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Kun Gao 

This project develops data-driven evaluation methods for SMS and digital tools for SMS 

management with high scalability, to provide relevant stakeholders (e.g. government 

agencies and operators) with improved decision support. The results focus on improving 

the deployment of SMS in different contexts as a flexible, efficient and sustainable 

complement to inclusive transport systems and contribute to reducing transport-related 

emissions. 
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Sammanfattning 
Delade mikromobilitetssystem (SMS) har blivit allmänt införda i EU och globalt, men 

det finns fortfarande ett behov av att undersöka hur nuvarande system fungerar i 

praktiken när det gäller miljönytta, användarnytta och effektiv förvaltning för att uppnå 

hållbarhetsmål. Detta projekt utvecklar datadrivna utvärderingsmetoder baserade på 

storskalig data för SMS samt digitala verktyg för SMS-förvaltning med hög skalbarhet, 

för att ge relevanta aktörer förbättrat beslutsstöd. Resultaten presenterar empiriska 

bevis på systemprestanda för delade elscootersystem (SES) från tre svenska städer 

(Stockholm, Göteborg och Malmö) samt över 100 städer i EU vad gäller minskning av 

växthusgasutsläpp och användarnas restid. Resultaten visar att SES leder till 

betydande tidsvinster för användarna, vilket gynnar mobilitetseffektivitet och 

tillgänglighet. SES ersätter ofta gång eller kollektivtrafik, vilket i svenska städer leder 

till ökade livscykelutsläpp av CO₂ och därmed motsäger antagandet att SES är ett 

lågutsläppsalternativ. Däremot kan SES i bilberoende europeiska städer (såsom 

Budapest, Essen, Palermo och Rom) bidra till minskade nettoutsläpp. SES-effekter är 

starkt kontextberoende, med stora potentiella tidsvinster och 

systemeffektivitetsförbättringar som måste vägas mot utsläppsaspekter. För att uppnå 

verklig hållbarhet krävs en strategisk integrering med befintliga transportsystem, 

särskilt i förortsområden, och detta bör stödjas av riktade policyer, subventioner och 

affärsmodeller. En digital instrumentpanel har utvecklats för att stödja 

stadsmyndigheter och SMS-operatörer i att övervaka systemprestanda med hjälp av 

storskalig, realtids- och historisk data. Plattformen erbjuder ett användarvänligt verktyg 

för att analysera rumsliga och tidsmässiga trender, bedöma effektivitet och stödja 

datadrivna policybeslut i olika urbana miljöer. 
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English summary 
Shared micromobility systems (SMS) have been widely adopted in the EU and globally, 

but there is still a need to investigate how current systems work in practice in terms of 

environmental benefits, user benefits and effective management for sustainability 

goals. This project develops data-driven evaluation methods based on big data for 

SMS and digital tools for SMS management with high scalability, to provide relevant 

stakeholders with improved decision-making support. The results present real-world 

evidence of system performances of shared e-scooter systems (SES) from three 

Swedish cities (Stockholm, Goteborg and Malmo) and over 100 EU cities in terms of 

reducing GHG emissions and user travel time. The results show that SES leads to 

significant reduction in travel time for users, benefiting mobility efficiency and 

accessibility. SES often replace walking or public transit, leading to increased life-cycle 

CO₂ emissions in Swedish cities, contradicting assumptions of SES as a low-carbon 

mode. However, in car-dominated European contexts (such as Budapest, Essen, 

Palermo and Rome), SES can reduce net emissions. SES impacts are highly context-

dependent, offering substantial travel time savings and system efficiency gains that 

must be weighed alongside emissions concerns. Effective sustainability requires 

strategic integration with existing transport networks, especially in suburban areas, 

supported by targeted policies, subsidies, and business models. A digital dashboard is 

developed to support city authorities and SMS operators in monitoring system 

performance using large-scale, real-time, and historical data. It offers a user-friendly 

platform to analyze spatial and temporal trends, assess efficiency, and inform data-

driven policy decisions across diverse urban settings. 
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Bakgrund 
Shared micromobility systems (SMS) such as e-scooters and bike/e-bike sharing 

combine the benefits of sharing and electrification and have emerged as a promising 

sustainable alternative to private and fossil powered transport. By early 2023, Europe 

hosted roughly 1,700 free floating services and 1,000 station based bike sharing 

schemes across more than 600 cities. SMS has the potential to improve accessibility, 

cut energy use, and reduce greenhouse gas emissions, thereby strengthening both 

the sustainability and equity of urban transport. 

However, current operations of SMS may not fulfil the abovementioned promising 

expectations and encounter a lot of issues such as low utilization rate, high life-cycle 

emissions, non-integration with public transit, replacing existing sustainable transport 

modes (walking, private bicycles and public transit). Our preliminary analysis in 

Gothenburg shows that the trips using e-scooter sharing in some areas have a very 

high percentage (over 90%) of replacing existing sustainable transport modes (transit, 

cycling, or walking) and thus do not reduce Greenhouse Gas (GHG) emissions at all 

on account of life-cycle emission of e-scooter sharing. The current development of 

SMS is commercially oriented and gives less attention to the actual performance about 

societal effects. It is unclear whether SMS is a beneficial new service to improve the 

current transport systems, or whether the positive benefits of new SMS exceed the 

negative impacts due to SMS. Urban planners and managers need comprehensive 

and quantitative assessments of different types of SMS to understand how well SMS 

are operating and how to improve SMS effectively. Therefore, there is an increasing 

interest in evaluating the actual performance of SMS in different urban contexts in a 

quantitative way and exploring effective countermeasures to regulate the development 

of SMS and fully unleash the sustainable potentiality of SMS. 

Moreover, some public authorities have already implemented certain regulations. For 

instance, the urban managers in Stockholm and Gothenburg reduced the number of 

shared e-scooters in 2022; six US cities limited the fleet sizes of operators based on 

the average number of trips. There is an urgent need to assess the effectiveness of 

implemented measures and policies. These require precise quantitative assessments 

of the societal impacts of operating SMS before and after implementing some 

regulations. More importantly, urban managers are discussing various measures and 

policies that may promote the sustainable development of SMS in the future. The 

previous/current decision-making was mainly based on empirical and expert 

judgements and not found on solid quantitative evidence from adequate data. Urban 

managers need more scientific and quantitative tools to quantitively assess the 

potential consequences and effectiveness of different potential measures for future 

policies that drive SMS in a sustainable direction.  
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Projektupplägg 

Syfte 

The overall purpose of this project is to advance the sustainable development and 

governance of shared micromobility systems across diverse urban contexts. By 

leveraging big data and digitalization, we create novel analysis methods based on big 

data that overcome the limitations of traditional models. These methods are presented 

in an interactive a web-based digital dashboard that delivers quantitative insights into 

SMS performance including efficiency and sustainability from both user and system 

perspectives and visualizes the effects of management measures digitally. 

Mål 

Objective 1: High -resolution assessment framework 

Develop and validate a big data–driven model to quantify user and system level 

impacts of SMS in Swedish cities. Demonstration case studies are conducted in 

Stockholm, Gothenburg and Malmo. 

Objective 2: Digital dashboard for impact analysis   

A digital dashboard for quantitative evaluation and map-based visualization of SMS 

performance based on big data and the effects of management measures. 

Objective 3: Multiple-cities analysis and comparison for effective strategies 

Perform comparative studies across multiple European cities to identify effective 

strategies that enhance SMS sustainability, efficiency, and social benefits.  

Projektperiod 

1 year and 7 months   Start:4 Sep 2023    Slut: 31 Mar 2025 

Partner 

Chalmers University of Technology, Stockholms Stad, WSP Svergie and CERO AB 
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Metod och aktiviteter 
Our study focuses on the systematic impact of SMS in real urban context including 

reducing GHG emissions and users’ travel time (improving efficiency). The challenging 

part of the methodology is to evaluate the effects of an SMS at the resolution of trip 

level based on new data and modelling techniques, so that we can have scalable and 

high-resolution evaluations and analysis. To evaluate and infer the effect of a SMS trip 

in terms of reducing GHG emissions and users’ travel time. It requires three aspects: 

(1) the possible travel transport modes besides the SMS and their attributes for every 

recorded SMS trip; (2) a method to infer the replaced transport mode for each trip of 

using SMS; (3) a method to calculate the effects of using SMS for the trips.  

To facilitate the analysis, we developed a high-resolution assessment framework with 

four steps, including collecting trip data, inferring replaced transport mode in a 

probabilistic way, and estimating GHG emission reduction and user travel time 

reduction, as depicted in Figure 1. 

 

Figure 1. Methodology framework of WP1 

Trip data collection 

We leverage Application Programming Interface (API) from SMS operators to obtain 

operation data from SMS (including e-bike/ bike, e-scooter, and e-mopeds) in over 100 

EU cities, including almost all big Swedish cities. The data of each city covers at least 

one and a half years and is being collected continuously. Our dataset encompasses 

trip data for shared e-scooters from 1 January to 31 December 2022, sourced from 

TIER and VOI. Each trip record includes detailed trip information, such as the 

coordinates and timestamps of the starting and ending points of the trip when the user 

started and ended using shared e-scooters (SES) in the application software of SES.  
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Based on the starting and ending locations of each SES trip, we calculate the shortest 

route of using SES for the trip using the OpenTripPlanner (OTP), an open-source multi-

modal routing engine. To extract all the possible alternatives (e.g., walking, car and 

transit) and their attributes (e.g., cost, travel time, and distance) in real transport 

systems for the same trip, OpenTripPlanner is also used to extract the travel time of 

each SES trip based on its starting timestamp and coordinates and ending coordinates. 

OTP utilizes road‑network data from OpenStreetMap and General Transit Feed 

Specification (GTFS) data as inputs to derive routes for various transport modes. 

Specifically, based on the starting and ending coordinates and the departure time of 

an SES trip, OTP identifies the optimal routes for walking, private bike, public transit 

(bus or tram), private car, and taxi. The extracted information encompasses travel time 

and distance for each mode, accounting for actual transit schedules and road 

networks. Utilizing the travel time, distance, and route data for each mode, we 

calculated travel costs in Stockholm, Gothenburg, and Malmö by incorporating 

standardized public‑transit fares, private‑vehicle operating costs, and Swedish taxi 

tariffs 

Modal substitution 

The replaced transportation mode by an SES trip is defined as the mode that travelers 

would use for the same trip (same departure time, origin and destination) if the SES 

did not exist. Our study considers five modes that SES could potentially replace. Based 

on trip-specific information extracted, a discrete choice multinomial logit (MNL) model 

was utilized to infer which mode would be chosen. As for the MNL model, we let 𝑀𝑖(𝑖 =

1,2,3,4,5) denote the available modes: walking, private bike, public transit (PT), private 

car, and taxi. Let 𝑃𝑀𝑖
 be the probability of choosing mode Mi if SES were unavailable. 

For SES trips shorter than 300 m, we assume they replace walking directly. Only trips 

≥ 300 m use the MNL model below. For each mode, the utility function and description 

for each mode was defined as: 

𝑈𝑤𝑎𝑙𝑘 = 𝛽𝑤𝑎𝑙𝑘_𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒  ×  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 + 𝐴𝑆𝐶𝑤𝑎𝑙𝑘  

𝑈𝑏𝑖𝑘𝑒 = 𝛽𝑏𝑖𝑘𝑒_𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒  ×  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 + 𝐴𝑆𝐶𝑏𝑖𝑘𝑒  

𝑈𝑃𝑇  =  𝛽𝑡𝑖𝑚𝑒𝑃𝑇
 ×  𝑡𝑖𝑚𝑒𝑃𝑇  +  𝛽𝑐𝑜𝑠𝑡𝑃𝑇

 ×  𝑐𝑜𝑠𝑡𝑃𝑇  +  𝛽𝑖𝑛𝑛𝑒𝑟  ×  𝐼𝑖𝑛𝑛𝑒𝑟  + 𝛽𝑃𝑇𝑐𝑎𝑟𝑑  ×  𝐼𝑃𝑇𝑐𝑎𝑟𝑑  

𝑈𝑐𝑎𝑟  =  𝛽𝑡𝑖𝑚𝑒𝑐𝑎𝑟
 ×  𝑡𝑖𝑚𝑒𝑐𝑎𝑟  +  𝛽𝑐𝑜𝑠𝑡𝑐𝑎𝑟

 ×  𝑐𝑜𝑠𝑡𝑐𝑎𝑟  +  𝛽𝑙𝑖𝑐  ×  𝐼𝑙𝑖𝑐  +  𝛽𝑚𝑎𝑙𝑒  ×  𝐼𝑚𝑎𝑙𝑒

+  𝛽𝑎𝑐𝑐 × 𝐼𝑎𝑐𝑐  + 𝐴𝑆𝐶𝑐𝑎𝑟 

𝑈𝑇𝑎𝑥𝑖  =  𝛽𝑡𝑖𝑚𝑒𝑇𝑎𝑥𝑖
×  𝑡𝑖𝑚𝑒𝑇𝑎𝑥𝑖 +  𝛽𝑐𝑜𝑠𝑡𝑇𝑎𝑥𝑖

×  𝑐𝑜𝑠𝑡𝑇𝑎𝑥𝑖 + 𝛽𝑚𝑎𝑙𝑒 × 𝐼𝑚𝑎𝑙𝑒 + 𝐴𝑆𝐶𝑇𝑎𝑥𝑖 

 

 

 

 

Table 1. Variables in the utility function 
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Symbol Variable Description 

𝑨𝑺𝑪 Alternative-specific constant Mode-specific constant 

𝒅𝒊𝒔𝒕𝒂𝒏𝒄𝒆 Distance (in 10 km) Trip distance 

𝒕𝒊𝒎𝒆𝑷𝑻 PT travel time Total public transit time 

𝒄𝒐𝒔𝒕𝑷𝑻 PT cost Total public transit cost 

𝒕𝒊𝒎𝒆𝒄𝒂𝒓 Car travel time Total car time 

𝒄𝒐𝒔𝒕𝒄𝒂𝒓 Car cost Total car cost 

𝒕𝒊𝒎𝒆𝑻𝒂𝒙𝒊 Taxi travel time Total taxi time 

𝒄𝒐𝒔𝒕𝑻𝒂𝒙𝒊 Taxi cost Total taxi cost 

𝑰𝒊𝒏𝒏𝒆𝒓 Inner-city indicator 1 if inner city, else 0 

𝑰𝑷𝑻𝒄𝒂𝒓𝒅 Transit card holder 1 if has PT card, else 0 

𝑰𝒎𝒂𝒍𝒆 Male 1 if male, else 0 

𝑰𝒍𝒊𝒄 Has license 1 if holds driving license, else 0 

𝑰𝒂𝒄𝒄 Car ownership 1 if owns car, else 0 

Then, we employed the MNL model to calculate the probability 𝑃 of replacing mode 

𝑀𝑖, where the detailed parameter could be found in our publication [1]: 

𝑃𝑀𝑖
=

𝑒𝑈𝑀𝑖

∑ 𝑒
𝑈𝑀𝑗5

𝑗=1

 

GHG emission reduction 

As previously outlined, quantifying GHG emission reductions from an SES trip involves 

calculating the difference in emissions between using SES and the replaced transport 

mode for the same trip. We employ a life-cycle analysis to get the emission factors of 

different transport modes accounting for production, operation, and disposal phases 

which can be summarized as follows. The emission of each mode 𝐸𝑀𝑖
 is calculated 

based on the emission factor 𝑘𝑀𝑖
 and trip distance 𝑑𝑀𝑖

. 

𝐸𝑀𝑖
= 𝑘𝑀𝑖

× 𝑑𝑀𝑖
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Table 2. Life-cycle CO2-eq emission factors (g per km) 

Mode Walking Bike PT Private car Taxi SES 

Production 0 18.75 7.14 29.45 29.45 35 

Operation 0 18.3 8.09 131.25 131.25 32.1 

Total 0 37.05 16.04 160.7 160.7 67.1 

Then, by aggregating five different modes by related emission and corresponding 

probability in a trip, we calculate expected emissions 𝐸𝐴𝑗
 without SES for each trip 

as 

𝐸𝐴𝑗
= ∑ 𝐸𝑀𝑖𝑗

×
5

𝑗=1
𝑃𝑀𝑖𝑗

 

By comparing the emission between aggregated 𝐸𝐴𝑗
 and SES, the emission reduction 

of SES 𝐸𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑗
 can be then estimated 

𝐸𝑆𝐸𝑆𝑗
= 𝑘𝑆𝐸𝑆 × 𝑑𝑆𝐸𝑆 

𝐸𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑗
= 𝐸𝑆𝐸𝑆𝑗

− 𝐸𝐴𝑗
 

Impact of regulation management 

Comparative research enables the evaluation of policy and management impacts by 

examining differences in key outcomes before and after a regulation introduced. An 

example is the Swedish government’s regulation of shared e-scooters, which took 

effect on September 1, 2022 in Stockholm. This regulation aimed at clarifying 

operational guidelines and enhancing safety, and comprises two principal provisions: 

• Shared e-scooters may only be parked in designated areas or bicycle racks; 

parking on footpaths and cycle paths is prohibited. 

• Riding shared e-scooters on footpaths is no longer permitted. 

This study investigates the quantitative effects of the regulation policy on e-scooter 

usage. We define two study periods: 1) Pre-policy period: August 1–31, 2022, serving 

as a baseline before the regulation; 2) Post-policy period: September 1–30, 2022, 

capturing patterns after implementation. 

By comparing usage patterns and systematic performances of SES across these 

intervals leveraging large-scale data, we assess how the regulation influenced e-

scooter sharing systems. We employ multiple methods to evaluate the effects of ther 

regulation policy, including regression discontinuity (RDD) analysis, T-test and 
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Kolmogorov-Smirnov test (KS-test). Together, these methods provide complementary 

insights into the regulation’s impact on e-scooter demand, usage patterns, and rider 

behavior. The main regression adopted in this RDD is specified as  

𝑌 = 𝛼0 + 𝛽𝑃 + 𝛾𝑇 + ∑ 𝜂𝑖𝑊𝑖
𝑛𝑖

𝑖
 

where 𝑌 is the daily outcome metrics. 𝑃 is a policy indicator. 𝑇 is the normalized 

time trend. 𝑊 denotes control variables that potentially affects 𝑌, such as weather, 

economic factors and built environment. 𝑊𝑖
𝑛𝑖 is the 𝜂𝑖th power of the weather factor 

𝑊𝑖. 𝜂𝑖 is determined based on Akaike Information Criterion. Daily e‑scooter trips and 

fleet size exhibit strong weekly and monthly cycles. To remove these seasonal patterns 

before RDD estimation, we apply a multiplicative seasonal decomposition, the indicator 

𝑌 at 𝑡 time step 𝑌𝑡  is assumed to be the product of the trend 𝑇𝑡 , seasonal 𝑆𝑡 and 

residual 𝑅𝑡 components: 

𝑌𝑡 = 𝑇𝑡 × 𝑆𝑡 × 𝑅𝑡 

Subsequently, the T-test and KS-test are utilized to further examine the detailed effects 

of the policy on mean values and distributions.  

Above methods provide methods to evaluate the impacts of regulations or 

management that already happened based on big data. In addition, effective SMS 

management requires forecasting and evaluation of future potential regulations. To 

evaluate the impacts of potential future regulations on SMS, we use LuTrans—a 

four‑step strategic transport planning model built on Sampers (Swedish national 

transport model). LuTrans generates demand estimates for four travel modes (car, 

public transit, bicycle, and walking). Although it is calibrated for multiple Swedish cities, 

this study employs the Stockholm‑specific version. Even though the model calculates 

the demand and the distribution of cycling trips, it does not assign it on the cycling 

network. The model has thus been adjusted to assign the cycling trips. The cycling 

network, roughly included in the model, has been refined and controlled for the inner 

city of Stockholm and is based on a shape file that Tyréns has developed for the city 

of Stockholm in 2022. To calibrate the model, especially for a better estimation of 

cycling demand, both Trafa’s RVU 2011-2017 and WSP’s own survey for post-

pandemic mobility studies 2020-2023 were used as basis. In this calibration process, 

focus was put on adjusting the trip distance and the mode share. First, trip distance 

and mode share were adjusted according to the average distance per trip mode (cars, 

car passenger, public transport, cycling and walking) and per trip purpose (work and 

other) for the whole region (Stockholm Region). Table 3 and Table 4 show respectively 

mode share and trip distance before and after calibration. 

Table 3. Mode share calibration. 

 Car 
Car 

passenger 

Public 

transport 
Walking Cycling 
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Mode share 

before 

calibration 

39% 4% 43% 10% 5% 

Mode share 

after 

calibration 

31% 4% 43% 10% 13% 

Target 33%  44% 11% 12% 

  

Table 4. Trip distance calibration. 

 Car 
Car 

passenger 

Public 

transport 
Walking Cycling 

Trip distance 

before 

calibration 

18.4 13.3 17.1 3.4 6.1 

Trip distance 

after 

calibration 

13.5 8.8 10.9 1.5 5.0 

Target 14.1 7.8 10.1 1.4 4.8 

  

After the general calibration of the model, a closer look at the mode share in the inner 

city of Stockholm. A targeted calibration was done in the inner city, the area being the 

area of interest. 

Table 5. Mode share calibration for the inner city of Stockholm. 

 Car 
Car 

passenger 

Public 

transport 
Walking Cycling 

Mode share 

before 

calibration 

12% 5% 33% 44% 6% 

Mode share 

after 

calibration 

11% 5% 38% 34% 12% 

Target 15%  33% 37% 14% 

 

Digital dashboard 

The methods and results described above have been encapsulated in an interactive 

web‑based dashboard. It presents key performance metrics for shared micromobility 

systems and performance changes before and after management interventions on an 

interactive map. Urban planners and SMS operators can utilize the digital dashboard 

to monitor and understand how the systematic performances of SMS changes and 

evolved based on continuous big data. It can also quantify and visualize the projected 
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changes in user benefits and system‑level outcomes due to regulation and 

management. 

Multiple-cities analysis and comparison for effective strategy  

Utilizing the developed approaches, we extended the analysis to other cities worldwide, 

leveraging massive data from over 100 EU cities, and to shed light on the correct 

strategies for more sustainable development of SMS in different urban contexts. The 

investigated EU cities are listed in Table 6. 

Table 6. List of multiple cities 

City Country City Country City Country City Country 

Aachen Germany Essen Germany Lahti Finland Recklinghausen Germany 

Augsburg Germany Flensburg Germany Leipzig Germany Reutlingen Germany 

Baerum Norway Frankfurt Germany Linkoping Sweden Rome Italy 

Basel Switzerland Frauenfeld Switzerland Linz Austria Rostock Germany 

Bath UK Fuerth Germany Liverpool UK Roubaix France 

Bergen Norway Gdansk Poland London UK Rushden UK 

Berlin Germany Gelsenkirchen Germany Lubeck Germany Saarbrucken Germany 

Bern Switzerland Gorzow Wielkopolski Lund Sweden 
Saint-Quentin- 

en-Yvelines 
France 

Bielefeld Germany Gothenburg Sweden Lyon France Sevilla spain 

Birmingham UK Grenoble France Mainz-Wiesbaden Germany Solingen Germany 

Bochum Germany Halle-Saale Germany Malaga Spain Southampton UK 

Bonn Germany Halmstad Sweden Malmo Sweden St.Gallen Switzerland 

Boras Sweden Hamburg Germany Marseille France Stavanger Norway 

Bordeaux France Hannover Germany Meerbusch Germany Stockholm Sweden 

Bourgoin-Jallieu France Heidelberg Germany Milan Italy Stuttgart Germany 

Bratislava Slovakia Heilbronn Germany Monchengladbach Germany Szczecin Poland 

Bremen Germany Helsingborg Sweden Muenster Germany Tampere Finland 

Bristol UK Helsinki Finland Namur Belgium Trondheim Norway 

Brunswick Germany Herford Germany Norrkoping Sweden Turin Italy 

Brussels Belgium Herning Denmark Northampton UK Turku Finland 

Budapest Hungary Hildesheim Germany Nuremberg Germany Uppsala Sweden 

Cambridge UK Ingolstadt Germany Odense Denmark Utrecht Netherlands 

Chemnitz Germany Innsbruck Austria Oldenburg Germany Vaasa Finland 

Cologne Germany Jonkoping Sweden Orebro Sweden Vasteras Sweden 

Corby UK Kaiserslautern Germany Oslo Norway Vienna Austria 

Darmstadt Germany Karlsruhe Germany Osnabrueck Germany Warsaw Poland 

Dortmund Germany Karlstad Sweden Oxford UK Wellingborough UK 

Drammen Norway Kassel Germany Paderborn Germany Winterthur Switzerland 

Dusseldorf Germany Kettering UK Palermo Italy Wolfsburg Germany 

Eindhoven Netherlands Kiel Germany Paris France York UK 

Erlangen Germany Klagenfurt Austria Portsmouth UK Zurich Switzerland 
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Eskilstuna Sweden Krakow Poland Potsdam Germany Zwickau Germany 
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Resultat 
SES usage patterns in Swedish cities 

We obtained SES trip records for 2022 totaling 1 752 237 transactions in Stockholm, 

630 896 in Gothenburg, and 714 378 in Malmö. Aggregated by SES vehicle, the 

average usage frequency per e‑scooter in Stockholm is the highest, nearly twice that 

in Gothenburg and Malmö. Figure 2 shows that trip‑distance distributions in all three 

cities are right‑skewed. Mean distances are 1.35 km in both Stockholm and Malmö, 

and 1.22 km in Gothenburg. Trip duration distributions follow a similar pattern, with 

mean trip duration of 9.88 minutes in Stockholm, 9.55 minutes in Gothenburg, and 

9.55 minutes in Malmö. Gothenburg also exhibits the lowest average trip speed, likely 

reflecting its distinctive topography and pronounced elevation changes. 

 

Figure 2. Descriptive statistics about SES trips in Stockholm, Gothenburg, and Malmö 

Substitution of SES to other transport modes 

We estimated the probability of each SES trip substituting another transport mode. 

Figure 3 reports the city‑average probabilities: in Stockholm, SES trips substitute 

walking (43.44 %), biking (4.60 %), public transit (43.29 %), private car (6.81 %), and 

taxi (1.85 %). Over 80 % of Stockholm’s e‑scooter trips replace walking or transit. The 

high walking‑substitution rate (43.44 %) likely reflects short trip distances and 

convenient pedestrian infrastructure. Although 43.29 % replaced public transit, only 

1.85 % replace taxis due to high taxi fares and short distances. An estimated 6.81 % 

substitute private cars, while 4.60 % substitute private bikes. Malmö exhibits a nearly 

identical pattern. In Gothenburg, the probability of substituting public transit is higher 

and substituting private cars is lower than in Stockholm and Malmö. 
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Figure 3. The probabilities of SES trips replacing other transport modes in three cities 

We found that substitution probabilities strongly depend on SES trip distance. 

Specifically, Figure 4 shows that roughly 54.5 % of SES trips under 500 m in 

Stockholm replace walking; similar shares occur in Gothenburg (50.6 %) and Malmö 

(48.8 %). As distances increase, the likelihood of replacing walking declines sharply 

(especially beyond 2 km) while the probability of substituting public transit rises. This 

trend reflects users’ preference for faster modes (e.g. PT) on longer trips that are no 

longer walking‑friendly. Although the three cities exhibit similar distance‑dependent 

patterns, the probability of walking substitution at a given distance varies by city, 

reflecting differences in alternative‑mode availability and service quality. 

 

 

Figure 4. The relation of distance and substitution likelihood of SES to walking 

Within the 500 m range, 35.1 % of SES trips in Stockholm replace PT, compared with 

39.6 % in Malmö and 37.7 % in Gothenburg (Figure 5). For distances over 4 km, 

Stockholm still shows the lowest PT substitution. Across all cities, PT substitution 

increases with distance, as walking becomes impractical for longer trips. The more 

pronounced PT replacement in Gothenburg and Malmö suggests that SES supplants 

a greater share of transit trips there than in Stockholm. 
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Figure 5. The relation of distance and substitution likelihood of SES to PT 

Figure 6 presents substitution to private cars: in Stockholm, the rate rises from 5.4 % 

to 8.9 % as distance extends to 5 km; in Gothenburg from 7.2 % to 12.7 %; and in 

Malmö from 7.1 % to 11.8 %. A parallel pattern holds for private bikes (Figure 7), with 

bike substitution climbing from 3.7 % to 5.2 % in Stockholm, 3.4 % to 4.7 % in 

Gothenburg, and 3.2 % to 4.2 % in Malmö. 

Taxi substitution also increases with distance but remains low (Figure 8): 1.2 %–6.2 % 

in Stockholm, 1.0 %–4.9 % in Gothenburg, and 1.3 %–5.3 % in Malmö. A Monte 

Carlo–based sensitivity analysis shows that even a 50 % change in car availability 

alters car substitution by only 12 %, and a 50 % change in bike availability alters bike 

substitution by 28 %. Given the low overall availability of cars and bikes on SES trips, 

these factors do not significantly affect results. Trip distances of using SES chiefly limit 

car substitution. 

These results reveal nuanced, distance‑ and trip‑specific variations in mode 

substitution, underscoring the value of trip‑level analysis for reliable and 

high‑resolution insights into how SES trips replace other transport modes. 

 

Figure 6. The relation of distance and substitution likelihood of SES to private car 
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Figure 7. The relation of distance and substitution likelihood of SES to private bike 

 

Figure 8. The relation of distance and substitution likelihood of SES to Taxi 

GHG emission reduction from SES 

Figure 9 encapsulates the average reduction in GHG emissions per trip 𝐸𝑀, expressed 

in equivalent CO2 units, arising from SES trips in Stockholm, Gothenburg, and Malmö. 

Positive values in Figure 9 indicate that SES trips decrease CO₂ emissions relative to 

the substituted mode in a hypothetical no‑SES scenario. Negative values indicate 

increased emissions. On average, SES trips in Stockholm, Gothenburg, and Malmö 

increase CO₂ emissions by 34.58 g, 21.18 g, and 24.07 g per trip, respectively based 

on our estimation. This suggests that SES does not reduce life-cycle CO2 emissions in 

these cities, due to its higher life‑cycle emission factors compared with walking, cycling, 

and public transit, combined with its high substitution of those modes. 

 

Figure 9. Equivalent CO2 reduction per SES trip 

The average daily trips in our data were 8 343 (Stockholm), 3 004 (Gothenburg), and 

3 277 (Malmö). Given 35 % market share of the operators where our data are from, 

total daily SES demand is estimated at 23 837, 8 583, and 9 363 trips. Aggregating 

annual impacts yields CO₂ increases of 300.86 t (Stockholm), 66.35 t (Gothenburg), 

and 82.26 t (Malmö). Nevertheless, a subset of SES trips yields CO₂ reductions: 

19.20 % in Stockholm, 24.22 % in Gothenburg, and 23.94 % in Malmö. Trip‑level 

variation is large (SD = 106.91 g in Stockholm; 109.69 g in Gothenburg; 114.06 g in 

Malmö), as shown in Figure 9. 

Spatial variation in environmental impact and reducing user travel time of SES 
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Figure 10 illustrates that SES tends to yield an increase in CO2 emissions (depicted in 

red) in the majority of zones within the three Swedish cities, particularly in central areas. 

A plausible explanation for this phenomenon lies in the well-established public 

transport infrastructure and shorter trip distances within the central areas. These 

factors elevate the likelihood of SES trips replacing eco-friendly transport modes such 

as walking and public transit, increasing in CO2 emissions considering life-cycle 

emissions of SES. We further highlight this trend, indicating that merely 8.3% of 

analysis zones in Stockholm, 7.48% in Gothenburg, and 2.02% in Malmö exhibit CO2 

emission reduction derived from SES. Notably, the positive environmental impact of 

SES is discernible in only 2.02% of urban contexts in Malmo, underscoring the 

importance to reevaluate the environmental sustainability of SES deployment in certain 

metropolitan areas.  

The zones manifesting CO2 emission reductions from SES are predominantly situated 

in some suburban areas of the three cities delineated in Figure 10. This tendency may 

be attributed to the less accessible public transit options in these suburban areas and 

longer average trip distances, thereby enhancing the likelihood of SES replacing 

private cars or taxis associated with higher emissions. However, it is noteworthy that 

SES in most suburban areas in Figure 10 still exhibit an increase in CO2 emissions, 

potentially due to short-distance SES trips predominantly replacing walking or private 

bike. A consistent finding across the three cities is the marked variation in terms of CO2 

emission reduction from SES in different contexts. This nuanced spatial variation 

underscores the necessity of tailoring SES deployment strategies based on the specific 

urban context. From an environmental perspective, SES promotion should be 

judiciously implemented in areas exhibiting positive effects in reducing CO2 emission, 

while caution is warranted in regions with pronounced negative impacts. This analytical 

insight reinforces the merits of our trip-level analysis, as traditional aggregated-level 

analyses based on surveys found in prior literature often fall short of revealing such 

spatial differentials in the impacts of shared micro-mobility. 
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Figure 10. Average GHG reduction per trip in different zones (eq-CO2) 

We also calculated the cumulative reduction in CO2 emissions for all trips originating 

from a specific zone daily. This result enables us to ascertain the cumulative CO2 

emission reduction across different analysis zones presented in Figure 11. The results 

show that the daily cumulative CO2 emission increases stemming from SES are more 

pronounced in the central regions of the three cities. By integrating the findings 

concerning the average CO2 emission increases per trip in Figure 11, it can be inferred 

that the higher cumulative CO2 emission increases in central zones are a consequence 

of higher daily demand within these areas. Conversely, the cumulative CO2 emission 

reductions in analysis zones exhibiting positive impacts are relatively inconspicuous, 

potentially stemming from limited demand in these analysis zones. 

 

 

Figure 11. Average GHG reduction of daily trips in different zones (eq-CO2) 

By comparing the travel time changes between SES and replaced alternatives, the 

SMS mainly saves on average 5.7 to 6.1 minutes per trip as depicted in Figure 12. 

These savings are not uniformly distributed in the urban area, where the largest 

temporal benefits, frequently exceeding six minutes, are tightly clustered in the dense 

urban cores and along major arterial corridors, where pedestrian and transit speeds 

are lowest and street‑network connectivity is highest. In contrast, outlying residential 

and suburban neighborhoods experience more modest reductions of roughly two to 

four minutes, as higher car speeds and longer trip distances diminish the relative SES 

advantage. 
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Figure 12. Average reduced travel time per trips in different zones (minutes) 

 

Since our analysis indicates that the environmental benefits of SES fall short of 

expectations, we further explore how much the life‑cycle emission factor must be 

reduced that involves reducing the life-cycle emissions of SES through improvements 

in sustainable production, efficient operational practices (e.g., effective rebalancing 

and deployment), and disposal methods (e.g., recycling). We find that driving the SES 

emission factor down to approximately 41.44, 49.60 and 49.16 CO2 eq-g/km, the 

overall emission impact of SMS attains net-zero, as depicted by green dash in Figure 

13. These quantitative findings furnish valuable benchmarks and guidance for city 

planners and managers, offering targets for enhancing SES sustainability through 

improvements in production, operation, and disposal practices. 

 

Figure 13. Balanced emission factor points among three cities 
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The impacts of regulation and management measures on SES 

Considering the regulation changed on September 1, 2022, in Stockholm, which 

comprises two principal provisions: 1) shared e-scooters may only be parked in 

designated areas or bicycle racks; parking on footpaths and cycle paths is prohibited; 

and riding shared e-scooters on footpaths is no longer permitted. Figure 11 displays 

the changes in daily demand for e‑scooter trips in three cities after the implementation 

of the e‑scooter policy. The color scales represent the change in the number of trips, 

with purple indicating a decrease and yellow indicating an increase. For Stockholm in 

Figure 11, the map shows a mix of increases and decreases in demand across 

different areas. There are significant decreases in demand in several central areas, 

indicated by the darker purple colors. Some peripheral areas show slight increases in 

demand, as seen in the yellow and green patches. The policy led to a reduction in trips 

to the central areas of Stockholm.  

 

Figure 14 Spatial changes in daily demand. 

Figure 15 shows how average SES trip characteristics in Stockholm shifted after the 

policy went into effect. Suburb areas exhibit a clear contraction, such as theaverage 

trip durations fell by 1–1.5 minutes and trip distances declined by up to 300 m, 

accompanied by modest slowdowns of roughly 0.2–0.8 m/s in mean speed. In contrast, 

the central area saw average trip distances increase by approximately 100–300 m and 

speeds rise by 0.2–0.6 m/s, yet durations remained largely unchanged, suggesting that 

central riders took advantage of improved operational efficiency, faster vehicle 

availability or fewer interruptions, without materially altering their time on the scooter. 
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Figure 15. Changes in spatial patterns of trip characteristics 

Figure 16. maps the changes in total time saving in month and average time saving 

per trip at aggregated level. In Figure 16 (a1), large portions of the central service 

area turn purple (–2,500 to –7,500 min), indicating that the aggregate time, saving 

benefit of e‑scooters in downtown Stockholm fell sharply after the policy. In Figure 

16(a2), the per‑trip time‑saving change is more evenly mixed, as many central areas 

show slight declines (–50 to –200 s) but numerous fringe area exhibit positive gains 

up to +200 s, indicating that although fewer rides occur downtown, each remaining 

peripheral ride saves more time on average. 
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Figure 16. Spatial patterns of changes in time saving 

Figure 17 shows the total monthly GHG emission reduction and average GHG 

reduction per trip. In Figure 17 (a1), the monthly GHG emission benefits in the central 

area reach up to 8000 g CO₂; however, in the suburb area, the SES bring more 

emissions. In other words, after the policy fewer trips in the central area drove down 

cumulative emission savings, even as some outlying neighborhoods saw an uptick in 

overall reductions. Figure 17 (a2) shows a more mixed impact, that suburb trips bring 

substantially more emissions on average, whereas several central area trips bring a 

slight per‑trip loss of benefit downtown. 

 

Figure 17. Spatial patterns of GHG emission reduction 
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For the regulation and management that may be adopted in the future, a regulated 

shared micromobility parking scenario has been studied. WSP’s own survey for post-

pandemic mobility studies 2020-2023 shows that 25% of micromobility is done by 

shared e-scooters, we have thus assumed that 25% of cycling trips in LuTrans 

correspond to e-scooter trips. Such a regulation in parking for shared e-scooters leads 

to a reduction of 31% for the market share of e-scooter sharing with an absolute drop 

of 8 380 trips accordingly, the scenario with no restriction having a total of 27 000 daily 

trip for shared micromobility calibrated by latest RVU, summarized details of results 

can be found in the Table 6 below. 

Table 6. Result summary for baseline and future scenario. 

 Modeled Micromobility Shared Micromobility 

Scenario Baseline 
Restriction 

Scenario 
Baseline difference 

Total daily trips 107987 99607 27000 -31% 

 

Benefit from a visualization tool developed by CERO, Figure 18 below shows the 

accessibility from employees’ home postal code areas to a single workplace address 

(the World Trade Center at Klarabergsviadukten, Stockholm). It maps each employee’s 

travel time ratio between micromobility (max speed 17–18 km/h) and car. Colors 

correspond to the ratio scale at the top of the image. Green indicates a ratio below 1.5, 

meaning that micromobility yields a travel time at least two thirds as fast as driving in 

the weekday morning peak (08:00). This example illustrates how competitive 

micromobility can be in dense urban regions and helps explain why surveys in central 

Stockholm record high shares of walking, cycling, and e-cycling. Analysis of survey 

data from central Stockholm workplaces shows that micromobility and walking together 

capture about 31 % of commute trips. 
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Figure 18. Accessibility of SMS in Stockholm 

 

Digital dashboard development for utilizers  

We develop a digital dashboard that can be used by stakeholders integrating the high-

resolution assessment framework and approaches we have developed. The merit of 

the dashboard is that the stakeholder can use latest trip transaction data from 

operators to understand and monitor the systematic performances of SMS in different 

urban contexts, and analyze the impacts of policy and management measures using 

an interactive dashboard. First, we created a user upload interface, as shown in 

Figure 19, that allows users to submit their own SMS data. 
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Figure 19. Upload interface of web dashboard 

We then integrated the high-resolution framework and approaches we developed into 

the dashboard, enabling users to perform impact analyses in terms of SMS demand, 

real time operational metrics (vehicle count, speed, trip duration, trip distance), 

estimations SMS substitution to other transport modes, and GHG and efficiency 

analysis. As shown in Figure 20 to Figure 29, users can adjust the analysis interval 

from minute to month, to support both micro-level and macro-level insights. All results 

are presented as quantitative statistics and map-based visualizations, and side by side 

comparisons help users derive actionable insights on the impacts of various policy and 

management measures.  



   

 

 

30 

 

Figure 20. Dashboard: demand analysis 

Figure 20 and Figure 21 present SES demand in Gothenburg from January 4 to 

January 12. Trip demand and vehicle counts exhibit a right‑tailed distribution, reflecting 

variations in weather and day‑of‑week. Spatially, the primary operating area is 

concentrated in central Gothenburg, while suburban areas show lower demand and 

fewer vehicles. 

 

 

Figure 21. Dashboard: number of vehicles 
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Figure 22, Figure 23, and Figure 24 illustrate trip‑level riding speed, duration, and 

distance. Contrary to demand patterns, suburban trips exhibit higher speeds, longer 

durations, and greater distances. 

 

Figure 22. Dashboard: trip speed 

 

Figure 23. Dashboard: trip duration 
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Figure 24. Dashboard: trip distance 

 

Figure 25.Dashboard: modal substitution 

Figure 25 illustrates the spatial distribution of mode‑substitution effects. At the trip 

level, walking and public transport are the dominant substitution modes (47.96 % and 

47.56 %, respectively). These insights can guide the integration of SES with the 

public‑transport network and assist transit agencies in accounting for SES’s 

complementary effects. 
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Figure 26. Dashboard: GHG emission reduction 

Figure 26 and Figure 27 illustrate spatial differences in SES environmental impact 

(GHG emissions) and operational efficiency (time savings), with hourly variation 

available in the dashboard. Central areas perform worst showing the highest net CO₂ 

increases and the smallest time savings, while peripheral zones exhibit lower 

emissions impacts and greater reductions in travel time. Together, these spatial and 

temporal insights can help city planners and SMS operators target regulations or 

incentives. For example, tightening fleet caps in central districts during peak hours, or 

encouraging off‑peak usage in suburbs to maximize both environmental and service 

benefits. 
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Figure 27. Dashboard: reduced travel time 

Apart from the systematic analysis, we also implemented a comparison tool that takes 

two timeframes (January 2–8 versus January 9–15). Comparing demand, the second 

week saw a 19.89 % increase in average daily trips (Figure 28), with spatial demand 

differences mapped accordingly. In Figure 29, GHG emissions show a 12.9 % change 

in daily emission reduction, concentrated in the central area. These side‑by‑side 

comparison results offer policymakers a clear and actionable view for adjusting 

management strategies. 

 

Figure 28. Dashboard: comparison analysis on demand 
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Figure 29. Dashboard: comparison analysis on emissions 

 

Over 100 EU cities analysis and comparison   

Extending the assessment and analysis to other EU countries, we found that most 

shared e-scooter trips replaced walking and public transit. Given that the routines and 

schedules of public transit and the costs of other modes vary across different cities. 

We then calculated and compared the aggregated results at the city and country levels.  

As shown in Figure 30, the average probability of replacing private car trips is around 

8% to 12% in the 16 countries we analyzed. Norway and Switzerland achieve the 

highest replacement of private car usage, which suggests that shared e-scooters 

significantly reduce private car usage in these countries. In contrast, in countries like 

Poland and Spain, e-scooter trips may partially replace private car usage to a lesser 

extent than in other countries. The reason behind this could be the trade-off between 

the ownership of a private household car, the cost of travel, and the travel time of other 

transportation modes. 

Specifically, most cities in Belgium, Denmark, the Netherlands, Sweden, Switzerland, 

and the United Kingdom exhibit increases in GHG emissions due to shared e-scooter 

systems because of the high probability of replacing walking and public transport. It 

also indicates that these systems contribute more emissions compared to scenarios 

without shared e-scooters. In contrast, cities in Austria, Finland, and Germany show 

changes close to zero, suggesting that the shared e-scooter system does not impose 

an additional GHG burden on their transportation systems. Conversely, in cities such 

as France, Italy, Poland, Slovakia, and Spain, shared e-scooter result in significant 

reductions in GHG emissions, demonstrating that the system effectively promotes a 

greener and more environmentally friendly impact. This is highly related to the 
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probability of replacing private car and taxi trips, especially where public transport is 

less popular and taxi and private car travel dominate over public transportation and 

walking.  

 

 

Figure 30. Country‑level substitution modes of SES 
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Slutsats, lärdomar och nästa steg 
This project offers new evidence on the real-world sustainability performance of SES, 

based on a trip level analysis in three Swedish cities and benchmarked against other 

European contexts. We find that in Swedish cities, over 80 % of SES trips replace 

walking or public transit, and as a result life-cycle CO₂ emissions actually increase from 

a systematic perspective. This contradicts the widespread belief that SMS is inherently 

an low carbon mode. However, evidence from other European cities (where transit 

infrastructure is less comprehensive, and car use is higher in urban context) shows 

that SMS can yield substantial net GHG reductions. One insight we acquire is that the 

environmental impact of SMS is highly urban context dependent. 

While concerns regarding the life-cycle emissions of SES in certain urban contexts are 

valid, it is important not to undervalue their broader contributions to transport system 

performance. Our analysis demonstrates that SES can yield significant reductions in 

user travel time, a critical metric for evaluating transport efficiency and accessibility. In 

the discourse on sustainability, emissions reduction is essential, but it should not come 

at the expense of system-wide efficiency gains that enhance mobility and urban 

accessibility. If emissions minimization were the sole priority, walking would be the 

default mode for all trips. However, such an approach neglects the practical needs for 

efficiency, accessibility, flexibility, and connectivity in modern urban environments. The 

overarching goal of sustainable transport systems is not simply to reduce emissions, 

but to balance environmental objectives with improvements in efficiency and user 

experience. Our research contributes to this discourse by providing a quantitative 

assessment of the dual impacts of SES both in terms of GHG emissions and travel 

time savings across different city contexts using real-world and field-based big data. 

These insights equip policymakers, planners, and operators with empirical evidence to 

conduct context-sensitive cost-benefit analyses and inform more balanced decisions 

in the planning, regulation, and management of SES deployments. 

SES must be understood as a complex transportation sub-system whose effects 

cannot be summarized by citywide aggregates alone. Our trip level framework, 

bringing together largescale use data, domain knowledge and life-cycle assessment, 

reveals how substitution of SES to other transport modes varies with trip distance, time 

of day, origins and destinations, and the availability of alternative modes. This fine-

grained perspective shows that any SES deployment must be closely aligned with 

existing transport networks and local infrastructure if it is to achieve its sustainability 

potential.  

The limited GHG emission reductions associated with SES deployment in Swedish 

cities highlight a critical challenge: a significant proportion of SES trips are substituting 

for already low-emission modes such as walking and public transit. This substitution 

pattern undermines the environmental benefits of SES and calls for a more strategic 

integration of micromobility within the broader urban transport system. To enhance the 
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sustainability of SES, future deployment strategies must be developed in close 

coordination with existing transport networks, with particular attention to fleet sizing, 

vehicle staging locations, and dynamic pricing schemes. These elements should be 

optimized to encourage modal shifts from high-emission transport options such as 

private cars, rather than from inherently sustainable modes. At the same time, the 

efficiency and accessibility improvements provided by SES remain important and 

should not be overlooked. Urban mobility planners are therefore faced with an inherent 

trade-off between maximizing system efficiency and minimizing environmental impact. 

The ideal scenario is one in which SES contributes to both objectives. However, 

achieving this balance requires deliberate policy design. One promising strategy that 

has received increasing attention is the integration of SMS with public transit systems. 

Such integration can extend the reach of transit networks, improve first- and last-mile 

connectivity, and potentially shift users away from private vehicle use, thereby 

advancing both sustainability and efficiency goals concurrently. Moreover, from the 

perspective of reducing GHG emissions, it is recommended to develop SES or other 

SMS in suburban areas because of higher substitution to car trips. However, SMS 

operators have challenges running their systems in suburban areas due to low 

utilizations in these areas, which consequently results in finance issues and no feasible 

long-term operations. The future solution is that city and SMS operators should develop 

new business models together to encourage operations of SMS in suburban areas with 

both larger efficiency and sustainability benefits at the system level. As SMS leads to 

systematic benefits, the city can provide subsidies to SMS operators to run their 

systems in these areas, which will be quantified based on quantitative evaluations of 

the systematic benefits.  

Policy and regulation were found to significantly influence the outcomes. As battery 

and vehicle technologies continue to reduce lifecycle emissions, cities can amplify 

those gains through measures such as deployment scale in central districts, 

geofencing to encourage use in underserved suburbs, and integration of fares and 

timetables with public transit. By combining trip level evidence with proactive 

management, urban authorities can transform SES from a source of unintended 

emissions into a tool for efficient, equitable and truly low carbon mobility. 

The digital dashboard we have developed serves as a good analytical and decision-

support tool for city authorities and SMS operators, enabling systematic monitoring of 

SMS performance using large-scale and field-derived data. By capturing real-time and 

historical operational metrics, the dashboard facilitates a nuanced understanding of 

how SMS systems respond to various regulatory frameworks, policy interventions, and 

management strategies. Its current implementation provides stakeholders with a 

comprehensive and user-friendly platform to assess spatial and temporal trends, 

evaluate system efficiency, and support data-driven policymaking in diverse urban 

contexts. The tool is presently offered free of charge to cities and relevant stakeholders 

as part of our commitment to fostering informed mobility governance and supporting 

the sustainable integration of SMS into urban transport systems. Looking forward, the 
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dashboard is set to be enhanced with additional functionalities tailored to evolving and 

market-oriented demands, including predictive analytics, multimodal integration, and 

customized reporting features. In parallel, we are actively exploring avenues for 

commercialization to ensure long-term viability, scalability, and continued innovation 

through strategic partnerships and investment.   
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Spridning och publikationer 
The research findings and digital tools developed in this project have been effectively 

disseminated to a wide range of key stakeholders involved in the planning, regulation, 

and operation of SMS. These include municipal authorities such as Stockholms Stad 

and Göteborgs Stad, SMS operators including VOI and TIER, and public transport 

agencies such as Västtrafik. Dissemination was carried out through structured partners 

and reference group meetings, academic seminars, and professional conferences, 

ensuring a high level of engagement and relevance. The outcomes have been directly 

utilized by our partner, Stockholms Stad, to inform evidence-based assessments, 

regulatory frameworks, and strategic planning efforts aimed at enhancing the 

sustainability and operational efficiency of SMS systems. 

Notably, the digital dashboard developed as part of this research has proven to be a 

versatile and scalable tool, capable of being adapted to different urban contexts given 

the availability of appropriate data. Its functionality has been demonstrated to a broad 

audience of stakeholders across Sweden and the European Union through platforms, 

including the DriveSweden online seminar, the Swedish Transportation Research 

Conference 2024, and the POLIS Conference 2024. Additionally, targeted 

dissemination has taken place through dedicated partner meetings with Västtrafik and 

Uppsala Region, further supporting regional uptake and application. These knowledge 

transfer activities underscore the practical value and transferability of our research. 

The project has produced two peer-reviewed journal publications in top-tier academic 

journals, both ranked in the first quartile (JCR Q1): Sustainable Cities and Society and 

Applied Energy. These publications reflect the scientific rigor and relevance of 

research. In parallel, the project has been actively disseminated through three major 

academic and professional conferences: the Swedish Transportation Research 

Conference 2024, the POLIS Conference 2024, and the KES-STS-24 Symposium. 

These presentations have facilitated knowledge exchange with a broad audience of 

scholars, policymakers, and industry stakeholders, reinforcing the project impact and 

its applicability to real-world transport planning and policy development. 
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Drive Sweden är ett av regeringens sjutton strategiska 

innovationsprogram (SIP). Drive Sweden består av partners från 

akademi, industri och samhälle och tillsammans tar vi oss an 

utmaningarna kopplade till nästa generations mobilitetssystem för 

människor och varor. SIP-programmen finansieras av Vinnova, 

Formas och Energimyndigheten. Lindholmen Science Park AB är värd 

för Drive Sweden. 


