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Summary

The US-Sweden Knowledge Exchange for Connected Urban Freight Solutions was an 11-month
bilateral project (February-December 2025) funded by Vinnova's Future Mobility program. The
initiative involved Swedish representatives from VTI, Helsingborg, and Goéteborg collaborating with
American partners from Portland, Seattle, Los Angeles, and the Open Mobility Foundation to examine
digitalization approaches in urban logistics.

The project studied three distinct and complementary strategies for addressing urban freight
challenges. Portland's Zero Emission Delivery Zones demonstrated regulatory intervention through
municipal parking authority, achieving industry response (DHL, Amazon, FedEx fleet electrification)
and 45,000 e-cargo bike deliveries saving 2,000 tons CO2, though enforcement capacity limitations
emerged with 73% violation rates. Seattle's Smart Digital Curbs prioritized comprehensive data
collection over regulation, installing 25 smart meters with open APIs providing real-time curb usage
data to enable evidence-based policy development. Los Angeles showcased sophisticated delivery
robot governance with 200 operational robots generating 800,000 trips, demonstrating municipal
authority over sidewalk-based mobility and comprehensive digital integration through Mobility Data
Specification (MDS).

A common theme across all sites was the foundational role of open data standards—MDS and Curb
Data Specification (CDS) that are managed by the Open Mobility Foundation. These standards
enabled interoperable digital infrastructure while avoiding vendor lock-in. Swedish participants
contributed perspectives on systematic data ownership and integrated governance approaches that
impressed American counterparts, particularly Goteborg's comprehensive data management model.

Key insights include the critical importance of municipal curb space authority for innovation despite
limited control over roadway autonomous vehicles, the necessity of enforcement capacity matching
violation detection capabilities, and the value of proactive regulatory framework development before
technology scaling. The project enabled Swedish municipalities to influence international standards
development while identifying concrete applications for Swedish contexts, including smart loading
zones, digital policy testing, and systematic technology procurement strategies.

Looking forward, OMF plans continued collaboration in 2026 with expanded European participation,
presenting opportunities for sustained Swedish engagement in international urban logistics innovation
networks.
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1. Project Background

The US-Sweden Knowledge Exchange for Connected Urban Freight Solutions was a bilateral research
and knowledge transfer project funded by the Future Mobility program, administered through Vinnova
and executed between February and December 2025. Future Mobility is a Swedish innovation
program that builds and strengthens collaboration networks within research and innovation between
Sweden and the USA in sustainable mobility, financed by Vinnova.

1.1.  Project Participants and Structure

The Swedish delegation comprised representatives from VTI (Swedish National Road and Transport
Research Institute), Helsingborg municipality, and G6teborg municipality. Additional technical
support was provided by Nivel, a Norwegian software company specializing in mobility data
solutions. The American partners included the Open Mobility Foundation (OMF), a non-profit
organization managing open data standards for mobility, along with municipal representatives from
Portland (Oregon), Seattle (Washington), and Los Angeles (California). Portland and Seattle are
participants in OMF's 10-city SMART Curb Collaborative', a peer network of cities focused on curb
management learning and knowledge sharing.

1.2. Project Activities and Methodology

A common theme throughout the knowledge exchange was data sharing and standardization
approaches. The Mobility Data Specification (MDS)? and Curb Data Specification (CDS)?, both
managed by the Open Mobility Foundation, served as common denominators across selected study
sites. The knowledge exchange employed multiple engagement formats over an 11-month period.
Core activities included a week-long study visit to Portland and Seattle by the Swedish delegation
October 13 through 17, a webinar with Los Angeles Department of Transportation (LADOT), and
active participation in OMF working groups for Mobility Data Specification (MDS) and Curb Data
Specification (CDS) standards development. The project also disseminated the findings in a lunch
webinar* (in Swedish).

The project explicitly emphasized bilateral knowledge transfer rather than one-way learning. While
this report focuses on Swedish insights from American experiences, American participants also gained
valuable perspectives on systematic data management, municipal technology procurement strategies,
and integrated governance approaches developed in Swedish municipalities.

I See https://www.openmobilityfoundation.org/smart-curb-collaborative/

2 See https://www.openmobilityfoundation.org/about-mds/

3 See https://www.openmobilityfoundation.org/about-cds/

4 See https://www.drivesweden.net/event/lunch-learn-vad-hander-i-usa-kring-urban-logistik
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2. Thematic Focus Areas

Three primary urban logistics challenges formed the project's main content: regulatory approaches to
freight decarbonization, data-driven curb space management, and governance of emerging delivery
technologies (sidewalk robots). Interestingly, these themes reflected common challenges across
participating cities despite different institutional, legal, and cultural contexts.

2.1. Case study 1: Portland, Zero Emission Delivery Zones (ZEDZ)

2.1.1. Policy Context and Motivation

Portland's Zero Emission Delivery Zone initiative emerged from ambitious climate commitments,
targeting net-zero carbon emissions by 2050. Approximately 40% of Portland's emissions originate
from transportation (Portland Bureau of Transportation, 2024), with increasing contributions from e-
commerce and food delivery services. Moreover, the city identified significant enforcement
challenges: a study by Portland State University revealed 75% unauthorized usage of loading zones
(Sherman et al., 2025), encompassing multiple violation types: non-commercial vehicles in
commercial zones, commercial vehicles without required permits, and permitted vehicles exceeding
time limits of the permit or double-parking.

Despite constituting only being 5% of the vehicle fleet, trucks generate disproportionate transportation
emissions (Portland Bureau of Transportation, 2024). This problematic scenario was illustrated during
our site visits as popular restaurants like food establishments created consistent double-parking
situations with Uber Eats and equivalent services blocking traffic lanes while waiting for orders (see
Figure 1 below). Juridically, Portland's approach used municipal authority over parking and loading
zone designation, jurisdiction cities retain regardless of state or federal autonomous vehicle regulation.

Figure 1- Food deliver pickup double parking in Portland
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2.1.2. Implementation Strategy

The pilot targeted five strategically located loading zones in downtown Portland, positioned near City
Hall for maximum visibility and impact. Portland Bureau of Transportation emphasized the
importance of stakeholder engagement through multiple focus groups including both commercial
transporters and community residents. Additional outreach included surveys to gauge broader
community reception beyond engaged participants.

The regulatory approach utilized existing municipal authority over loading zone designation and
permit requirements (see chapter 2.1.4 below).

2.1.3. Technical Infrastructure

Digital implementation of a ZEDZ required a comprehensive digital representation of the city’s curb, a
foundation that is often overlooked in urban planning. Portland thus digitized their detailed curb
regulations, and thereby moved beyond basic curb inventory to also include codified rules that enabled
automated compliance monitoring. The Curb Data Specification (CDS) provided the semantic
framework for encoding both physical infrastructure (location, dimensions) and regulatory parameters
(time restrictions, permit requirements, vehicle classifications). In addition, the following components
was part of the setup:

2.1.4. Enforcement of the ZEDZ

Portland developed a digital permit system enabling zero-emission commercial vehicles to access the
designated zones. The application process required organizations to demonstrate zero-emission vehicle
status and commercial operation using the city's parking portal. PBOT then reviewed and approved
applications, where 66 vehicles ultimately received ZEDZ permits during the pilot period. The system
included odometer reading requirements to enable future distance tracking and impact assessment.

Licensed vehicles were entered into handheld enforcement devices, enabling parking officers to verify
permit status through license plate verification in the field. Manual enforcement resulted in 96
citations issued for ZEDZ violations throughout the pilot period.

However, sensor data collected during the pilot also revealed fundamental enforcement capacity
limitations: passenger vehicles occupied ZEDZ spaces 73% of the time, thereby indicating violation
rates far exceeding enforcement capability. The enforcement gap reflected resource rather than
technological constraints: officers could verify permits and issue citations but lacked capacity to
address the full scope of detected violations.

Federal funding restrictions prevented using grant money for enforcement activities, requiring local
budget allocation for citation operations. Additionally, regulations prohibited automated license plate
reader integration with sensor systems, preventing automated violation detection and citation issuance.
These constraints meant enforcement remained manually intensive despite digital permit verification
capabilities.

The enforcement experience demonstrated both the feasibility and limitations of manual compliance
monitoring. Digital permit systems proved operationally viable, with clear verification processes and
officer-friendly verification tools. However, the 73% violation rate versus 96 citations issued
highlighted the fundamental challenge: even sophisticated digital systems require sufficient
enforcement capacity to achieve compliance objectives. Future scaling would thus need to address
either automated enforcement capabilities or significantly expanded officer resources to match
detected violation levels.
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2.1.5. Stakeholder Engagement and Response

Commercial transporters initially expressed skepticism about implementation scale and associated
electrification costs. Data transparency emerged as a recurring concern, with demands for clearer
communication about sensor data usage and privacy protection. Despite initial hesitation, the industry
response exceeded expectations when clear policy signals emerged.

Major logistics operators made important commitments: DHL acquired electric vehicles and
supporting charging infrastructure specifically for Portland operations. Amazon deployed Rivian
electric delivery vehicles to service the zones. FedEx purchased their first electric vehicles, using
Portland as the initial deployment market. Beyond large carriers, the initiative catalyzed increased
cargo bike adoption, with infrastructure modifications supporting alternative delivery modes.

Cycle logistics provider B-Line Urban Delivery, operating a fleet of e-cargo tricycles serving over 200
businesses, institutions, and non-profits, completed 45,000 deliveries in 2024 (both within and outside
the designated zones), generating an estimated 2,000 metric tons of CO2 savings compared to
conventional delivery methods. The pilot program hence catalyzed business expansion, with six new
companies contracting B-Line services as a direct result of the ZEDZ initiative (Sherman et al., 2025).

2.1.6. Lessons and Scaling Challenges

Open data standards has been essential for innovation ecosystem development, according to Portland,
to facilitate both internal city analysis and external developer procurement. Industry adaptation to the
ZEDZs demonstrated that clear policy frameworks can generate a meaningful commercial response.
Sensor-generated evidence enhanced stakeholder discussions by providing pervasive usage data rather
than anecdotal complaints.

However, as described above, digital enforcement was not fully implemented during the pilot phase.
Full automation requires integration with citation systems and legal framework development — while
technical capabilities exist, the regulatory adaptation lags behind technological readiness. The staged
approach (manual enforcement with digital monitoring) still provided important operational learning
while building toward comprehensive automation.

2.2. Case study 2: Seattle, Smart Digital Curbs

2.2.1. Problem Analysis and Context

Seattle's approach emerged from recognition that enforcement challenges require comprehensive
understanding prior to regulatory intervention. The city identified a growing urban challenge:
increasing delivery demand conflicted with limited curb space in a rapidly expanding metropolitan
area.

Baseline measurement revealed major compliance problems with some 80% unauthorized usage of
commercial loading zones (Hamlin et al., 2025). This situation created a negative feedback loop where
legitimate permit purchasers encountered consistently occupied spaces, reducing incentives for rule
compliance. As one transportation official noted, legitimate permit holders questioned the value of
purchasing permits when illegal parkers consistently occupied reserved spaces.

The compliance paradox extended beyond simple rule breaking. Despite increasing delivery demand,
permit applications actually decreased over time. This counterintuitive trend suggested a more
systemic “breakdown” in the regulatory framework rather than isolated violations.

2.2.2. Technical Implementation Strategy

For this reason, Seattle prioritized comprehensive data collection over immediate regulation, installing
25 smart parking meters (see Figure 2 below) in the Belltown district as an initial deployment zone.
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The technology leveraged existing parking infrastructure — meters familiar from historical usage but
enhanced with sensor integration for occupancy detection and compliance monitoring.

x

Figure 2- Smart Parking Meter in Seattle

The implementation also included camera systems as both primary validation and backup detection
method. This dual-sensor approach improved reliability while providing visual confirmation of
occupancy states. Real-time data fed into both internal city analytics platforms and public-facing
transparency dashboards.

2.2.3. Curb Use Open Data

One interesting feature in Seattle's solution was comprehensive data accessibility through open APIs
providing real-time information to any developer or organization. The API delivered multiple data
streams: current occupancy status for individual spaces, regulatory parameters including time
restrictions and permit requirements, event notifications for status changes, and historical utilization
patterns for trend analysis.

The public dashboard remained accessible in real-time (see Figure 3), as demonstrated during the

presentation with live data from Belltown showing specific occupancy states. This transparency served

multiple purposes: public accountability, developer ecosystem support, and evidence-based policy
discussion foundation.
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Figure 3 — Public Dashboard

2.2.4. Policy Integration and Response

The data collection enabled evidence-based policy development rather than just reactive regulation.
Using this new data, the city could identify new spatial and temporal patterns, e.g., which locations
experienced highest demand, peak usage periods, and compliance rate variations. This information
could be used to support strategic decisions about additional loading zone creation, time restriction
modifications, and enforcement priority targeting.

The approach was developed to address the fundamental challenge of matching supply and demand:
understanding where loading zones were needed, when they were most critical, and how existing
regulations could be changed to be better aligned with actual usage patterns. Digital monitoring also
provided objective evidence for stakeholder discussions about curb space allocation.

2.2.5. Scaling and Future Integration

Seattle recently secured funding to expand the smart curb system citywide beyond Belltown, targeting
all paid parking areas for more comprehensive coverage. The citywide expansion represents
significant infrastructure investment in digital urban management capabilities.

Future planning also includes integration with autonomous vehicle systems, recognizing that digital
curb infrastructure provides a foundational capability for these emerging mobility services. As
autonomous delivery and passenger services develop, cities require standardized communication
protocols for curb access coordination — that Seattle's open API architecture enables.

2.3. Case study 3: Los Angeles, Delivery Robot Governance

2.3.1. Jurisdictional Context and Authority

The Los Angeles case study showed how municipal regulation of emerging mobility technology can
be executed despite limited authority over roadway autonomous vehicles. Here, Los Angeles
Department of Transportation (LADOT) uses local jurisdiction over sidewalk usage and management
as this is authority cities retain while states (in this case California) regulate autonomous passenger
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vehicles on regular roads. This created opportunities for Los Angeles to experiment with digital
governance frameworks for sidewalk vehicles.

2.3.2. Problem ldentification and Motivation

Los Angeles identified similar urban freight challenges as Portland and Seattle: increasing delivery
demand creating curb congestion and traffic disruption. The COVID-19 pandemic also accelerated
demand for contactless delivery services, creating market opportunity for alternative delivery modes,
like sidewalk robots. Specific problematic scenarios included consistent traffic blockages around
popular restaurants, particularly hamburger chains like Shake Shack where delivery vehicle and
moped concentration created local traffic chaos.

An acting transportation department director in Los Angeles emphasized the burden on high-demand
curb space: "The explosion in ride-sharing and deliveries has brought great conveniences to people,
but has also led to curb congestion that impacts our quality of life and our businesses." (Los Angeles
Department of Transportation, 2023) This situation motivated exploration of alternative delivery
modes that could reduce rather than increase curb pressure.

2.3.3. Pilot Program Structure

LADOT established a sidewalk delivery robot pilot program beginning in 2020, responding to
pandemic-driven demand for more contactless delivery services. At the time of writing (2025-12-15),
the program authorizes 200 active robots from two companies: Serve Robotics and Coco Delivery,
with operations concentrated in downtown LA, Hollywood, and West Side districts.

The permit structure creates gradually financial responsibility: annual permits cost $20,000 for fleets
exceeding 50 robots. This fee structure supports municipal digital infrastructure costs while creating
meaningful financial commitment from operators. Smaller fleets operate under different fee structures,
enabling both startup experimentation and scaled commercial deployment.

2.3.4. Operational Framework

Los Angeles developed specific operational parameters addressing safety, infrastructure compatibility,
and public interaction concerns:

e Speed limitation: 3-5 mph (approx. 5-8 km/h) maximum on sidewalks and crosswalks

o Weight restriction: maximum 185 lbs (84 kg) to ensure maneuverability in pedestrian
environments

e Exclusive sidewalk operation and prohibited from roadway usage due to the jurisdictional
limitations

* Mandatory liability insurance and municipal indemnification

*  Two-hour maximum response time for citizen complaints via 311 system integration

*  Municipal authority to revoke permits in case of regulatory violations

2.3.5. Advanced Digital Integration

LADOT implemented comprehensive digital governance through mandatory MDS integration,
requiring real-time data sharing from all robot operators, extending MDS applications in Los Angeles
beyond the original e-scooter focus.

The MDS integration provides city with operational visibility: real-time location tracking for all active
robots, trip initiation and completion events, geofencing capability for event-based restrictions, and
integration with citizen complaint systems for rapid response coordination.
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Dynamic geofencing capability enables responsive regulation: during major events like Dodgers
parades, the city can implement temporary geographic restrictions, preventing robots from increasing
pedestrian congestion in sensitive areas.

2.3.6. Operational Performance Metrics

Los Angeles collects data through MDS integration that generates detailed insight into urban delivery
robot operations during 2025:

» Total trips: 800,000 completed trips representing significant commercial scale

» Distance traveled: 364,000 kilometers (226,000 miles) total operational distance

e Average trip distance: 0.45 kilometers (0.28 miles) confirming hyper local delivery focus

*  Median trip distance: under 90 meters (100 yards) indicating hyper-local distribution patterns
»  Average trip time: 15+ minutes despite short distances suggesting complex urban navigation

2.3.7. Public Acceptance and Social Integration

Los Angeles documented positive public reception compared to other emerging mobility technologies.
Citizen complaint data revealed notable differences: fewer than 50 total complaints about delivery
robots compared to over 17,000 complaints about e-scooters during comparable periods. This
significant difference suggests appropriate social integration relative to more disruptive mobility
innovations.

Anecdotal evidence from operator presentations also included positive public interactions: observers
helping concerned pedestrians understand robot behavior ("you can just keep walking, the robot will
stop and go around you") and general curiosity rather than hostility toward the technology. This
contrasted with the vandalism and public resistance the city encountered for autonomous passenger
vehicles and e-scooter deployments.

2.3.8. Scaling Challenges and Future Considerations

Los Angeles anticipates rapid scaling from the current 200 robots to over 500 within the next few
months, hence more than doubling the operational fleet. This expansion raises systematic questions
about sidewalk capacity and public space utilization during non-operational periods.

Critical infrastructure questions include robot parking and storage: where do robots wait between
deliveries, how does idle time affect public space usage, and what are appropriate regulations for non-
operational robot presence on sidewalks. These questions become pressing as fleet size approaches
sidewalk capacity limits in some areas.

2.3.9. Revenue Diversification and Data Monetization

Operators also explore additional revenue streams beyond delivery fees. This includes limited
advertising on robot surfaces (subject to municipal content control), environmental sensor data sales to
city government, infrastructure monitoring through continuous imaging, and traffic signal optimization
data from movement pattern analysis.

Municipal infrastructure benefits include automated detection of sidewalk defects, identification of
accessibility barriers, particulate matter monitoring, and systematic documentation of urban
infrastructure conditions. These auxiliary data streams could provide value beyond delivery service
revenue while supporting municipal maintenance and planning activities.
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3. Participation in OMF Working Groups

Representatives Linda Bermin and Magnus Threfors from the City of Helsingborg, and Harald
Savareid, with coworkers from Nivel, participated actively in Open Mobility Foundation working
groups, which are structured around knowledge exchange between member cities. Working group
sessions typically begin with presentations on current topics or ongoing projects from participating
cities, followed by smaller discussion groups for in-depth exploration of presented themes.

During the project period, participants engaged with diverse content including Portland's presentation
of their Low Emission Delivery Zone implementation. The working group format divides participants
into small discussion groups of approximately four members, creating conditions conducive to open
and trust-based knowledge sharing.

The Helsingborg representatives brought complementary professional expertise: Magnus with
extensive data management experience and Linda specializing in transport planning. Initial
expectations suggested the working groups would focus primarily on technical standards development
for MDS and CDS, potentially limiting relevance for municipal practitioners. However, actual
participation revealed significantly broader scope addressing strategic, organizational, and practical
implementation perspectives alongside technical considerations.

The small group format facilitated comprehensive experience sharing, with participants discussing
current challenges, implementation lessons, and strategic approaches. Engagement levels remained
consistently high throughout sessions, with strong demonstrated willingness among participants to
learn collaboratively and share municipal knowledge across institutional and national boundaries.

This working group participation provided Swedish municipalities direct input opportunity in
international standards development while gaining practical insights from peer cities facing similar
urban logistics challenges. The format proved particularly valuable for understanding implementation
contexts and governance approaches beyond pure technical specifications.

Nivel — as a supplier of a software platform for integration of MDS and CDS — is continuously
participating in the OMF working groups and has also decided to take a clearer position in the
development of the standard. They are already testing out some novel features, interim standard for car
sharing and have proposed a deeper integration of data of the goods delivered together with curb and
vehicle data, for better insights in delivery efficacy in a project proposal together with VTI. They have
also established a collaboration with CDS integrator Coding the Curbs of Netherlands, where they
hope to see some progress in 2026. In addition, they see great potential in employing MDS and CDS
standards in the rollout of AVs in Europa, with a broad transport system approach.

Looking forward, OMF plans to continue the Collaborative approach in 2026 with a new group of
cities from Europe and North America, presenting potential opportunities for continued Swedish
participation.
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he Swedish National Road and Transport Research Institute (VTI) is an

internationally prominent research institute in the transport sector, whose

principal task is to conduct research and development related to
infrastructure, traffic, transport, and mobility users. The Institute is an assignment-
based authority under the Swedish Ministry of Rural Affairs and Infrastructure,
dedicated to continuously developing knowledge pertinent to the transport sector
and in this way actively contributing to achieving the Swedish transport policy
objectives.

Our operations cover all modes of transport, including areas of pavement
technology, infrastructure maintenance, vehicle technology, traffic safety, traffic
analysis, mobility users, environment, planning and decision making processes,
transport economics, and transport systems. Knowledge developed by VTI
provides a basis for decisions made by stakeholders in the transport sector. In many
cases our findings have direct applications in both national and international
transport policies.

VTI conducts commissioned research in an interdisciplinary organization, and also
undertakes investigations, consulting services, and various measurement and
testing services. The Institute has a wide range of advanced research equipment
and facilities, including laboratories for road material testing, measurement
technology, crash safety testing, and world-class driving simulators.

The National Transport Library at VTI is a national resource for the supply and
dissemination of information in the field of transport research.

VTI cooperates with leading universities in Sweden engaged in related research
and education and also continuously participates in international research projects
and networks. The Institute holds the quality management systems certificate ISO
9001 and the environmental management systems certificate ISO 14001. Some of
the test methods used in our labs for crash safety, measurement technology and
road materials are also certified.

We have about 250 employees at locations in Linkdping (head office), Stockholm,
Gothenburg and Lund.
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