a share of 0.2% of all trips in Hamburg. Thanks to
the improved service, however, the proportional use
of bicycles and public transport is also increasing
alongside MOIA. It is also worth noting that although
MOIA attracts users from all modes of transport, its
impact on the active modes (walking and cycling) is
especially small. To a large extent, this is due to the
MOIA pricing model: a base fare is charged for each
journey, regardless of the distance travelled (in addi-
tion, the fare includes a distance and demand-based
component). This makes driving shorter distances,
which in turn are often covered with low-cost or
free, active modes of transport, relatively more ex-

3

Hamburg’s internal
traffic, broken down
by the following
means of transport:
car (driver), public
transport, bicycle,
on foot and other -
including taxi,
sharing and car
passengers.



Fig: Average weekly
mileage for MPT
(car, taxi, carsharing)
and MOIA in com-
parison
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Hamburg’s cycle routes are
becoming a reality.
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The infrastructure for car
traffic is being improved
through several road ex-
pansion and new construc-
tion projects. In the city
centre, the Jungfernstieg
is closed to privately owned
motor vehicles.
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Carsharing and bikesharing services are being expanded.

pensive and thus less attractive.

Compared to the status quo, the traffic volume
for motorised passenger transport increases in this
scenario (calculated in the model as passenger cars,
taxis, carsharing and ridepooling) - bad news for the
mobility transition. This is primarily caused by pop-
ulation growth and the fact that there are no sig-
nificant restrictions on private cars. The increase in
traffic volume also increases CO, emissions by 1.8 %.
MOIA has only a marginal share of 0.7 % of the total
mileage.

Due to higher demand and a larger fleet, the first,
albeit small, scaling effects of ridepooling are ap-
pearing. Increased demand leads to more trips that
can be pooled, increasing the average occupancy
rate to 1.42. This is accompanied by a slight increase
in the relative diversions per customer from 25.5%
to 27.6% compared to the status quo. Due to the
higher vehicle density in the service area, the av-
erage waiting time of customers decreases slightly
to 4:12 minutes.

MPT (car, taxi,
carsharing)

MOIA

50

60

70

80 90 100

km (millions)
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Sim C

Ready to transform

Service area

Modal split *
in %

What happens if the city introduces some restric-
tions on motorised private transport? This question
serves as the starting point for this scenario. Ham-
burg implements some speed limits and reduces the
number of available parking spaces. This increases
the volume of vehicles searching for a parking space,
the arrival and departure times to and from a park-
ing space become longer and the overall travel time
in the car increases ® - an incentive for many car
users to leave their vehicles at home and use alter-
native means of transport instead.

The MOIA service is being adapted to these
changed conditions and thus increases the availabil-
ity of ridepooling services. Up to 1,200 vehicles are
now available, the service area is extended to 350

Fleet

22.8 25.7 15.4 26.6 8.9

square kilometres and now also includes Wilhelms-
burg and Bergedorf, destinations south of the Elbe
and in the more rural east of the city. This - and
the aforementioned push measures - results in
a significant growth in demand. Around 220,000
journeys are made by around 140,000 users within
one week - compared to just under 44,000 jour-
neys and around 28,000 customers per week in
the status quo. MOIA achieves a share of 0.5% of
the modal split, which is about four times the cur-
rent level.

The larger service area makes it possible to
cover greater distances with MOIA, which increases
the average trip length from 6.9 km in the status
quo to 8.6 km in this scenario.

4

Hamburg’s internal
traffic, broken down
by the following
means of transport:
car (driver), public
transport, bicycle,
on foot and other -
including taxi,
sharing and car
passengers.

5

Car travel times

for journeys within
Hamburg increase
by 25%, with a
minimum duration
of 5 and a maximum
of 16 minutes.
Excursions outside
Hamburg are
delayed by 2.5t0 7.5
minutes.



Fig: Number of
passengers in MOIA
vehicles during

the day (average
Saturday in the
simulation for Sim C)

Accumulated number of vehicles

1,000

600

200

Results

MOIA accounts for just under 3% of the total mileage in this
scenario (car, taxi, carsharing and MOIA). Because the ride-
pooling fleet is 100 % emission-free for local journeys, the
provider also makes a significant contribution to reducing
pollutant emissions.

-1,094 .

less CO, per week

-1,100

beech trees
(life span of 80 years)

The increase in service and demand also has an ef-
fect on efficiency. The average occupancy rate con-
tinues to grow; it is now at 1.67. This is mainly reflect-
ed by an increasing share of trips with high vehicle
occupancy (more than two people) compared to the
status quo (see figure). Despite the increased size of
the service area, the proportion of empty journeys
does not rise.

The push measures in the area of MPT as well
as the supply improvements for alternative means of
transport are now also having a positive impact on
traffic volumes: the share of public transport grows
by 1.8 percentage points, that of cycling by 0.9 per-
centage points and the car loses 2.4 percentage
points. The total traffic volume drops significantly by
about 3.5 million km per week.

Number of
passengers

o s
.
M M-
B

4a.m. 8a.m.

12a.m. 4p.m. 8 p.m.

Time of day
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Sim D

Launching automation

Service area

Modal split ¢
in %

We are moving further and further into the future.
In this scenario, the MOIA service is now operated
exclusively via a fleet of autonomous vehicles. As a
result, ridepooling can be offered at a much lower
price - around half of the current price. Because
driving, rest and break times are no longer required,
and round trips to the depots can be reduced, the
vehicle fleet is available around the clock.
Automation also enables MOIA to scale up sig-
nificantly. The service is provided with a fleet size
of 2,500 vehicles in a service area measuring 350
square kilometres. The number of journeys made in
the course of the week increases to about 580,000
by around 340,000 different passengers. This cor-
responds to an increase of 55% compared to the

Fleet

24.3 245 14.7 25.7 9.4

previous scenario and almost an eightfold increase
compared to the status quo. The increasing popu-
larity of MOIA and the noticeably lower fares not only
have an effect on the number of customers overall,
but also on their frequency of use. Aimost half of
passengers book MOIA at least twice a week - an
indication that ridepooling is becoming increasingly
integrated into the users’ everyday mobility habits.
The increased demand has a clear effect on the
modal split; MOIA’s share increases to 1.4%. At the
same time, public transport also grows by 0.7 per-
centage points. However, in this scenario, unlike in
the previous one, no further transport policy meas-
ures were taken apart from the closure of Hamburg’s
Jungfernstieg in the city centre to car traffic. There-

6

Hamburg’s internal
traffic, broken down
by the following
means of transport:
car (driver), public
transport, bicycle,
on foot and other -
including taxi,
sharing and car
passengers.



Results

Public transport and MOIA - an excellent combination:

5\

MOIA'is also used as a
means of transport
especially when public
transport cannot offer a
good service.

+ g
=

Ridepooling improves

access to public transport

in general - and is partly
used as a means of trans-

port on intermodal routes.

Fig: Frequency
of use by MOIA
customers over the
course of the week

73%

Users without a
booking in the
simulated week

9

c(E
The ‘tour effect”: MOIA
is almost always used for
only one leg of a tour, e.g.
on the way home from
an evening event. For the
other leg of this tour - in
this example the outward
journey - a different means
of transport is used; in
almost all cases this is
public transport. MOIA thus
contributes to an overall
increase in the number of
users of public transport.

fore, the slight increase in public transport usage (by
0.6 %) also reveals a frequently expressed fear with
regard to ridepooling to be unfounded: There is no
“cannibalisation” of public transport by MOIA, i.e. a
mass migration of users from public transport to the
new mobility service. Rather, the results show that
use of the two forms of transport goes hand in hand.
What also fails to materialise in the scenario due

to the lack of push measures, however, is a genu-
ine “mobility transition”. The proportion of journeys
taken by car remains constant at around 24 % of all
journeys in Hamburg. The total mileage covered by
cars, taxis, carsharing and MOIA vehicles also in-
creases - by about 2 million km compared to Sim B.
The service achieves a mean occupancy rate of
1.62. This is accompanied by an average diversion of
35 % for customers. The large fleet with continuous
availability allows an average waiting time of 4:46
minutes, while the average trip distance increases
slightly to 9 km based on the same service area as in

the previous scenario.

100 %
17 %
min. 3 journeys
80%
60%
40%
20%
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Sim E

Shaping transformation

Service area

Modal split ’
in %

In the final scenario, in addition to the automation
of the MOIA ridepooling fleet, a significant change
in the transport policy framework conditions is sim-
ulated. Compared to the “Ready to transform” sce-
nario, a further expansion of speed limits in the city
as well as an additional increase in parking pressure
result in a further increase in journey times for pri-
vate cars. This simulated future also foresees an
increase in the cost of passenger cars, e.g. due to
increased fuel costs and taxes. ® Because these
measures make the car as a means of transport no-
ticeably less attractive to users, an additional reduc-
tion in the number of cars in the Hanseatic City of
Hamburg by 20 % is assumed - this corresponds to
approx. 150,000 vehicles.

Fleet

+4.8

17.4 28.7 16.2 27.7 7.

MOIA, in turn, is greatly expanding its autonomous
service: ridepooling is now available in the entire
urban area (700 square kilometres) and the fleet is
at full strength with 5000 vehicles. The effect on

demand compared to the status quo is enormous.

The share of ridepooling in the modal split grows to
almost 3%. 1.2 million journeys are made with MOIA
during the course of the week and the increase to
an average age of 47 for the approximately 640,000
weekly customers illustrates the service’s broad use
among Hamburg's population.

At the same time, the share of public transport
rises to almost 29 %, that of cycling to more than 16 %
and that of walking to about 28 %. The car has lost
a significant 8 percentage points and now accounts

7

Hamburg’s internal
traffic, broken down
by the following
means of transport:
car (driver), public
transport, bicycle,
on foot and other -
including taxi,
sharing and car
passengers.

Increase car travel
times for all jour-
neys by 50 %, with
a minimum of 10
minutes and a
maximum of 30
minutes. The costs
per kilometre for
MPT increase by
30%.



Fig: People who
exclusively use cars

Results

Overall, the characteristics of MOIA users show that
ridepooling continues to diffuse across the population:

The average age of users
increases significantly
from 41 in the status quo. %

While in the status quo
84 % of users are still in
employment, this propor-

2 5 tion has already fallen to
64% in Sim E.
%

The proportion of users

of retirement age is also

increasing - one in four

MOIA customers is older
than 60.

for only 17 % of the total. This also reduces the total
mileage by 15 million km - and because MOIA with
its autonomous, battery-electric fleet now accounts
for a 13% share of MPT mileage, around four and a
half thousand metric tons of CO, can be saved. The
fact that the car is clearly becoming less attractive
is also reflected in the decline in people who use
it exclusively: only 5% of the population now relies
100 % on a private car during the week - a reduction
of about 50 % compared to the status quo.

The scaling potential of ridepooling in this sce-
nario is also evident in terms of operational efficien-
cy. The occupancy rate increases to 1.83 and the
proportion of empty journeys is further reduced
thanks to the large fleet - despite the fact that the
service area now covers the whole of Hamburg. In
the real world, this proportion would probably be
even lower because, in contrast to the simulation,
additional information on historical journeys would
be available and therefore better predictions would
be possible. Due to the high number of vehicles, an
average waiting time of only 4:40 minutes can be
achieved. The average diversion factor increases by
almost 7%, while the average journey distance with
MOIA increases to about 10 km - the latter is mainly
a result of the large service area.
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Conclusion

MOIA ridepooling complements public transport and offers an
attractive alternative to the private car

When the accompanying research began in June
2019, ridepooling was still in its infancy in Germany -
and MOIA had only started operating in Hamburg
two months earlier, in April 2019. The four-year op-
erating licence under the so-called ‘experimenta-
tion clause’ of the PBefG also included an evaluation
of the MOIA service. Based on this formal require-
ment, the ‘Accompanying Research’ project was set
up as the first evidence-based long-term study on
the implications of ridepooling. New transport solu-
tions are technical, but above all also social innova-
tions; they always have an effect at the level of an
entire system and must be researched in terms of
their multi-layered impact on transport, the envi-
ronment and the spatial structure. However, holistic
findings on ridepooling are still rare - against this
background the accompanying research remains
unique at present.

The accompanying research for MOIA reveals
the potential of this nascent service on the basis of
traffic simulations, and thus provides important in-
formation for many stakeholders in the mobility sec-
tor, including those far beyond Hamburg's city limits.
It should also help to de-emotionalise the debate on
ridepooling and put it on a scientific footing.

During the study, it was possible for the first time
to empirically record the influence of ridepooling on
people’s mobility behaviour and to determine the
routes for which the new mobility service is used. At
the same time, the empirical data provides the basis
for comprehensively modelling the transport system

The results of the accompany-

ing research for MOIA clearly
show, using Hamburg as an
example, how the joint com-
mitment of mobility providers
and cities can relieve traffic
congestion.

and traffic behaviour in Hamburg. Through simula-
tions, complex interrelationships concerning trans-
port supply and demand are presented and under-
stood, especially with regard to the introduction of a
new service such as MOIA and future changes to the
urban transport system.

One of the key findings has been shown by both
the empirical studies and the simulations - ride-
pooling is an ideal complement to public transport
and provides a good alternative service in areas and
at times when the latter is inadequate. In parallel and
in addition, cities also need transport services that
people perceive as being equally attractive and flex-
ible as their own car. People in Hamburg become
less dependent on the private car to cover their mo-
bility needs when they occasionally use MOIA. How-
ever, the backbone of urban mobility is and remains
traditional public transport. For journeys with high
time pressure, the taxi is still the means of transport
of choice. The initial concerns that MOIA would can-
nibalise public transport and taxis in particular have
not materialised.

Shared trips could reduce the total traffic mile-
age in the city. This is in stark contrast to unshared
ride-hailing services, which usually burden the
transport system with additional empty kilometres.
This positive effect could be further enhanced if the
ridepooling service is further expanded and scaling
effects can be leveraged in this way. This has been
proven by modelling various future scenarios and
has confirmed the existing findings in the literature.

The scenarios have also shown that the use of
ridepooling strongly depends on the framework
conditions in the city and that transport-policy
measures are necessary for a sustainable, city-wide
transport system. Such push measures can be jus-
tified in particular and will presumably meet with
broader public acceptance if attractive alternatives
to the private car have already been created before-
hand, which cause people’s perceived dependence
on the car to decrease. With regard to the mobility
transition, this means that services such as ridepool-
ing should already be provided today in order to of-
fer alternatives, but also to allow time for these al-
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This The journey Ready to Launching Shaping
is today continues transform automation transformation
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15% 15%

. On foot Bycicle . Public transport MOIA

Fig: Comparison
of the modal split
for inland traffic in
Hamburg across all
scenarios

ternatives to become part of commonly established
mobility routines. Since people’s mobility habits only
change slowly, an acclimatisation period is neces-
sary for new mobility services.

The results of the accompanying research for
MOIA clearly show, using Hamburg as an example,
how the joint commitment of mobility providers
and cities can relieve traffic congestion. The area-
wide expansion of demand-oriented and at the
same time eco-friendly mobility services in addition

o 15%
15% 16%

0.1 %f

9%

\—‘

1% 6%

Sharing/Taxi MPT (passenger) . MPT (driver)

to a strong public transport system is a mammoth
task that public and private actors can only achieve
together. The first cities and municipalities, such
as the city of Hamburg, are using ridepooling as a
building block to achieve their urban and transport
planning goals, making it clear that a modern, sus-
tainable mobility system also requires changes in the
area of services - not least because people’s mobil-
ity requirements are also changing.
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