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1. Introduction

1.1 Current State of Urban Logistics

Urban logistics is undergoing a profound
transformation as cities grapple with
increasing delivery volumes and mounting
environmental pressures. Studies suggest
that up to 33% of light goods flows in cities
could potentially be delivered by cargo bikes,
pointing to significant untapped potential for
sustainable urban logistics' 2 3 4. However,
while many companies have piloted cargo
bikes in limited contexts - often as part of
corporate sustainability initiatives or green
marketing campaigns - few have committed
to large-scale transitions in their operations.

This hesitancy to embrace broader change
is understandable. Transitioning from
conventional van-based delivery to cargo
bikes requires significant operational
restructuring, investment in new equipment,
potential changes to hub locations, and
retraining of personnel. Without concrete
evidence demonstrating both environmental
and commercial benefits, many operators
remain reluctant to undertake such
fundamental transformations of their
business models.

Previous research on urban delivery
alternatives has often relied on simplified

assumptions and theoretical models. Studies
comparing cargo bikes and vans have
typically used single statistics like average
speed or parcels delivered per hour, failing to
account for the complex interplay of factors
affecting vehicle performance across
different urban contexts. For instance, van
performance is frequently misrepresented
due to the inclusion of high-speed travel
during the 'stem distance' from depot to city,
which inflates average speed calculations.

The lack of standardisation in research
methodologies has further complicated the
assessment of different delivery options:

o Some studies focus solely on vehicle
speed, with widely varying assumptions -
from 10 km/h for cargo bikes versus 30
km/h for vans in one study, while others
have shown cargo bikes outperforming
vans in dense areas

e Many studies fail to account for crucial
factors like parking search time, which
can add up to 25 minutes per stop for
vans in congested areas® ©

" Robichet, A., Nierat, P., & Combes, F. (2022). First and last miles by cargo bikes: Ecological commitment or
economically feasible? The case of a parcel service company in Paris. Transportation Research Record.
2 Verlinghieri, E., ltova, I., Collignon, N., & Aldred, R. (2021, 08). The promise of low-carbon freight: Benefits of

cargo bikes in London. Possible.

8 Cairns, S., & Sloman, L. (2019). Potential for e-cargo bikes to reduce congestion and pollution from vans in

cities.

4 Wrighton, S., & Reiter, K. (2016). CycleLogistics — Moving Europe Forward! Transportation Research Procedia,

12, pp. 950-958.

® Holguin-Veras, J., Amaya, J., Encarnacion, T., Kyle, S., Wojtowicz, J., & Bts.gov. (2016, 06). Impacts of Freight
Parking Policies in Urban Areas: The Case of New York City. City University of New York. University

Transportation Research Center.

¢ Dalla Chiara, G., & Goodchild, A. (2020, 10). Do commercial vehicles cruise for parking? Empirical evidence

from Seattle. Transport Policy, 97, pp. 26-36.
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This variation in assumptions, attributed to
the scarcity of reliable data, has created a
significant gap in our understanding of urban
logistics operations. A recent study’ by Kale
Al analysing Urbike's operations in Brussels
(2023) demonstrated the strong potential of
cargo bikes in urban deliveries, finding they
could park within 30 meters of delivery points
and travel faster in congested conditions (16
kph vs 11 kph for vans).

However, like many previous studies, it had
to rely on simulations and theoretical
comparisons for van performance due to a
lack of direct comparative data. Without
robust real-world data comparing both
vehicle types under similar conditions,
companies struggle to make evidence-based
decisions about fleet composition and
delivery strategies.

7 Kale Al. (2023). Data-driven evaluation of cargo bike delivery performance in Brussels: Assessing operational
advantages of cargo bikes over vans in the Brussels urban centre.
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1.2 Aim of the Study

This study, designed in partnership with
the Belgian Cycle Logistics Federation, aims
to provide data-driven evidence to assess
and demonstrate the potential of cycle-
logistics for eCommerce operations, with the
goal of accelerating the transition towards
more sustainable urban delivery methods.

Our research approach encompassed
multiple dimensions to build a
comprehensive understanding of cycle
logistics operations in Belgium. We
conducted site visits to cycle logistics
operators across multiple Belgian cities,
engaging directly with operators to
understand their experiences with Light
Electric Vehicles (LEVs) and cargo bikes.
These visits were complemented by the
collection of performance data from multiple
operators to build a robust picture of cycle
logistics operations across different urban
contexts.

While we gathered data from several
operators, this report primarily focuses on
analysing KGS Group's operations. This
focus was chosen, as KGS provided a unique
opportunity to directly compare van and
cargo bike performance within the same

organisation. As the only mixed-fleet carrier
in our study, their experience offers
particularly valuable insights into the practical
challenges and benefits of operating both
vehicle types. The richness of their
operational data, particularly as it showcases
their successful transition from traditional van
operations to a mixed fleet, makes their study
especially valuable for encouraging both
policy makers and other logistics carriers to
accelerate their shift towards modern
delivery approaches.

Through this analysis, we aim to provide
concrete, data-driven evidence of cycle
logistics performance and identify the
conditions under which cargo bikes can most
effectively replace traditional van deliveries.
This evidence is crucial for policy makers
developing supportive frameworks for
sustainable urban logistics, and for giving
logistics operators the confidence to invest in
cargo bike operations. By demonstrating
both the environmental and commercial
benefits of this transition, we hope to catalyse
broader adoption of cycle logistics in urban
areas.



1.3 KGS Group Case Study Significance

ll Groundbreaking Urban Delivery Study

e Analysis of 32,547 deliveries across 345 routes reveals first-ever direct
comparison of cargo bikes and vans serving identical flows for single operator.

e Study captures KGS Group's successful van-to-cargo bike transition, providing
unprecedented insights into real-world performance across Brussels' diverse

urban landscape.

In this context, our analysis of KGS Group's
e-commerce delivery operations in Brussels
represents a breakthrough in two critical
dimensions.

First, it overcomes a fundamental limitation
of previous research: the reliance on
theoretical references, global averages (such
as INRIX/TomTom indices for urban speeds),
or data from different cities (like the Amazon
dataset in the United States or studies from
London and Paris)® when comparing van
performance.

Second, it addresses the potential
interpretation bias that comes from
comparing vans and cargo bikes from
different operators, where results could be
influenced by operator-specific factors such
as the nature of delivery flows, internal
processes, organisational structure, specifics
of local urban environment, and the level of
courier training and professionalism. This
study offers a true like-for-like analysis
comparing cargo bikes and vans delivering

equivalent flows in the same areas for the
same operator, providing a direct measure of
relative efficiency.

What makes this study particularly valuable
is that it examines a successful transition -
KGS Group started with vans, introduced
cargo bikes in 2022 after observing their
potential advantages, and has since
dramatically expanded their use based on
clear operational benefits. The results were
so striking that KGS Group completely
transformed their operations, moving from a
pilot to a comprehensive integration of cargo
bikes into their delivery fleet. This transition
was driven not just by sustainability goals,
but by compelling evidence of improved
operational efficiency and commercial
performance in dense urban areas.

The study analyses:

e 32 days of delivery data

e 345 routes

e 32,547 deliveries

e Multiple urban contexts from dense city
centre to suburban area

This comprehensive dataset allows us to move beyond theoretical comparisons to understand
the real-world performance differences between vans and cargo bikes across different urban
environments. By examining factors such as hub location impacts, stem distances, the impact of

8 Schrader, Maxwell, et al. "Urban context and delivery performance: Modelling service time for cargo bikes and
vans across diverse urban environments." arXiv preprint arXiv:2409.06730 (2024).
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urban area characteristics, vehicle type performance and the effects of route density, we can
provide concrete evidence of where and when each vehicle type performs best, helping inform
strategic decisions not only for KGS Group but for the broader e-commerce delivery sector.

1.4 Vehicle Comparison Overview

Fleet managers and logistics operators
face complex trade-offs when considering
their vehicle mix for urban deliveries. To
frame these choices, it's useful to first
understand the known strengths and
limitations of each vehicle type.

Until recently, perceived limitations of
cargo bikes and LEVs have slowed their
wider adoption in urban logistics. These
commonly cited concerns focus on their
lower carrying capacity, limited operational
range, and presumed lower efficiency
compared to vans. However, as our analysis
will demonstrate, many of these perceived
weaknesses are overstated or can be
effectively managed through proper
operational planning.

Cargo bikes and Light Electric Vehicles
(LEVs) come in various configurations®,
including two-wheeled cargo bikes, three-

wheeled variants, four-wheeled vehicles, and
models that can be equipped with trailers for
additional capacity. Despite their differences,
these vehicles share some common
characteristics: they typically have lower
carrying capacity and more limited range
compared to vans, but are minimally
impacted by traffic congestion, benefit from
easy parking, and can access dense urban
areas and zones with vehicle restrictions.

Traditional vans, in contrast, offer much
higher carrying capacity and can cover
greater distances between depot returns.
However, they face significant operational
challenges in urban environments: they are
heavily impacted by congestion, struggle
with parking in dense areas, and increasingly
face access restrictions in city centres.

® Chiara, G., Verma, R., Rula, K., & Goodchild, A. (2023). Biking the Goods How North American Cities Can
Prepare for and Promote Large-Scale Adoption of Cargo e-Bikes.
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The key operational characteristics that fleet managers must consider when comparing these

vehicles include:

Access capabilities: While vans may be
restricted from entering certain urban zones
(pedestrian areas, modal filters, one-way
streets), cargo bikes and LEVs often have
greater flexibility in route choice and can
access these restricted areas. This can be
particularly valuable in historic city centres or
areas with traffic calming measures.

Loading capacity: Vans offer significantly
higher carrying capacity per trip, allowing
them to serve more customers before
returning to the depot. However, this
advantage must be weighed against potential
difficulties in accessing dense urban areas
and finding suitable parking. LEVs and cargo
bikes, while more limited in capacity, often
compensate through greater operational
efficiency in congested areas.

Operational range: The distance vehicles
can cover between returns to the depot
impacts the overall logistics network design.
Vans can operate effectively from peripheral
depots, while cargo bikes and LEVs typically
require strategically placed urban micro-hubs
to optimize their operations.

Infrastructure requirements: Different
vehicle types have varying infrastructure
needs for parking, charging, and
maintenance. While vans require standard
loading bays and parking spaces, cargo
bikes and LEVs can often use more flexible
parking solutions and may need secure
overnight storage and charging facilities.

Understanding these characteristics is essential for optimising fleet composition and
deployment strategies. Through our analysis of KGS Group's successful transition, we will
demonstrate how many perceived limitations of cargo bikes can be overcome, and how their
operational advantages can significantly outweigh their constraints in urban environments.
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2. Methodology & Data Sources
2.1 Data Collection

To ensure robust analysis of urban delivery performance, we used three primary data
sources. First, we collected data from GPS trackers installed on four cargo bikes in the KGS
fleet. Second, we accessed the Delivery Management System (DMS) data for all vehicles, which
included data about task status, sequence information and delivery attempts. Third, we used
PDA tracker data, which provided delivery timestamps and low-resolution GPS data at intervals
of 3-5 minutes.
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Example day of delivery routes

Figure 1 The map shows an example day, with 10 different delivery routes, 4 executed by cargo-bikes
and 6 by vans. The colour of each zone shows the efficiency of the route in terms of deliveries per hour.

The data collection covered:

e 32 days of delivery data

e 345 routes

e 32,547 deliveries

e Multiple urban contexts from dense city centre to suburban areas
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Below we show the GPS traces of the cargo-bikes, overlayed over the month of September,
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Figure 2 Map showing the GPS traces of KGS cargo-bikes over the month of September. The patterns
show a very fine gridding over specific areas, highlighting high levels of delivery density.
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2.2 Route Reconstruction

oAl Route Reconstruction Methodology

Routes were mapped using two methods: 1) GPS tracker data matched to delivery
management system stops, and 2) Google Maps routing between PDA points. This dual
approach enabled analysis of both driving and service times across different urban
contexts.

We used two methods to reconstruct delivery routes. For vehicles equipped with GPS
trackers, we matched the GPS data to the DMS data. This involved analysing where stops
happened during a GPS trace, and designing a matching algorithm to connect the GPS stops to
each delivery on a delivery route.
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Figure 3 Map showing the matched GPS trace for a day of deliveries, and the matched stops. The size of
the green circles shows the relative time spent at the stop. This route is in the neighbourhood called
"Matonge", a particularly difficult area for deliveries, due to high parking constraints and high levels of
congestion.

For vehicles without GPS data, we used Google Maps to trace routes between PDA points. In
this case, we applied car directions for distances over 300m and walking directions for distances
under 300m to avoid unrealistic detours where a driver would be more likely to walk.

To study delivery routes, we separate each leg into driving time and service time. This allows
us to both compute statistics at the route level, while also understanding the patterns at a more
fine-grained level. See Appendix 8.2, for details on how service times were computed across
routes. See also Appendix 8.3 to explain our service time metrics, focusing on time per delivery
and not per stop.
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2.3 Geospatial Analysis Framework

In our study, we use the Uber Hexagonal Hierarchical Spatial Index (H3) to analyse vehicle
performance across different urban contexts. Instead of relying on predefined boundaries, the
H3 system divides the world into consistent hexagonal cells. This method offers a standardised
approach, akin to overlaying a grid on a map.

S
o

Brussel”

Bruxelles-
Central
< Brussel-
Centraal

Figure 4 An example of an H3 grid overlayed on delivery areas.

2.3.1 Dividing Brussels into urban areas

To study service times, we divide Brussels in different areas. To do this, we follow the
methodology of Schrader et al. (2024) also described in a previous data-driven study conducted
with Urbike in Brussels (Kale Al, 2023).

In short, we use OpenStreetMap tags (e.g. number of buildings, type of road, points of
interest, tourism etc) present in each hexagon, as well as the population density, enriching our
hexagonal segmentation with fine-grained details of infrastructure and land use.

This allows us to model how built environment factors like density and road patterns influence
delivery productivity. In contrast to coarse administrative units, our approach provides a flexible
yet standardised framework to study how local urban contexts relate to vehicle performance.

We compress this information into small vectors (embeddings) that describe the urban micro-
region (i.e. one specific hexagon). These micro-region vectors are then clustered by similarity,
to define four different types of urban areas for Brussels. The complexity of urban space means
that this is not an exact science, but it helps us broadly segment the city. This allows us to
understand how urban context affects the performance of vans and cargo bikes. Using this
methodology, the map below divides Brussels into four distinct urban area types. We describe
them as follows: 1) Core area (or urban centre), 2) Urban area, 3) Dense suburban, 4) less
dense suburban.

A_ 14
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? Brussels Urban Classification Framework

Using OpenStreetMap data and population density, Brussels is segmented into four

distinct zones through vector embedding and clustering: 1) Core, 2) Urban, 3) Dense
Suburban, and 4) Less Dense Suburban. This classification, based on Schrader et al.
(2024), enables analysis of how urban context impacts delivery vehicle performance.

Figure 5 The map divides Brussels into four distinct urban area types. We describe them as follows: 1)
Core area (or urban centre), 2) Urban area, 3) Dense suburban, 4) Less dense suburban.

15



2.4 Performance Metrics

To compare van and cargo bike performance, we established several key metrics:
Delivery Efficiency:

e Deliveries per hour
e Distance travelled per delivery
e Service time per delivery

Route Characteristics:

¢ Route density (deliveries per km)
e Total route duration
e Proportion of time spent on service time

Urban Context Impact:
e Performance variation by urban zone type

These metrics were designed to capture both the operational efficiency of different vehicle
types and how their performance varies across different urban contexts. In general, in this report
we focus mostly on the service time of vehicles. We do this for two reasons. First, while we had
GPS trackers installed on cargo bikes. We did not have GPS trackers installed on vans so are
not able to study the vehicle speed to compare the vehicle performances. We are able to
estimate the service times for vans from the PDA geo-location data (which provides location
updates much less frequently than GPS) and from the TMS data. Second, service time is a
much more significant portion of a day of deliveries, making up 60% of a driver’s day (and more
if excluding the time commuting to and from the hub). This is broken down in Appendix 8.1.



3. Efficiency Analysis: Cargo Bikes vs. Vans

3.1 Overall Performance Metrics

Delivery Rates and Efficiency

LIl Cargo Bikes Outperform Vans in Urban Deliveries

Analysis of 345 delivery routes reveals cargo bikes achieve 28% higher hourly delivery
rates than vans (18.85 vs 14.77 deliveries/hour median). While vans rarely exceed 25
deliveries/hour, cargo bikes can reach 30+, demonstrating superior urban delivery
efficiency despite higher variability.

The data visualisation presents overview statistics of the delivery rounds conducted by cargo-
bikes (n=153) and vans (n=192) across three key metrics: Number of Deliveries per Route,
Deliveries per Hour, and Deliveries per Km.

Comparison of Cargo-bike and Van Delivery Metrics

Number of Deliveries Deliveries per Hour Deliveries per Km

35

30

75

Num Deliveries
Deliveries Per Km

PR
Median: 14.77

100

25

00
Cargo-bike Van Cargo-bike Van Cargo-bike Van
Vehicle Type Vehicle Type Vehicle Type

Figure 6 Summary statistics of the routes studied in the dataset.

Each dot represents a route executed either by a cargo-bike or a van. We compare the number of
deliveries per route for each vehicle type in the dataset, the number of deliveries per hour and the
density (i.e. deliveries per km) to highlight the differences between cargo-bike and van routes.

In terms of efficiency, cargo bikes demonstrate a clear advantage, though with high variance.

The median deliveries per hour for cargo bikes (18.85) is significantly higher than that of vans
(14.77). Notably, cargo bikes rarely drop below 12 deliveries per hour and can achieve much
higher efficiency levels, with some instances exceeding 30 deliveries per hour. Vans show a
lower efficiency range, sometimes dropping to between 5 and 10 deliveries per hour, and never
exceeding 25.

A_ 17



Number of Deliveries per Route

The distribution of deliveries per round
shows distinct patterns for cargo bikes and
vans. Cargo bikes exhibit a bi-modal
distribution, with one cluster between 50-80
deliveries and another between 100-150
deliveries per round. This suggests two
different usage patterns, possibly reflecting

variations in route types or delivery densities.

Although not too frequent, KGS also pointed
out that the cargo-bikes are sometimes
reloaded dynamically by a van and thus
execute “double rounds”. Vans show a more
concentrated distribution, typically handling
between 50 and 110 deliveries per round.

Route Density Patterns

The most striking difference appears in the
route density metric. Cargo bike routes show
a wide distribution, ranging from 2 to 10
deliveries per km, with a median of 4.27. In
contrast, van routes are tightly clustered
between 1 and 4 deliveries per km, with a
median of 2.04. This substantial difference in
route density highlights how these vehicle
types are used with distinct operational roles.
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3.2 Urban Zone Performance

Delivery Performances in the City Centre: Cargo-bikes vs Vans

f} One cargo-bike consistently performs the work of one to
two vans in urban centres.

Only looking at the service time performance:

e City centre average: 30% faster (saving 1h30 per 100 deliveries)
e Most challenging areas: 75% faster (2.4 vs 4.2 minutes, saving 3 hours per 100
deliveries)

e Worst-case scenarios: Nearly 3x faster (5.8 vs 14.5 minutes per delivery)

The cargo-bike advantage is amplified further when considering faster travel speeds
from not getting stuck in congestion, and shorter routes thanks to superior access
across the city centre.

Here we look at how long delivery vehicles (vans and cargo bikes) typically spend making
stops in different parts of the city. The city is divided into four zones, with Core Area being the
busy city centre and Less Dense Suburban area being the outskirts. We study this in the figure
below (Figure 7) across the different urban zone (one graph per zone).

The most striking finding is in the Core Area, where cargo bikes (green) can complete most
deliveries much faster than vans (blue) - typically in about 2 minutes versus 3 minutes for vans.
This advantage of cargo bikes becomes less pronounced as you move away from the city
centre, with both vehicles showing more similar delivery times in outer zones. This suggests
cargo bikes are particularly efficient in congested urban areas where vans might struggle with
parking and navigation.

Service Time Distribution by Vehicle Type and Zone

Core Area Urban Area Dense Suburban Less Dense Suburban

100 100 100 100
(Cargo-bike: 6146, Van: 3212) (Cargo-bike: 9506, Van: 7901) (Cargo-bike: 1197, Van: 750) (Cargo-bike: 1179, Van: 2653)

= Cargo-bike mmm Cargobike = Cargo-bike

mm Cargo-bike
80 m— Van 80 m— \an 80 B Van

a0 . Van

Percentage of Stops (%)

0 0 0
1-3min  3-5min  510min 10+ min 1-3 min 3-5min  510min 10+ min 1-3min  3-5min 5-10min 10+ min 1-3 min 3-5min  5-10min 10+ min

Service Time Service Time Service Time Service Time

Note: Majorily of service fimes are under 3 minutes across all zones

Figure 7 This figure compares the distribution of service times for vans and cargo bikes according to the
urban zone in which they occurred. X-axis groups the service time spent at each stop in minutes, and Y-
axis shows the % of stops that fall into the service time group. As expected, we find the starkest
difference in the Core Area.
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In dense urban centres, the performance gap between vehicles is most pronounced. Cargo

bikes demonstrate remarkable advantages:

e Average service times 50 seconds less per delivery than vans
e For around of 100 deliveries, this amounts to almost 1h 30mins less per round
e For afleet of just 4 vehicles, this basically amounts to needing one vehicle less per day

In urban logistics, while many deliveries happen efficiently without issues, a few deliveries go
very wrong and become big time sinks. Because of this, having an idea of "how often do bad
things happen?" and "how bad do things get?" are important markers. To measure this, we look
at the 95th percentile service time (P95) - the time threshold that 95% of deliveries fall under,

with only the worst 5% taking longer.

In dense urban areas, when things go wrong, they go much more wrong for vans. In the worst
5% of cases, van deliveries can take up to 10.5 minutes, while cargo-bikes rarely exceed 6.5

minutes even in difficult situations.

Looking at the five most challenging areas of the city (each hexagon covering approximately

0.7 km?), the contrast becomes stark.
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Figure 8 Map showing the 5 areas with the highest average difference in service time between vans and

cargo-bikes.

While cargo-bikes maintain reasonable
average service times of 2.4 minutes in these
difficult zones, vans struggle with averages of
4.2 minutes - nearly twice as long (and a 3-
hour difference per vehicle per day for 100
deliveries). The P95 times reveal an even
bigger gap: in these challenging areas, van
P95 times reach 14.5 minutes, while cargo-

~

bike P95 times stay at just 5.8 minutes - a
difference of 8.7 minutes per problematic
delivery.

These areas demonstrate how van
deliveries can become extraordinarily time-
consuming in challenging urban
environments, while cargo-bikes maintain
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relatively consistent performance even under destinations and are often able enter
difficult conditions. pedestrian zones where vans are restricted.
They can also take more direct routes
through city centres, using contraflow lanes,
shortcuts through parks, and avoiding one-
way street systems that force vans to take
longer routes. When you factor in these
travel time advantages on top of the service
time savings we've measured, the real-

What makes these findings even more
compelling is that we have only focused on
studying service time - the time spent at each
delivery point. Cargo-bikes enjoy several
additional advantages over vans in dense
urban areas.

Thgy can maintain higher.a\./erage §peeds world efficiency gain of cargo-bikes over
by using bike lanes and avoiding traffic vans in urban areas is likely even higher than
congestion that regularly slows vans to a what our service time data suggests.

crawl. They have superior access to their

Service Time Variations Across the City

;| Spatial Performance Analysis

Cargo-bikes show remarkable consistency across the city:

e Maintain stable service times in all urban contexts
o Even worst-case deliveries stay under 8 minutes
e Superior reliability enables precise route planning

Vans struggle with urban density:

e Service times spike in central areas
e Outlier deliveries stretch to 12-15 minutes
e Performance highly dependent on location

Result: Cargo-bikes enable predictable schedules and efficient fleet management,
particularly crucial in dense urban areas.

To better understand how these performance differences manifest across the urban
landscape, we mapped service times across different micro-regions of the city. The spatial
analysis reveals a clear pattern: van service times are significantly impacted by urban context,
with central areas showing markedly longer service times. Cargo bikes, in contrast, maintain
more consistent service times across different urban zones

This spatial pattern is particularly pronounced in Brussels' city centre, where the difference in
performance between the two vehicle types is most stark.
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Figure 9 Average service times for cargo-bikes Figure 10 Average service times for vans by
by urban micro-region urban micro-region

However, the most compelling advantage of cargo bikes emerges when examining delivery
reliability. While average service times tell part of the story, the "worst case" scenarios -

represented by the 95th percentile of service times - reveal an even more significant contrast:

e For vans, outlier deliveries in many central areas can take 12-15 minutes
e For cargo bikes, even the worst deliveries rarely exceed 8 minutes
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Figure 11 Outlier service times (95th percentile) Figure 12 Outlier service times (95th percentile)
for cargo-bikes by urban micro-region for vans by urban micro-region

This stark difference in reliability translates into more predictable delivery schedules, easier
route planning, better customer service, and more efficient fleet utilisation. The combination of
faster average performance and lower variability makes cargo bikes particularly advantageous
for dense urban logistics operations.
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Impact of Urban Density

@ Cargo bikes consistently outperform vans in high-density
scenarios.

Cargo bikes consistently outperform vans in high-density scenarios.

In dense areas (0.1-0.2km between drops), cargo bikes reach around 25
deliveries per hour, while vans are notably absent from these high-density
routes

Lower density: Roles reverse, with vans taking over beyond 0.3km between
drops

Key insight: Match vehicle to urban area and delivery density for optimal performance
particularly crucial in dense urban areas.

The relationship between route density and delivery efficiency provides valuable insights into
KGS Group's vehicle deployment strategy in Brussels. The visualisation demonstrates how
vehicle performance varies across different delivery densities (while excluding stem distance
and stem duration) to focus on the core delivery operations.

Deliveries per Hour

0.1 0.15 0.2 0.25 0.3 0.35 0.4

Density (km per delivery)

Figure 13 The figure shows the relationship between delivery density of a route (km per delivery) and the
performance of a vehicle (deliveries per hour) for vans and cargo bikes. Each dot represents a route
according to how dense it is, and how efficiently it was realised.

Intuitively, the closer deliveries are to each other, the more efficient one can be. However,
denser delivery areas are associated with denser urban zones, and the reality of urban space
means it can be more constraining for vehicles to find parking, easier to get stuck in congestion,
and restricted access. This can lead to a lot of walking and worse performances.

A
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Density Threshold and Vehicle
Performance

A striking pattern emerges in the data:
KGS's cargo bikes consistently outperform
vans in high-density scenarios, where the
distance between deliveries is shorter. The
efficiency gap between the two vehicle types
widens as density increases (moving left on
the graph, toward shorter distances between
deliveries):

e At 0.4 km per delivery, KGS vans achieve
approximately 15 deliveries per hour

e At 0.1 km per delivery, their cargo bikes
reach around 25 deliveries per hour,
while vans are notably absent from these
high-density routes

Operational Specialisation

The data reveals how KGS has naturally
specialised its vehicle deployment across
Brussels:

1. High-Density Zones (0.1-0.2 km per
delivery):

e Dominated by cargo bikes

e Performance peaks at 22-25 deliveries
per hour

e Shows stable performance with tight
confidence bounds

2. Medium-Density Zones (0.2-0.3 km per
delivery):

e Both vehicle types operate in this
range

e Cargo bikes maintain a consistent
efficiency advantage

e Represents a transition zone where
KGS uses both vehicle types

3. Lower-Density Zones (>0.3 km per
delivery):

e Primarily served by vans

o Efficiency gradually decreases with
distance

e Wider confidence bounds suggest
more variable performance

Complementary Roles

The absence of van data points in high-
density zones (below 0.2 km per delivery) is
particularly telling. This shows that KGS has
made the strategic decision to shift away
from van usage in these areas, having
experienced their diminishing efficiency. The
data supports KGS's operational model
where:

e Cargo bikes are preferentially deployed in
dense urban cores like Ixelles and
Etterbeek

e Vans are used in less dense areas where
their higher speed and capacity become
advantages

¢ A transition zone exists where both
vehicles can operate effectively, allowing
for flexible fleet management

This analysis reinforces our earlier analysis
about urban zone impacts on service times
and suggests that KGS's optimal fleet
composition should continue to be guided by
the density characteristics of delivery areas
rather than attempting to use a single vehicle
type across all contexts.
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3.3 Key Findings

Our analysis reveals that cargo bikes and
vans serve complementary roles in urban
logistics. The data clearly shows that cargo
bikes excel in dense urban environments,
where their agility and parking advantages
allow them to operate at a much higher
efficiency than vans. As KGS dispatchers
have reported, a single cargo bike can
effectively replace almost two vans in the
busiest urban areas, namely on the densest
routes where KGS has stopped using vans
altogether.

However, this is not a case of one vehicle
type being universally superior. As density
decreases and distances between deliveries

increase, vans become increasingly efficient.

Their larger capacity and ability to cover
longer distances make them the optimal
choice for suburban areas.

The economic implications of these
findings are significant. When deployed in
appropriate urban contexts, cargo bikes can
substantially reduce operational costs
through:

e Reduced time spent searching for
parking

e Faster delivery completion rates

e Lower vehicle acquisition and
maintenance costs

e Reduced need for total fleet size in
dense areas

This evidence suggests that logistics
operators should consider a mixed fleet
approach, strategically deploying each
vehicle type where it performs best. The key
is matching the right tool to the right job -
cargo bikes for dense urban cores, and vans
for suburban and lower-density areas.
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4. Performance Robustness Analysis
4.1 Geographical Conditions

Geographic Performance Analysis

e Cargo bikes maintain high efficiency (20-25 deliveries/hour) across most service
areas, with slight dips to 15-18/hour in southern regions.

e Vans show stark contrasts: 12-15 deliveries/hour in dense central areas (Ixelles,
Saint-Gilles), improving to 18-20/hour in periphery.

Data excludes stem time, focusing purely on operational efficiency.

In this section we look at the performance of vehicles according to their geographic location.
We do this by plotting a heat-map where each hexagon aggregates the historical performance
of vehicles and shows the average delivery per hour. We exclude the stem time in this analysis,
to only focus on the "operational" efficiency of vehicles, without considering the distance to the
hub as a performance factor.

The heat maps visualise the performance across Brussels for both cargo bikes (Figure 14)
and vans (Figure 15), revealing distinct patterns in vehicle performance across different urban
zones. Our spatial analysis demonstrates how both urban context and delivery density
significantly influence vehicle performance, with their relative importance varying between
vehicle types.
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Figure 14 Cargo-bike performance: Heat-map
showing the operational efficiency (delivery/hour)
of cargo-bikes across different areas, not
including the stem distance

Operational Cargo Bike Performance

The cargo bike heat map shows
consistently high performance (green
hexagons) across their operational area. This
shows that cargo bikes maintain steady
delivery rates of 20-25 deliveries per hour
across most of their service area, with only
slight variations in the southern regions
(yellow hexagons) where delivery rates drop
to around 15-18 deliveries per hour, and
nearest to the pentagon. The high delivery
efficiency in the North is particularly
noteworthy - while this area has lower
population density than the city centre, it
maintains high performance due to the fact
KGS has high levels of parcel delivery
density in that area (see Appendix 8.4,
showing the delivery density of the different
areas). This demonstrates how operational
efficiency is more closely tied to the density
of deliveries than to general urban density for
cargo bikes.
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Figure 15 Van performance: Heat-map showing
the operational efficiency (delivery/hour) of vans
across different areas, not including the stem
distance

Operational Van Performance

The van heat map reveals a more varied
performance pattern, with efficiency again
being explained both by the urban area and
the delivery density patterns. The central and
southern areas, particularly around Ixelles
and Saint-Gilles, areas that are known for
their narrow streets, one-way streets, and
lots of traffic, show significantly lower
efficiency (orange-red hexagons) with
delivery rates dropping to 12-15 deliveries
per hour, despite high delivery density.
Performance improves in the more
peripheral areas (yellow-green hexagons),
where vans achieve 18-20 deliveries per
hour. This pattern suggests that while
delivery density is crucial for efficiency, its
benefits for vans are often offset by urban
constraints in dense areas.
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4.2 Hub Proximity Effects

% Hub Distance Impact

Efficiency drops with distance from hub, but vehicle types react differently:

Cargo-bikes show gradual decline the further they are from the hub. Vans face steeper
penalties as they suffer from a double impact: stem distances through the centre +

urban density challenges.

Key insight: Strategic micro-hub placement could significantly boost urban delivery
efficiency and expand the coverage of cargo bike operations.

While the previous analysis excluded stem time to focus on operational efficiency,
understanding the impact of hub location is crucial for real-world operations.
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Figure 16 Heat-map showing the operational
efficiency (delivery/hour) of cargo-bikes across
different areas, including the stem distance
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Figure 17 Heat-map showing the operational
efficiency (delivery/hour) of vans across different
areas, including the stem distance

When including stem time, the data reveals how depot location affects overall route

performance.
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Cargo Bike Stem Van Performance

Distance Impact Under Stem Constraints
A clear efficiency gradient emerges Vans show even more dramatic efficiency

radiating from the hub: losses when stem time is included:

e Areas close to the hub (green hexagons) e Central areas of Ixelles and Saint-Gilles
achieve 20-25 deliveries per hour drop to 12 deliveries per hour or less

e Mid-range zones (yellow hexagons) e Previously efficient peripheral areas show
average 15-20 deliveries per hour reduced performance

e More distant areas (orange hexagons) e The efficiency penalty appears more
drop to 12-15 deliveries per hour severe for vans than cargo bikes

Vans show an even more dramatic deterioration when stem distance is considered. Central
areas that were already challenging show notably poor performance (12 deliveries per hour or
less), and even previously efficient peripheral areas demonstrate reduced performance when
stem distance is included. This efficiency penalty appears more severe for vans than for cargo
bikes, partly because their base operational efficiency was already lower in urban areas.

This analysis demonstrates how hub positioning can significantly impact operational
efficiency, suggesting the potential value of strategically placed micro-hubs to optimise
performance.



4.3 Cross-City Performance Analysis

Bruxelles

Urban Resilience: Speed Data Across Cities

Analysis of GPS traces from 6 operators across Brussels, Ghent, Liege, and Antwerp
reveals cargo bikes maintain remarkably consistent speeds across urban zones, unlike
vans. While supportive infrastructure boosts performance (Ghent: 20-22 km/h vs.
Brussels: 17-19 km/h), cargo bikes prove effective even in cities with limited cycling
infrastructure—demonstrating their resilience in diverse urban environments.

Liege operations showed surprising similarity to Brussels with speeds of approximately
18-20 km/h, despite less developed cycling infrastructure. This may be attributed to
more compact operational territories, lower cargo loads, or favourable delivery time
slots. Antwerp recorded lower average speeds (16-18 km/h), which warrants further
investigation in consultation with operators.
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To further investigate the robustness of cargo bike performance across different urban
contexts, we analysed GPS traces from 6 operators across four Belgian cities: Brussels, Ghent,
Liége, and Antwerp. Our analysis aimed to test the hypothesis that cargo bikes maintain
consistent performance across varying urban environments, unlike vans which show significant
performance degradation in dense urban areas.

Methodology

ys

Collected GPS traces from cargo bike operators across multiple cities
Applied the same urban zone classification methodology used in our Brussels analysis

Two operators (Cargo Velo and Urbike) provided data from multiple cities, enabling direct
city-to-city comparisons
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e We analysed moving speeds while excluding stopping time to focus on pure mobility
performance

Key Findings
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e Ghent showed the highest performance, with cargo bikes maintaining average moving
speeds of 20-22 km/h across all urban zones

e Brussels operators achieved average moving speeds of 17-19 km/h

e Most importantly, within each city, cargo bikes showed remarkable consistency across
different urban zones, with minimal variation between dense city centres and less dense
areas

The superior performance in Ghent likely reflects the city's comprehensive sustainable
mobility policy, which has successfully:

e Reduced motorized traffic
e Developed high-quality cycling infrastructure
¢ Implemented traffic-calmed zones and restricted access areas

The similar performance levels between Brussels and Liege, despite their different cycling
infrastructure development stages, suggests that cargo bikes can maintain efficient operations
even in cities with less developed cycling infrastructure. This finding reinforces our hypothesis
about the resilience of cargo bike performance across different urban contexts.

This cross-city analysis provides strong evidence that cargo bikes can maintain consistent
performance regardless of urban density - a crucial advantage over vans, which we found to be
significantly impacted by urban context in our Brussels analysis. The data suggests that while
supportive infrastructure can enhance cargo bike performance (as seen in Ghent), these
vehicles can operate effectively even in cities with varying levels of cycling support.
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4.4 Temporal Conditions

Cargo Bikes Excel in Peak Urban Hours

In central Brussels, cargo bikes maintain consistent 2-3 minute delivery times
throughout the day. Vans show significant deterioration: service times double from 3 to
6 minutes during peak hours (14:00-18:00), with high variability. Performance gap
narrows in less dense zones, where both vehicle types maintain stable service times.

This section examines how delivery service times vary throughout the day, comparing the
performance of cargo bikes and vans across different time periods.

Service time analysis reveals distinct patterns across different urban zones, with the most
pronounced effects observed in Core Area (central Brussels). In Core Area, cargo bikes
demonstrate remarkable consistency, maintaining service times between 2-3 minutes per
delivery throughout the day with relatively stable variance. In contrast, van performance shows
both deteriorating averages and increasing unpredictability during peak hours.

Service Time Distribution Throughout the Day by Urban Zone

Core Area Urban Area

Vehicle Type Vehicle Type
Cargo-bike (n=6,138) Cargo-bike (n=9,497)
§  Van (n=3,207) §  Van (n=7,883)

Average Service Time (minutes)
Average Service Time (minutes)
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Van service times increase from approximately 3 minutes per delivery at 14:00 to nearly 6
minutes by 18:00, with the variance in service times growing substantially during these peak
hours. This means that not only do deliveries take longer on average, but they also become
significantly less predictable, making route planning, and scheduling more challenging.

Outside Core Area both vehicle types show more consistent service times throughout the day:

e Urban Area exhibits slight afternoon increases but much less pronounced than Core Area
e Dense Suburban and Less Dense Suburban areas maintain relatively stable service times

for both vehicle types
e The performance gap between vans and cargo bikes is notably smaller outside of Core

Area
This temporal analysis reinforces our earlier findings about the challenges vans face in dense
urban environments, particularly during peak hours. The stability of cargo bike service times
across all time periods suggests they are less susceptible to temporal factors that typically affect
van deliveries, such as rush hour traffic and competition for parking spaces.
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5. Broader Applications

The study of KGS GROUP data has enabled us to demonstrate that cargo bikes stand out
from vans in last-mile delivery operations because of their flexibility (particularly when it comes
to parking at the destination), their speed of movement in dense areas, and their robustness in
the face of urban constraints. These qualities make them a particularly effective solution for the
distribution of e-commerce parcels, since this is a flow traditionally made up of small parcels that
can offer (very) high delivery density. But it is also a relevant solution for other types of logistics
flows, such as B2B parcel deliveries and shuttle services.

5.1 B2C Parcel Deliveries

B2C deliveries (Business-to-Customer) represent the delivery of parcels to private individuals.
This is one of the segments where cycle logistics has already demonstrated its potential, as
shown by the results obtained by KGS GROUP.

The characteristics of B2C deliveries

e High volumes of small to medium-sized parcels.

High concentration of deliveries in dense residential areas.
e The need to minimise stopping and parking times.
e The need to deal with sometimes strict time slots.

Requirements for efficient B2C delivery by cargo bike

¢ Available loading volume: the cargo bikes must have sufficient capacity to group
together several parcels per round, generally 30 to 60 parcels for standard e-
commerce flows (i.e. small parcels), but which may be limited to 10 to 20 parcels for
certain specific e-commerce flows (e.g. food parcels).

e Hub location: the departure point for the bicycles must be located close to the delivery
areas to optimise rounds. A radius of 5 to 6 km is generally the ideal limit.

e Respecting time slots: cargo bikes must be able to make deliveries during the time
slots expected by private customers, often in the morning or evening. For B2C
deliveries with a high quality of service (e.g. catering, flowers, food products), strict
time slots, or even predefined delivery sequences, may be imposed on the carriers.

e Delivery rate: cargo bikes must be able to maintain a steady pace (around 15 to 20
deliveries per hour in dense areas for standard e-commerce, 5 to 10 deliveries per
hour for e-commerce with a higher quality of service).

Key advantages of the cargo bike

e Speed in high-density neighbourhoods

e Ability to circulate and park easily in narrow streets
¢ Reduced environmental pollution

e Greater reliability in meeting time constraints.
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@Use case: B2C delivery of food parcels

A Belgian e-commerce platform is offering to deliver boxed meals and organic and
local food in Belgium. In Liege and Brussels, a number of delivery rounds are being
carried out by cargo bike by local operators, during the evening rush hours (late
afternoon and evening), within a radius of 5 to 6 km of the city centre.

Cargo bikes are particularly effective for delivering to dense residential and mixed-
use areas, where traffic constraints and accessibility difficulties are greatest.

Because they are only slightly affected by traffic conditions or parking constraints
at their destination, cargo bikes can guarantee a high and stable delivery rate,
whatever the day or time of delivery. This reliability makes it easier to plan routes
and resources (e.g. assigning several consecutive routes to delivery drivers) and
guarantees greater compliance with commitments - particularly time slots.
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5.2 B2B Parcel Deliveries

B2B (Business-to-Business) flows cover the delivery of goods between companies, whether
supplying shops, restaurants or offices, or distributing specialised products. As a result, B2B
parcel flows can involve a wide variety of goods: products intended for sale, equipment or
technical products useful to the business, supplies, raw materials (e.g. food products), press,

etc.

The characteristics of B2B deliveries

Varied volumes, generally larger than for B2C deliveries, of medium-sized parcels.
Planned deliveries that often follow regular cycles (daily, weekly), but sometimes
supplemented by urgent needs that require greater responsiveness.

The need to respect strict time constraints linked to the opening hours of companies or
businesses, or requirements imposed by certain recipients (e.g. restaurants, retail
outlets).

Specific destinations, mainly in commercial, industrial or semi-residential areas, and
more stringent access requirements (premises, reception, platforms, supplier access).
Expected quality of service, particularly in terms of reliable delivery times and the
professionalism of delivery staff.

Requirements for efficient B2B delivery by cargo bike

Specificity of goods: cargo bikes must be equipped with appropriate compartments,
for example refrigerated for fresh produce.

Hub location: proximity to an urban warehouse is crucial in limiting the number of
kilometres covered before the first delivery, especially when the parcels are large, and
this has an impact on the total number of parcels delivered per round.

Frequency of deliveries: cycle logistics is particularly relevant for frequent but small-
volume flows that require a high level of responsiveness. For scheduled deliveries,
operators will have to guarantee interoperability with the clients' systems to enable
efficient and transparent management of flows.

Timetable management: cycle logistics operators must be able to meet strict delivery
deadlines (early morning or late afternoon deliveries, before or after retail opening
hours).

Key advantages of the cargo bike

Predictability of lead times and regularity of performance

Ability to meet the needs of businesses for appropriate volumes

Availability of appropriate technical solutions for the transport of specific goods (e.g.
temperature-controlled products)

Optimisation of deliveries in areas with significant parking constraints

Ability to make low-volume but high-frequency deliveries, thereby optimising local
commercial relations
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@Use case: B2B delivery of office supplies

An office supplies distributor is using cargo bike deliveries to deliver to businesses
located in the city centres of Brussels, Ghent, Antwerp and Leuven. These are
medium-sized parcels. The parcels are pre-sorted by the distributor in its regional
warehouse, so that larger parcels (e.g. > 30 kg) and destinations (e.g. > 10 parcels
or 100 kg) are not assigned to the cargo bikes.

After passing through the cycle logistics operator's warehouse, where they are
received and sorted by route (sometimes consolidated with parcels from different
flows in order to increase the density and efficiency of the routes), the parcels are
delivered by cargo bike to the areas of the city centre where traffic, accessibility or
parking constraints are greatest. Thanks to their great agility, cargo bikes can
guarantee very competitive delivery rates compared with vans, and can make
relatively frequent rounds, which compensates for a smaller load volume (up to 250
kg for some models).
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5.3 Shuttle Service

Shuttle services involve transporting goods or documents between two fixed points, for
example the transfer of parcels between a city depot and a relay point, or the routing of
products between two establishments in the same organisation (clinics and medical analysis
laboratories, hotels, sites in the same organisation, production workshops and shops or
restaurants, etc.).

The main characteristics of shuttles

Regular and predictable volumes, which reduces the complexity of planning.

Goods of various kinds, which can sometimes require fairly heavy handling and
transport (e.g. medical samples, medicines, meals).

Fixed, regular routes, often over short or medium distances (typical radius: 5-10 km),
ideal for urban areas.

Rotations take place at regular intervals, which requires a high degree of punctuality,
and the time between two rotations can be short to ensure the fluidity of the activity
(e.g. 2 trips per hour).

Requirements for a successful cargo bike shuttle service

Suitable routes: distances must remain within a radius of 5 to 10 km, avoiding areas
that are too remote, so that cargo bikes remain competitive.

Load capacity and specific constraints: cargo bikes must be able to carry bulky or
repeated loads, such as several bags of laundry, or goods with high transport
constraints (e.g. temperature control). On the other hand, since the nature of the flows
is homogeneous and predictable, all that's needed is to validate the right equipment or
configuration of equipment to ensure that the shuttles operate under the best possible
transport conditions.

Speed and regularity: the shuttles must be organised in such a way as to maintain a
high frequency without compromising punctuality, which is a major advantage of cargo
bikes. With their high average speeds (20-22 km/h in Ghent and 17-19 km/h in Brussels
and Liége), cargo bikes offer a fast and reliable solution for regular journeys in complex
urban environments.

Access conditions: cargo bikes can take direct routes without being slowed down by
traffic, which makes them very attractive for shuttles where the predictability of
collection and/or delivery times is essential.

Key advantages of the cargo bike

Lower operating costs than vans for fixed routes
Efficiency on repetitive routes

High flexibility for variable volumes

Adaptability to urban density

Highly predictable collection and delivery times
Reduced emissions in pollution-sensitive city centres
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@Use case: Transferring medical samples between

hospitals

A hospital network has to organise transfers of medical samples between its
various sites on a daily basis. The samples have to be collected at fixed times from
various locations in the city, then delivered to different sites within strict delivery
windows. To facilitate the organisation of such a flow, shuttles have been defined
based on the collection and delivery times determined for each destination. Each

day, a cargo bike makes 2 shuttles.

The speed of movement of the cargo bike in urban areas, combined with its great
reliability, means that the hospital network is guaranteed a highly punctual,
operationally efficient service that helps to reduce CO2 emissions in the city centre.
To transport the samples, refrigerated containers are used to ensure that they are
kept at the correct temperature, and are loaded into a secure box at the front of the

cargo bike.
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5.4 Conclusion

The performance of cargo bikes demonstrates their compatibility with a wide variety of
logistics flows. Their speed, robustness and flexibility make them an effective alternative or
complement to motorised vehicles, whether for deliveries to private customers (B2C), inter-
company supplies (B2B) or repetitive shuttle services.

e B2C deliveries: Perfect for areas with a high volume of orders or requiring fast,
detailed coverage of residential areas.

o B2B deliveries: Suitable when punctuality, flexibility, and the ability to handle medium
to large volumes are critical.

e Shuttles: Ideal for regular, homogeneous flows between fixed points, requiring a
sustained but predictable pace.

These advantages make cycle logistics an ideal solution for today's urban challenges, such as
reducing emissions and optimising logistics chains in urban environments.
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6. Environmental and Social Impact

%9 Urban Impact: Beyond Operational Benefits

75% of Brussels' population lives in zones where cargo-bikes excel operationally.

Switching to cargo-bikes here means:

e 98% lower CO2 emissions than diesel vans
e Dramatic noise reduction in dense areas
e Less congestion and better space utilization

e Enhanced road safety with lower-speed vehicles

A targeted transition in just 12% of the city's area (the city centre) would impact over

326,000 residents' daily lives.

The impact of transitioning to cargo-bikes and Light Electric Vehicles in urban environments
extends far beyond operational efficiency. Using High Resolution Population Density Maps (Meta
& Columbia University, 2022), our analysis of Brussels reveals a compelling opportunity: while
the city centre comprises only 11.9% of the total area, it houses 25.7% of the population
(326,000 people). When including the wider dense urban area, 74.8% of the population (950,000
people) lives in zones optimal for cargo-bike operations. This concentration means that targeted
transitions in dense urban areas can achieve disproportionate positive impacts on residents'

daily lives.

6.1 Environmental Impact

The environmental advantages of cargo-
bikes manifest across multiple dimensions.
Lifecycle assessment of Urbike's operations
in Brussels, covering both vehicle-cycle and
well-to-wheel emissions, demonstrates that
cargo-bikes emit just 0.0079 kgCO2e/km,
compared to 0.3207 kgCO2e/km for diesel
vans and 0.1561 kgCO2e/km for electric
vans - representing reductions of 98% and
96%, respectively®.

These dramatic emissions reductions are
amplified by the complete elimination of
noise pollution, a particularly significant
benefit in Brussels' historic core where

narrow streets and dense building patterns
typically amplify traffic noise.

The true environmental impact becomes
even clearer when considering hidden
ecological costs. Traditional delivery vehicles
impose substantial environmental burdens
throughout their lifecycle, and these impacts
are especially acute in dense urban areas
where pollutants become trapped, and noise
reverberates between buildings. When all
environmental externalities are accounted
for, traditional van deliveries impose several
times more ecological burden than cargo-
bike alternatives.

0 Kale Al. (2023). Data-driven evaluation of cargo bike delivery performance in Brussels: Assessing operational
advantages of cargo bikes over vans in the Brussels urban centre.
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6.2 Urban Space and Mobility

The spatial and mobility advantages of
cargo-bikes are particularly pronounced in
dense urban environments. While a standard
van requires approximately 12 square meters
of parking space, cargo-bikes need
significantly less area and can access zones
restricted to motor vehicles. This space
efficiency proves invaluable in Brussels' core
zones, where competition for street space is
intense, and vehicle access is often
restricted.

6.3 Safety and Infrastructure

Safety data reveals a stark contrast
between delivery modes. In London, vans
and HGVs were involved in 32% of fatal
collisions between 2015 and 2017. Cargo-
bikes, with their lower operating speeds
(maximum 25 km/h) and better
manoeuvrability, present significantly lower
safety risks. The social costs of traditional
deliveries extend beyond accidents to
include road maintenance burden due to
vehicle weight, congestion due to size, and
health impacts on drivers from prolonged
sedentary behaviour and pollution exposure.

However, realizing the full potential of
cargo-bikes requires appropriate
infrastructure investment. This includes
protected bike lanes, secure parking
facilities, and strategic consolidation hubs.
Such investments become particularly

Beyond static space utilization, cargo-bikes
demonstrate superior mobility in congested
conditions. Analysis of operational data
shows that cargo-bikes maintain consistent
delivery performance across various urban
contexts by utilizing bike lanes and
alternative paths. In Brussels' core zones,
where narrow streets and high activity
density create significant congestion, cargo-
bikes maintain steady performance while van
delivery times can more than double during
peak periods.

compelling when considering that a relatively
modest geographical transition (12% of city
area) can benefit over a quarter of the
population in dense urban cores.

The comprehensive impact analysis
demonstrates that cargo-bikes offer
advantages that extend far beyond
immediate operational benefits. When all
environmental, spatial, and social factors are
considered, they represent a transformative
opportunity for urban logistics, particularly in
dense city centres where their benefits are
amplified. The concentration of population in
areas most suitable for cargo-bike operations
suggests that targeted transitions could
achieve rapid and significant positive impacts
on urban life quality and environmental
sustainability.
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7. Conclusions and Recommendations

7.1 Key Insights Summary

Our analysis examines KGS Group's
delivery operations in Brussels two years
after their successful integration of cargo
bikes into their fleet. This established
operation provided an ideal study
environment, as the company had already
optimized their vehicle deployment based on
extensive operational experience.

The distinct routing patterns that emerged
- with cargo bikes and vans serving different
areas based on their comparative
advantages - offered a unique opportunity to
analyse vehicle performance while also
revealing how operators have discovered
and refined optimal use cases for each
vehicle type.

The study focused primarily on service
times and delivery efficiency, as these
metrics proved most critical for urban
delivery performance. Service time - the
duration spent at delivery points - is
particularly significant, accounting for
approximately 60% of a delivery day, and
even more when excluding stem journeys to
and from the hub. While our data did not
allow for comprehensive analysis of route
characteristics or moving speeds, the rich
service time data provided valuable insights
into real-world performance differences
between vehicles.

Our analysis validates significant
performance advantages for cargo bikes,
particularly in dense urban environments,
while also highlighting the complementary
roles these vehicles can play in an optimized
delivery network. The most striking finding is
their superior delivery efficiency, achieving a
median of 18.85 deliveries per hour
compared to 14.77 for vans. While cargo

~

bikes demonstrated greater variability in their
performance range (from 12 to over 30
deliveries per hour), their potential peak
efficiency substantially exceeded vans, which
rarely surpassed 25 deliveries per hour.

This advantage was particularly evident in
route density, where cargo bikes operated
effectively at much higher densities (2-10
deliveries per km, median 4.27) compared to
vans (1-4 deliveries per km, median 2.04).
The performance differential was most
pronounced in central Brussels, where cargo
bikes averaged 30% faster service time per
delivery than vans, amounting to
approximately 1.5 hours saved per 100-
delivery route. Notably, cargo bikes
maintained consistent performance across
dense urban areas, even in locations where
van performance deteriorated significantly.

In the five most challenging areas of the
city (each hexagon covering approximately
0.7 km?), the contrast was the strongest -
cargo bikes maintained reasonable average
service times of 2.4 minutes while vans
struggled with averages of 4.2 minutes,
representing a 75% difference in service
time. This efficiency gap was most evident in
outlier cases, with 95th percentile service
times for cargo bikes peaking at 5.8 minutes
in these challenging areas, while vans could
take up to 14.5 minutes, i.e. 2.5x longer, and
a difference of 8.7 minutes per problematic
delivery.

This demonstrates how van deliveries can
become extraordinarily time-consuming in
challenging urban environments, while cargo
bikes maintain relatively consistent
performance even under difficult conditions.
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The resilience of cargo-bikes across urban
conditions was confirmed when studying
deliveries during peak hours in the centre.
Here, van delivery times doubled from 3 to
nearly 6 minutes per delivery between 14:00-
18:00, while cargo bikes maintained
consistent 2-3 minute delivery times
throughout the day.

However, the data also reveals clear
patterns for optimal deployment. Cargo bikes
excel in high-density scenarios (0.1-0.2 km
between deliveries), maintaining peak
efficiency of 22-25 deliveries per hour with
remarkable consistency. Vans, while facing
challenges in central zones, demonstrate
better suitability for lower-density peripheral
routes.

This natural differentiation suggests an
optimal deployment strategy where each
vehicle type serves its most efficient territory.
Implementation considerations emerge from
these findings. The impact of hub location
proved more significant than anticipated, with
stem distance affecting van efficiency more

severely than cargo bikes. This creates
natural boundaries for vehicle deployment
and suggests the strategic importance of hub
placement in maximizing fleet efficiency. The
clear transition zone between optimal cargo
bike and van territories provides a practical
guide for fleet managers in vehicle allocation
decisions.

These insights point toward a hybrid
delivery model where cargo bikes serve
dense urban cores while vans handle
peripheral routes, maximising the strengths
of each vehicle type. The surprisingly
consistent performance of cargo bikes
across their operational area, combined with
their superior efficiency in challenging urban
environments, suggests significant potential
for expanded deployment in city centres.

However, successful implementation will
require careful consideration of hub
locations, route density patterns, and the
distinct operational characteristics of each
vehicle type.
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7.2. Implications and Strategic Recommendations for Urban

Logistics

The analysis of mixed fleet operations in
Brussels offers valuable insights for the
urban logistics sector as a whole. The clear
superiority of cargo bikes in dense urban
areas, achieving significantly higher delivery
rates and much lower service times,
suggests substantial opportunities for both
operational efficiency and cost reduction
across the industry. However, these
advantages must be balanced against the
practical constraints of cargo bike
operations, including limited range from hubs
and cargo capacity.

The data supports a nuanced approach to
fleet optimisation with several key strategic
implications:

First, the logistics sector should reconsider
its traditional hub-and-spoke model for dense
urban areas. The strong performance of
cargo bikes within their operational radius,
combined with their sensitivity to stem
distance, suggests that a micro-hub network
could extend efficiency advantages across
urban areas. These hubs should be
strategically positioned at the periphery of
high-density zones to maximise the service
area while minimising real estate costs - a
model that challenges the current practice of
large, peripheral distribution centres.

Second, the industry needs to develop
more sophisticated vehicle allocation
strategies based on detailed urban
characteristics. The clear efficiency gradients
observed in both vehicle types indicate that
operators could benefit from more granular
zone-based deployment rules. Traditional
van fleets remain optimal for lower-density
peripheral routes where their speed and
capacity advantages outweigh their urban
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mobility challenges, while cargo bikes
demonstrate clear advantages in high-
density central zones. This suggests that the
future of urban logistics lies in mixed fleet
operations rather than a wholesale transition
to any single vehicle type.

Third, route optimisation needs to explicitly
account for urban context. The significant
variation in service times across different
urban zones suggests that routing algorithms
should incorporate factors beyond simple
distance and delivery count. This could
include specific weightings for urban density,
parking availability, and pedestrian zone
access - factors that are often overlooked in
traditional logistics planning.

These operational improvements could
yield multiple benefits: reduced delivery
costs through higher delivery rates, improved
environmental performance through
increased cargo bike usage, and enhanced
service reliability through more consistent
delivery times. The environmental impact is
particularly noteworthy given increasing
regulatory pressure for sustainable urban
logistics and growing municipal restrictions
on traditional vehicle access.

Looking forward, logistics operators should
consider piloting these changes in phases,
starting with areas showing the clearest
potential for improvement. The sector would
benefit from standardised performance
monitoring and data sharing to enable
continued optimisation of vehicle deployment
strategies. This data-driven approach to fleet
management could help the industry adapt to
evolving urban mobility requirements while
supporting broader sustainability goals in
cities worldwide.
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7.3 Future Opportunities

Scaling potential

The future of cargo bike deliveries in cities is filled with significant opportunities. With cargo
bikes capable of handling 33% of all professional urban transport—split between 25% for goods
and 50% for services—the potential for growth is immense. Currently, cargo bikes account for
only 1% to 1.5% of urban deliveries, but adoption is accelerating. In 2023, according to the
BCLF’s Barometer 2024 of Cycle Logistics, the number of parcels delivered by cargo bike
reached 3.1 million—more than double the volume of 2022.

This growth is largely fuelled by mixed fleet carriers integrating bikes alongside vans to meet
sustainability goals and deal with increasing restrictions and complexity on vehicle access to city
centres. As urban areas continue to tighten regulations and prioritize low-emission zones, cargo
bikes will become an essential component of last-mile logistics. Additionally, growing customer
demand for greener delivery methods further incentivizes carriers to embrace cycle logistics as
a core part of their operations. Therefore, the results of the use-case highlighted in this report,
and the formulated recommendations, should see a wide application in the future.

Technology improvements

This study highlights the transformative power of data in unlocking insights and enabling
smarter decision-making. As cities transition towards cycle logistics, data-driven analyses play a
crucial role in informing stakeholders and shaping impactful strategies. Access to
comprehensive urban logistics data—encompassing both cycle logistics and traditional
vehicles—is essential to understanding the evolving dynamics of urban deliveries.

The research also revealed a critical technology gap in the industry. Through meetings with
Belgian cycle logistics operators, we observed consistently low levels of digitization and heavy
reliance on manual processes. Many operators continue to plan routes and manage operations
with minimal data-driven decision making, creating significant inefficiencies as they attempt to
scale. Al and automation technologies present a major opportunity to transform these
operations—from intelligent route optimization and real-time planning to automated dispatch
and capacity forecasting. These tools will be essential for cycle logistics to scale efficiently while
maintaining the cost and service level advantages over traditional delivery methods.

Operational model innovation will also play a crucial role in scaling cycle logistics. The
strategic deployment of micro-hubs and nano-hubs throughout urban areas can significantly
extend the effective range and efficiency of cargo bike operations. These distributed
infrastructure networks enable shorter stem distances, more efficient load consolidation, and
dynamic reloading during delivery rounds. When combined with Al-powered route optimization,
such hub networks can dramatically increase the service area and delivery density achievable
with cargo bikes.

Such insights form the foundation for strategic recommendations tailored to carriers and
policymakers alike. Establishing a standardized framework for logistics data sharing would
provide a robust, long-term solution, fostering the collection of actionable data and supporting
future studies to guide sustainable urban logistics development. This framework should

A 47



incorporate modern technology standards to enable the adoption of Al-powered tools that can
help operators scale their operations effectively.

Market expansion possibilities

This study has focused on the B2C parcel deliveries and unlocked valuable insights. As cycle
logistics is also a serving other logistics flows, such B2B parcel deliveries and shuttle services, it
would be relevant to conduct specific studies on these flows, as to understand the drivers to
make efficient deliveries. The specific nature of these flows, as described in Section 5.1, will
highlight the conditions for cycle logistics to operate efficiently, including factors such as route
optimization and urban context.

In addition to the above-mentioned flows, the potential of cycle logistics extends to the
transport of services, such as maintenance and repair work, mobile workshops, intervention of
technicians (plumber, electrician, window cleaner, gardener, etc...). Using such use cases and
comparing interventions done with cargo bikes and vans would give very valuable information
on the potential of cycle logistics in this segment of transport, providing efficiency figures and
value for businesses.

These could be the focus of future studies.
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8. Appendices

8.1 Summary of cargo-bike and van routes in KGS data set

This figure shows a breakdown of the average time spent on driving, service time and on the
stem journeys between the hub and the first and last delivery (i.e. the first and last leg of a route)
across all cargo-bike and van routes in the KGS data set.

Distribution of Time Components by Vehicle Type

Van Cargo-bike

w Service Time "
s Driving Time 5
- Stem Duration f

0

This breaks down confirms the importance of the service time in urban logistic, as for both
vehicle types it represents around 60% of their time. It also shows that the stem distance has a
considerable impact on the total amount of time spent driving. The make-up of van and cargo
bike route is relatively similar in this dataset.
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8.2 Estimating Service Times
8.2.1 Analysis with GPS traces

To create a rich dataset, we use a matching algorithm to pair the GPS traces with the task’s
dataset.

In the figure below, we show in blue the GPS trace (with the speed of the vehicle at each time
point). In orange, we show the detected stops where the GPS device is static. We match the
GPS trace with the closest matching GPS stops to the sequence of stops in the Delivery
Management System. In red, we show the corresponding time of a DMS delivery event.
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Figure 18 Figure showing the movement of a vehicle throughout the day, based on its GPS trace (the Y-
axis shows the speed of the GPS tracker). The orange areas show the detected vehicle stops. The red
lines show the TMS delivery events matched in time and space to the GPS stops.

This allows us to study each journey segment between stops, i.e. the distance, duration and
average speed, and the duration of the stop. When multiple deliveries are done at the same
stop, we split the service time duration between each delivery.

8.2.2 Analysis without GPS traces
For vehicles without a GPS tracker, our time estimation process involved several steps.

First, we were able to measure the total duration of each journey and its corresponding stop
by using the DMS information and measuring the difference between the last stop and the
current stop. Second, we obtained driving time estimates from Google Maps. We then
calculated service time by subtracting the estimated driving time from the total time between
deliveries. The service time includes activities such as finding parking, unloading parcels,
walking to addresses, and delivering to doors.



8.3 Distinction between Stops and Deliveries when analysing
Service Times

In our analysis we focus mainly on looking at the service times of cargo bikes vs vans. One
thing to bear in mind is that because of the high density of deliveries, there may be more than
one delivery per stop.

Below we plot the distribution of deliveries per stop for the matched rounds (i.e. the cargo-
bike rounds where a GPS tracker was installed on the vehicle).
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On average, there were 1.87 deliveries per stop (n=6646 matched GPS stops), with the
median number of deliveries per stop being 2. In the dataset, the max number of deliveries per
stop was 27.

In the figure below, we show the distribution of service time (i.e. the time where a vehicle is
static) for stops that serve different numbers of deliveries (1,2,3 or 4). As expected, we find that
stops that serve more stops take consistently longer (about one minute more per extra delivery).

The number of deliveries per stop has an important impact on overall efficiency. A single
delivery stop will take on average 3min 20s per delivery, whereas a 4-delivery stop will take
1min30s per delivery. We also see that the zone of the delivery has an effect on the service time,
for example, Dense Suburban area deliveries take about one minute less than Core Area
deliveries.
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Figure 19 Figure showing the distribution over stop durations according to how many deliveries were
done at each stop, and across different areas of Brussels. We find that stops take consistently longer
when more deliveries happen, and that the urban area has an impact on these stop durations.

Core Area deliveries, for example, take consistently longer than Urban Area and Dense Suburban
deliveries. This dataset only exists for the cargo-bikes where GPS trackers were installed. The density
shows the relative number of stops (with 1, 2, 3, 4 deliveries) that have a specific duration. Distributions
are estimated using KDE (kernel density estimation).

Ideally, it would be most informative to measure the service time associated with each stop, as
it would allow us to better understand the associated time spent looking for parking, walking
between the vehicle etc., however, since we only had access to GPS trackers on cargo-bikes, a
fair comparison at the stop level with vans was not possible in our study. We limit our
evaluations to time per delivery.

When multiple deliveries are serviced at the same stop, we divide the total time by the number
of deliveries. For example, if 5 deliveries are handed at the reception of the same building, and
the stop takes 5 minutes (of looking for parking, walking, and delivering the parcels), then we will
report one minute per delivery, and may underplay the difficulty of dealing with an area.
Because of this, it is better to see the service time we report as a lower bound on the time it
would take for a vehicle to service a stop.
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8.4 Delivery Density across areas for cargo-bikes and vans

The heat maps illustrate the spatial distribution and density of deliveries for both cargo bikes
and vans across different areas of Brussels. This visualisation reveals distinct patterns in how
these two vehicle types are used within the urban landscape.
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Figure 20 Cargo bike deliveries Figure 21 Van deliveries

Cargo bikes demonstrate a more concentrated delivery pattern, with high-density clusters in
central areas, particularly in Ixelles and Etterbeek. There's also a notable concentration of
deliveries near the hub location, suggesting efficient use of cargo bikes for short-distance, high-
density routes. The intensity of deliveries in these areas, as indicated by the darker red and
orange hexagons, highlights the cargo bikes' effectiveness in navigating and serving densely
populated urban centres.

In contrast, van deliveries show a more dispersed pattern. While there is some overlap with
cargo bike zones, vans exhibit a broader reach, extending further east and south of the city
centre. The generally lighter coloration of the van delivery hexagons indicates a lower density of
deliveries per area compared to cargo bikes, consistent with their use in less congested, more
spread-out regions.

The overlap in some areas suggests a degree of flexibility in vehicle choice for certain zones.
However, the distinct patterns — cargo bikes dominating central, high-density areas and vans
covering wider, more peripheral regions — underscore the complementary roles these vehicles
play in the overall delivery strategy.
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8.5 Study Limitations and Future Research Directions

Several important limitations of our analysis should be acknowledged. Most significantly, our
data collection was constrained by limited GPS tracker availability on vans, which restricted our
ability to conduct certain analyses. We were unable to measure actual vehicle speeds in
different urban contexts, quantify time spent searching for parking, or track walking time
between vehicles and final delivery points.

These factors likely contribute significantly to the overall efficiency differential between vans
and cargo bikes, and their absence from our analysis means we may be underestimating the
true performance gap between vehicle types. Our service time analysis was also affected by the
common occurrence of multiple deliveries per stop, which required us to average service times
across deliveries. This averaging approach may underestimate the true complexity of certain
delivery scenarios, particularly in dense urban areas where multiple deliveries to a single
location are common. To address these limitations, further research with comprehensive GPS
tracking across both vehicle types could provide more granular insights into the specific
components of delivery efficiency, including parking, walking time, and actual travel speeds in
various urban contexts.

These findings suggest that KGS Group's strategic shift toward cargo bikes in central zones is
well-supported by operational data. However, the optimal delivery strategy appears to be a
mixed fleet approach, with vehicle deployment carefully matched to urban context and route
characteristics. Future research with more comprehensive tracking data could further refine our
understanding of vehicle performance differences and help optimise deployment strategies.
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