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Background and Goals

• Shared micro-mobility system (SMS, e.g., e-scooter, e-
bike, bike and e-moped)

• Regarded as low-budget alternative and potential 
environmentally friendly travel choices

• Prosperous development in EU 

• Challenges: System performance evaluation and

monitoring; Parking issues; Low system efficiency; 

High system costs; Integration with public transit;  

Safety issues (improved)

• Municipal authorities and SMS operators are actively 

seeking efficient solutions to these challenges to 

foster the long-term sustainability of SMS across 

various urban landscapes

Figure source: h ttps://highways.dot.gov/public-roads/spring-2021/02

Figure source: www.voi.com

http://www.voi/
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Background and Goals

• Objective 1: A big-data and high-resolution assessment framework 

for quantifying the user and system impacts of different types of SMS in 

different city contexts based on field big data with demonstration case 

studies in Swedish cities.

• Objective 2: A digital dashboard prototype to analyse and assess the 

impacts of different management measures (implemented or planned) 

on the performances of different SMS based on field big data and high-

grained simulation.

• Objective 3: Conducting empirical analysis of multiple cities based on 

big data to improve the sustainability and efficiency of different SMS.

Partners: Chalmers, Stockholms Stad, WSP, CERO

Tid: September 2023 - March 2025
Tagg: Shared micro-mobility, digital solutions
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Insights from big data: substitution and emission impacts

GHG Emission reduction

8.6%, 10% and 11% positive impact

   

Modal substitution rate

   91.34%, 89.75% and 89.2% replace walk, bike or transit

❑ Spatiotemporal Usage patterns: demand, trip 

characteristics (speed, duration, distance)
❑ Modal substitution
❑ Accessibility 

❑ Emission reduction 
❑ Reduced travel time

❑ Complete data

❑ Trip-level inference approach

❑ High-resolution impact analysis

• E-scooter sharing systems

• Result in Stockholm, Gothenburg and Malmo

• One year (2022) data from two operators
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Average GHG 

reduction per trip

Average reduced 

travel time per trip

8.3%, 7.5% and 2.0% positive impact

Insights from big data: emission and reducing user travel time
Spatial variation of GHG emission and travel time reduction

All zones positive impact

Reduce 6.1 min per trip

Stockholm

Reduce 6 min per trip

Gothenburg

Reduce 5.7 min per trip

Malmo
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Insights from big data: emission and reducing user travel time

Balance points

GHG emission impacts depends on life-cycle emission factors of e-scooter sharing, usage patterns 

and substitution to other transport modes

Stockholm Gothenburg Malmo
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Insights from big data: 142 EU cities in 16 countries 

Probability of replacing private cars

❑ 6.5% -13.1% 

❑ On average 10%.

Probability of replacing ride-hailing

❑ 0.5% - 29.0%

❑ On average 8%

❑ Poland, Spain, and Slovakia have the 

highest probabilities.

❑ Norway has the low probability due to 

relatively high cost.
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Probability of replacing walking

❑ 19.2% - 46.6%

❑On average 35.4%

Probability of replacing transit

❑ 20.7% - 50% 

❑On average 38.6%

Insights from big data: 142 EU cities in 16 countries 
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GHG reduction per e-scooter trip

❑ -50.7-85.9 eq-𝐶𝑂2/g 

❑ On average, 11.07 g CO2-eq

❑ France, Hungary, Italy, Poland, Slovakia, and Spain 

have a net GHG reduction. 

❑ For the other 10 countries, overall negative GHG 

reduction

Reduced travel time per e-scooter trip

❑ 3.1 minutes to 6.4 minutes

❑ On average, 5.2 minutes

❑ UK, Switzerland, Sweden, Norway, Germany, 

Finland top in reduced travel time 

Insights from big data: 142 EU cities in 16 countries 
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Insights from big data: 142 EU cities in 16 countries 

g/eq−CO2

Reduced travel time    vs   Increased GHG emissions

GHG reduction per trip (g/CO2)

• City level comparison between GHG emission and travel time 

reduction 



Effects of implemented/planned policy on SMS systems based on big data

E-Scooter Parking Policy (1. September 2022)

➢ E-scooters may not be parked on footpaths and cyclepaths. Parking is only permitted in cycle racks 
or designated places.
• Exception: Gothenburg still allowed e-scooters to be parked on footpaths, but not cyclepaths.

➢ E-scooters may no longer be ridden on footpaths.

Stockholm Gothenburg Malmö

Number of Days - Before

#Total, #Fridays, #Weekends

22, 2, 6 18, 1, 5 20, 0, 6

Number of Days - After

#Total, #Fridays, #Weekends

22, 3, 6 18, 3, 5 20, 3, 6

Number of Trips - Before 269,784 38,814 60,485

Number of Trips - After 226,130 27,346 54,854



Spatial Distribution of Daily Demand
S

T
O

C
K

H
O

L
M

G
O

T
H

E
N

B
U

R
G

M
A

L
M

Ö

Daily Average Cumulative Demand per AZ (Origin-based) Daily Average Cumulative Demand per AZ (Destination-based)



Usage Efficiency

Total Usage Frequency: 

decrease in all cities

• Daily Usage Frequency: 

decrease in all cities

• Average daily number of 

scooters:

o STH: 3.5% decrease

o GBG: 9.6% decrease

o MÖ: 14.4% decrease

Total Usage Frequency Daily Usage Frequency Per scooter per Day
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GHG Emission Reduction, Spatially
Average GHG emission reduction per AZ (trip-level) Average Daily Amount of GHG emission reduction
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Digital tools for abovementioned functions for analyst, planner and 

manager based on big data (methods from 7 JCR1 publications)

❑ Spatiotemporal Usage patterns: 

demand, trip characteristics 
(speed, duration, distance)

❑ Modal substitution

❑ Accessibility 
❑ Emission reduction 

❑ Reduced travel time

Dashboard link

Username: guestMay2025

Password: guestpass2025
Trial guest account:

https://smsdashboard.pythonanywhere.com/
https://smsdashboard.pythonanywhere.com/


Thanks for Your Attention 

Kun Gao

gkun@chalmers.se
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