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ABSTRACT

Ride Parcel Pooling (RPP) is the integrated transportation of passengers and parcels. It
builds on what's known as on-demand ride-pooling, which dynamically assigns customer
trips to fleet vehicles in real time, sharing their rides, and thus aiming to save on driving
distances and fleet size compared to on-demand ride-hailing services. In the case of RPP,
a additional parcel demand is introduced that is less sensitive to longer travel and waiting
times and is less negatively affected by changing vehicles. In this case, parcels are served
with a lower priority than passengers and simply ride along with appropriate passenger trips.
This makes it possible to achieve a more efficient use of vehicle capacity and further reduce
the total distance traveled for passenger and logistics mobility. This research is divided into
a conceptual and scenario definition part to define the proposed service and develop
possible operational scenarios, a theoretical simulation-based approach to quantify the
potential of the proposed RPP service, and a practical field test to investigate its real-world
applicability. Agent-based RPP simulations show that the integration of logistics services
into a ride-pooling service is possible and can exploit unused system capacity without
degrading passenger service. Depending on the assignment strategies, parcels can be
served up to a parcel-to-passenger demand ratio of 1:10, while total fleet kilometers can be
reduced compared to the status quo, as the additional mileage for logistics service can be
fully integrated. In the base scenario of the simulation, approximately 50,000 passengers
and 5,000 parcels are transported by a fleet of 600 cars or 1,200 rickshaws. The RPP field
test included a mobile phone web app and five bicycle rickshaws offering the RPP service
in the Maxvorstadt district in Munich, Germany. Each rickshaw had two passenger seats
and additional space for parcels. The service was available daily between 11:00 and 19:00
for one week and was completely free for users. The field test showed that the RPP service
is ready to operate today and provided interesting insights into the real-world operational
parameters for such a service.

1. INTRODUCTION

In 2022, Earth Overshoot Day, which marks the day of the year when humanity has
exhausted nature's budget for the year, already fell on July 28 [1]. The transportation sector
emitted 7.7 Gt of COz2, a significant share of 37% of global CO2 emissions in 2021 [2]. At the
same time, the demand for transport in our cities is growing rapidly in many places, as is the
number of vehicles on urban roads. This trend in urban passenger transport is accompanied
by phenomena such as longer travel times, high space consumption, increased local
pollution and climate-impacting emissions. In addition to passenger transport, freight
transport in cities is also growing steadily and, according to a modelling by the European
Commission, is responsible for around 40% of total CO2 emissions from the transport sector
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[3]. In Germany, an average of 15 million shipments were sent to 9 million recipients every
day in 2022, an increase of 11.2% over the previous year [4]. It is therefore time to
fundamentally rethink all sectors that are primarily responsible for CO2 emissions. This is
especially true for the transportation sector, which is a major contributor to global warming.
These developments call for new mobility solutions with flexible and affordable vehicle types
that can provide an easy and more importantly a sustainable transportation. Sometimes
looking back in history is just as rewarding as introducing new solutions. As early as 1610,
the first recorded stagecoach traveled between Edinburgh and Leith, carrying passengers
as well as small parcels [5]. At that time, the problem was not overcrowded roads, but the
availability of vehicles. The solution was to make a virtue of necessity and create the best
possible use of the resources at hand, the result being integrated passenger and freight
transport. It is the same approach that can guide us today in the fight against climate change,
but also in ensuring the efficient flow of traffic in our cities.

The remainder of this paper is structured as follows: First, it reviews the state of the art in
integrated passenger and freight transportation, followed by a methodology section. In the
following chapters it presents the results for the different parts of the project and finally
discusses the findings of this paper.

2. STATE OF THE ART

Existing approaches to combining passenger and freight transportation are either practical,
real-world experiments aimed at investigating the operational feasibility of integration or are
of a scientific nature and focus on exploiting unused capacity. In addition, there are some
innovative concept studies for integrated passenger and freight transport [6-9] and
historically grown systems in operation, such as the auto rickshaw services in South Asia or
the Turkish "Dolmus" [10]. However, they usually lack efficient dispatching, routing, and
pooling of the vehicle fleet. A distinction can be made between integration into line-based
and free-floating transport modes, see Figure 1. The difference is that line-based
transportation can only stop at certain stations to pick up and drop off passengers or freight,
while free-floating systems can operate door-to-door. In this classification, bus services are
counted as line-based, even though they naturally use the road infrastructure. Free-floating
systems include all types of transportation network companies, taxis, and private vehicles
that can stop anywhere on the road network and operate door-to-door.
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Figure 1 — Line-based and free-floating modes for integration of passenger and freight transportation.
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Line-based transportation systems can be beneficial for transporting freight from the
outskirts of a city to the city center, acting as a feeder system to the station network, from
where the freight can be distributed by a subsystem or stored in parcel lockers. Free-floating
systems, on the other hand, can operate door-to-door without transferring the freight to
another system, but they typically offer less free capacity for additional freight transport.

2.1. REAL-WORLD TEST BEDS

In the following, this paper addresses the state of the art for real-world testing. As shown in
Figure 1, we distinguish between line-based and free-floating systems, although there are
of course hybrid systems that combine both approaches.

Line-based Systems:

As mentioned earlier, feeder systems play an important role in line-based integration testing.
These either bring freight from out-of-town depots into the city center, where the goods are
then finely distributed, or collect freight in the city and bring it out of the city center. Such
systems have been tested, for example, in Dresden to supply an automobile plant [11], in
Zurich to collect electronic or bulky waste [12], or in Paris as a delivery tram for a fashion
house [13]. In addition, there are crowd-sourced approaches where passengers pick up
shipments on their way on public transport [14-16]. Another concept is the centrally
organized, line-based, integrated transport of courier, express and parcel (CEP) shipments
on public transport [15, 17-19], where a CEP company and the public transport operator
usually cooperate. Finally, line-based integration of passenger and freight flows exists not
only in urban contexts, but also in rural areas [20, 21].

Road-based Systems:

Road-based, free-floating solutions are rare compared to line-based approaches, as a true
integration of the two transportation flows requires complex assignment solutions to exploit
existing passenger routes without compromising too much on the passenger comfort, i.e.,
waiting and travel times. To the best of the authors' knowledge, this has not yet been tested
in the real world, perhaps due to the lack of a legal basis [22]. The only existing approaches
focus on transporting either passengers or freight with the same vehicle fleet [23] and fail to
take advantage of existing passenger trips for additional freight transport.

2.2. SCIENTIFIC RESEARCH PAPERS

Existing research on the integration of passenger and freight transportation is mainly found
in operations research [24]. The focus is on the allocation, routing, and efficient use of
vehicle fleets [25]. Again, a distinction is made between line-based and free-floating
systems. There is research that focuses on the strategic, tactical, and operational levels of
integrating line-based passenger and freight transportation.

Line-based Systems

Line-based systems are primarily found in public transportation. In terms of vehicles, line-
based transportation systems are either trains (e.g., metro or light rail), buses, or boats
traveling on waterways. Some of the studies focus on the economic aspects, while others
highlight the potential environmental benefits. In addition to the different modes of
transportation, the research papers also differ in the level of integration. While some
consider mixed passenger and parcel operations [26—33], others focus only on shared
infrastructure (e.g., rail) without sharing the vehicle (e.g., train) [34, 35]. These still operate
independently of each other, so it is not possible to speak of integrated transport in the strict
sense. They also differ in the logistics service provided, which can be scheduled [27-35] or

[3] XXVIIt" World Road Congress



immediate [26, 33]. In terms of system optimization, line-based transportation systems can
be classified as static (i.e., information is known a priori) [28, 32, 33, 35] or dynamic (i.e.,
information is known over time and the system needs to be re-optimized) [26, 27, 29, 31,
34].

Free-floating Systems

Free-floating systems are mainly found in the private or semi-private transport sector and
can be divided into crowd-sourced solutions [36—39] and demand responsive transportation
services [40-45]. In the case of crowdsourced solutions, a distinction can be made between
integration approaches that consider a hired fleet of vehicles [36—39] and occasional drivers
[36, 38, 39], recruited through an online platform. For demand-responsive transportation
services, one can distinguish between ride-haling (i.e., one request/customer per trip) [38,
40, 41] and ride-pooling (i.e. multiple requests/customers share a vehicle on their trip) [42,
44-47] can be made. Furthermore, the research papers consider immediate [36-41, 43, 44]
and scheduled [42, 45] logistics services and can be divided into static and dynamic models.

From the literature review presented, it can be seen that research on combined passenger
and freight transportation in urban areas is diverse. However, the line-based approaches
have the major disadvantage that they are not suitable for direct door-to-door delivery, which
is still the most popular form of delivery in most European countries [48] and require
additional personal for loading and unloading. The free-floating integration approaches only
provide a sustainable benefit if most of the existing passenger trips are used and therefore
only minimal additional vehicle kilometers are induced. Therefore, scheduled logistics
services are to be preferred, as they offer a longer time horizon for optimization than
immediate deliveries. These two assumptions open the research gap for the RPP idea
introduced in [42] and [45] and are also the basis for the comprehensive RPP research
project presented in the following.

3. METHODOLOGY

Service Definition

l

Scenario
Development

|
v v

Potential Customer Modelling of RPP in
Survey FleetPy Simulator

| |
v

Simulation Result
Evaluation

!

Real-World Customer Feedback
Field Test & Result Evaluation

Figure 2 — Methodological research flowchart.
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The methodology of this research paper consists of RPP service and scenario definition,
followed by a potential customer survey and RPP modeling using the agent-based fleet
simulation framework "FleetPy" [49]. In the next step, the obtained simulation results are
evaluated, and a real-world field test is conducted. The feedback from the field test is then
used in a feedback loop to calibrate the simulation, see Figure 2. In the next sections this
paper presents the results obtained from all mentioned steps and puts them into the context
of the project.

4. RESULTS

The results of this paper are structured according to the steps of the project methodology
presented in Section 3 and include the RPP service- and scenario-definition, the simulation
results from modeling RPP, and the real-world test of the service.

4.1. SERVICE AND SCENARIO DEFINITION

To define the RPP service and set up the simulation scenarios, this research used a
stakeholder analysis and examined trends in urban transportation systems, including
passenger and freight transportation, through expert interviews and workshops. It was found
that an RPP service could fill unused capacity in a traditional ridesharing service and thus
contribute to a reduction in driven distance compared to a traditional delivery service.

To verify the initial assumptions for the service definition and to gain further insight into how
customers of a potential RPP service would value and use the transportation solution, a
customer survey was conducted as part of the project [50]. The questionnaire was structured
into a socio-demographic and socio-economic part, followed by attitudes and parameters
towards a potential RPP service, and finally the acceptance of RPP scenarios and the
rickshaw as a potential RPP vehicle. The survey showed that the respondents were very
positive about the idea of RPP and found the presented service scenarios beneficial.
Moreover, the results showed that the potential increase in travel time due to the additional
logistics service will be critical for customer satisfaction. One solution could be financial
compensation for inconvenience, which, according to the survey, often changes the extent
of detours accepted. Respondents were also asked for their opinion on a rickshaw as a
possible vehicle for the RPP service. The results for this question are shown in Table 1.

Table 1 — Advantages and disadvantages of a rickshaw as RPP vehicle [50].

Rickshaw Pros Rickshaw Cons
e Environmentally friendly (lower CO2 o Effort of the driver (smell, discomfort,
footprint, emissions, noise). pity, etc.).
e Solves space problem in cities and e Confined space (especially when
more flexible (size) during rush hours. pooling), limited pooling capacity.
e Great means of transportation for short | ¢ Low speed, only suitable for short trips.
distances. e Unfamiliar, one feels observed, safety
e Large luggage compartment. concerns (accidents, luggage, parcels).
e Alleviate crowded streets. ¢ Insufficient weather protection.
¢ Riding experience in urban space, fresh
air/ see more.

Subsequently, an impact analysis was set up to quickly evaluate the consequences a RPP
service could have on the existing stakeholders, processes, and systems. On this basis
three different simulation scenarios were set up, representing different levels of integration,
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as shown in Figure 3. While the Status Quo scenario represents separated transportation of
passengers and parcels, Moderate RPP Integration assumes that parcels can only be
picked-up or dropped-off when no passenger is on-board, however they can travel together.
Full RPP Integration allows parcels to be picked up or dropped off also while passengers
are traveling.
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Figure 3 — Ride-parcel-pooling scenarios (status quo, moderate, and full RPP integration).

Finally, the RPP concept has been enriched with potential service extensions, including the
use of vehicles as Mobile Parcel Lockers that can be placed at the center of a number of
delivery request locations during off-peak passenger hours; Parcel Hopping, a term used to
describe that parcels are allowed to change vehicles, making more efficient use of unused
vehicle capacity; and In-vehicle Delivery, a service that delivers a parcel to its recipient
directly in the vehicle during a reserved passenger trip.

4.2. MODELLING AND SIMULATION

To model the RPP service and investigate its potential, the fleet simulation framework for
mobility on-demand services “FleetPy” was extended to represent additional parcel
transportation to a conventional ride-pooling service. A detailed description of the simulation
environment for the RPP service can be found in [45]. For a case study in Munich, Germany,
the agent-based simulation reveals that the integration of logistics services into a ride-
pooling service is possible and can exploit unused system capacities without deteriorating
passenger transportation. The results suggest that parcels can be served until a parcel to
passenger demand ratio of 1:10 while the overall fleet kilometers can be deceased
compared to the status quo. For this paper the simulation was repeated using rickshaws
instead of the conventional passenger cars of the latter paper. This means that passenger
capacity decreases from four to two and parcel capacity is also halved, resulting in four
average-sized parcels per rickshaw. The fleet size was therefore doubled, resulting in a fleet
of 1,200 rickshaws (600 cars). In addition, the traveling speed was reduced to an average
of 15 km/h, which is not varied by time, as the rickshaws are allowed to use dedicated bike
lanes and therefore avoid congested road traffic. For parcel assignment the Combined
Decoupled Parcel Assignment (CDPA) algorithm, introduced in [45], and the Full RPP
Integration Scenario were chosen, as this strategy results in the lowest traveled distance
and thus provides the most sustainable version of RPP. This strategy inserts parcel pick-up
and drop-off into a vehicle schedule if the resulting detour does not exceed a certain
threshold. The CDPA threshold parameter was set to 1t = 0.8, which describes a maximum
detour of 20% for the additional transportation of parcels compared to the pure passenger
trip.
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Influence of RPP on Operator Performance Indicators

To quantify the impact of the additional transportation of parcels on the performance
indicators of a ride-pooling service, the number of parcels and customers served, the total
distance traveled, and the distance traveled per customer and parcel were evaluated. Figure
4 shows the performance indicators of a ride-pooling operator under variation of parcel
demand penetration for a car and a rickshaw fleet. Both the car and the rickshaw fleet can
match the ‘Status Quo’ up to a parcel demand penetration of about 10%. This means that
the RPP fleet can transport one parcel for every ten passengers in the system without
significantly degrading passenger service or increasing the total distance traveled. Of
course, the distance traveled per parcel and passenger decreases as the penetration of
parcel demand increases, but higher parcel penetration rates result in slightly more
unserved customers and a slightly higher distance traveled for both the car and rickshaw
fleets. Looking at the plots of served MoD customers and driven distance, it can be seen
that the rickshaw fleet can handle higher parcel penetration rates better than the car fleet
and results in a lower total driven distance due to the lower number of transported parcels
and the higher number of vehicles.

Influence of RPP on Customer Performance Indicators

The impact of the additional parcel transport on the customer of a ride-sharing service is
measured by the increase in waiting and travel time. The simulation results show that for a
rickshaw fleet, the average increase in waiting and travel time is about 1%. For a car fleet,
the difference is even smaller, ranging from an average increase of 0.1% to 0.5% in travel
and waiting times compared to a pure ride-pooling service.

Overall, the simulations show that the additional transport of parcels by a ride-pooling
service does not lead to a noticeable deterioration of operator or customer performance
indicators. However, the integration of RPP allows to transport significant volumes of parcels
by exploiting unused system capacity. It also shows that a city-wide ride-pooling service
could be provided by a fleet of rickshaws and does not necessarily require large and faster
vehicles. Although it remains to be considered that the double number of drivers and the
comparatively higher travel times could have a negative influence in real-world operations.
In the future, however, at least the driver issue and thus the main cost factor of such systems
could be solved by automating such rickshaw systems [51]. The lower speeds compared to
passenger cars could also lead to an earlier and easier market introduction.
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Figure 4 — Simulation results for RPP vehicle fleets of 600 passenger cars and 1,200 rickshaws.

4.3.

REAL-WORLD TEST

During the week of Monday, August 22, 2022, to Friday, August 26, 2022, a real-world test
for the RPP service was conducted, offering free passenger rides and parcel transport from
10:00 to 19:00. The real-world test of the RPP project consisted of a web application and a
fleet of five test vehicles (rickshaws).
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RPP Web-Application

The RPP web application consists of a ReactJS frontend for customers, drivers, and
administrators that connects to a backend via REST API and is displayed on a website. The
Java-based backend infrastructure is the interface between the frontend and the fleet-control
infrastructure. It is built for data distribution and storage via MariaDB and provides the
representational state transfer for the API connection. The Python-based fleet-control
(FleetPy), as the third main part of the web application, provides the assignment and routing
algorithms and gives feedback to the customers on their requests. Figure 5 provides a
schematic overview of the web application infrastructure described above.

Fleet-Control Backend Frontend
f_% r A \
P a NN

—_— » R
K — +— ‘mm’
1% ry

v LI
FleetPy MariaDB Server Web-App

Figure 5 — Schematic overview of the RPP web application infrastructure.

RPP Test Vehicles

The RPP test vehicles are prototypes developed as part of the research project and consist
of a compartment for two passengers, a roof rack, and an optional trailer for transporting
parcels, see Figure 6. The electric rickshaw reaches a maximum speed of about 25 km/h on
a flat, windless road and travels at an average speed of about 15 km/h under normal traffic
conditions. In this context, the rickshaw benefits from the classification as a bicycle, with a
maximum electric assist speed of 25 km/h in Germany, and is thus allowed to use the bicycle
infrastructure, which results in travel time savings in congested road traffic.

Pooling

— ) Ride
' ‘Parcel

Figure 6 — RPP rickshaw (prototype for the integrated transportation of passengers and freight).
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RPP Field Test

During the real-world field test, the RPP service was offered to the public free of charge. For
five consecutive weekdays in August 2022, people could request rides and have the service
transport parcels in a predefined area of operation (see blue outlined area in Figure 10) in
the district of Maxvorstadt in the city of Munich, Germany. In addition to the free rides, in-
kind donations of broken small appliances and old clothes were also collected to create
parcel demand. Figure 7 provides a sample view of the RPP web application, where frames
(1) and (2) show the customer view, and frames (3) and (4) show the driver front-end.
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Drop-off: Leopoldstrale
Info:
Passengers: 1
Note:

My Requests

Figure 7 — RPP web-application user (1), (2) and driver (3), (4) front-end.

During the test phase, 54 people created and actively used an account, resulting in a total
of 191 valid requests, of which 87% were passenger requests and 13% were parcel
requests. The total number of trips served is significantly lower than the number of valid
requests. This is for several reasons: First, many requests were canceled by the users
themselves, most likely to test or exceed the acceptable waiting time. Second, drivers were
able to reject requests if, for example, they could not find the client. Third, technical problems
lead to some failures, especially at the beginning of the test. These included system failures
and multiple requests for the same trip. In total, 47 valid trips were recorded, 74% of which
were passenger trips, 18% parcel trips and 8% shared trips with passenger(s) and parcel(s)
on board. The lengths of the performed trips are shown in Figure 8.
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Figure 8 — Counts of requested trip lengths.

The total distances covered by each rickshaw during the five days of the field test are shown
in Figure 9. The distances vary considerably from rickshaw to rickshaw, mostly due to the
number of trips assigned to each rickshaw. Some rickshaws seem to have been better
located at existing demand hotspots than others, which may have led to a higher assignment
probability.

120 A
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80 A

60

Total Distance [km]

40

20 A

rickshaw 1 rickshaw 2 rickshaw 3 rickshaw 4 rickshaw 5

Figure 9 — Total covered distance by during the test phase by rickshaw.

Self-organized pick-ups and deliveries by drivers without a ride request via the app were
also recorded and may be outside the service area, but are clearly in the minority, see Figure
10.
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Figure 10 — Served requests and operation area for the RPP field test.

The average speed recorded was 14.1 km/h and the average boarding time was 56.7
seconds. In this study, boarding time describes the time from vehicle arrival to the start of
the trip, including vehicle parking, passenger contact, passenger boarding, and preparation
for departure. The average occupancy rate of the rickshaws, calculated based on the
number passengers per request, was 1.4 passengers. Real shared passenger trips were
not observed during the field test, however there were four passenger trips with a parcel on-
board. The low pooling rate was probably, due to the low demand, which was far from the
system capacity. All relevant values obtained during the field test are shown in Table 2.
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Table 2 — Service parameters derived from the field test.

Parameter Value
Active Unique User Accounts 54
Total Number of Requests 191
Share of Passenger Requests 87%
Share of Parcel Requests 13%
Total Number of Served Trips 47
Share of Passenger Trips 74%
Share of Parcel Trips 18%
Share of Combined Trips 8%
Average Trip Length 0,88 km
Min. Trip Length 0,12 km
Max. Trip Length 4,15 km
Average Vehicle Speed 14,1 km/h
Average Passenger Occupancy 1,4
Average Boarding Time 56,7 s

5. CONCLUSION

This paper proposes the integrated transportation of on-demand passengers and parcels in
an urban context, called Ride-Parcel-Pooling (RPP). The comprehensive research project
investigates RPP from the conceptual phase, including service and scenario definition,
through its impact analysis via an agent-based simulation, to the testing of the service in the
real-world environment in Munich, Germany.

This research has developed a working RPP service concept that shows great potential in
a city-wide simulation study comparing fleets of cars and electric rickshaws. Both fleets can
transport approximately 5,000 parcels per day, without negatively impacting operator or
customer performance.

During a five-day field trial, the RPP service was tested in the district Maxvorstadt of the city
of Munich, Germany. A web application, including all the necessary IT infrastructure, was
set up for this purpose. The field test proved that the RPP service is ready for real-world
application and that rickshaws are a valid and accepted vehicle for providing urban ride-
pooling services, even in Western European countries. Nevertheless, to evaluate long term
customer acceptance, more extensive field tests must be conducted.

In the future, vehicle automation, including automated rickshaws [51] or other pod systems,
could provide new opportunities for RPP and promote the business case for small-capacity
vehicles, as today the driver is still the main cost factor in such mobility systems, often
leading to large-capacity vehicle systems. In addition, the final parcel delivery could also be
automated. This would probably be based on systems such as the delivery robots or parcel
lockers already in use. The resulting solution for parcel delivery to the customer would pave
the way for integrating a logistics system into large-scale Mobility on Demand systems and
operating it efficiently.
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