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Abstract

Shared stand-up electric scooters are now offered in many cities as an option for short-term rental, and
marketed for short-distance travel. Using life cycle assessment, we quantify the total environmental
impacts of this mobility option associated with global warming, acidification, eutrophication, and
respiratory impacts. We find that environmental burdens associated with charging the e-scooter are
small relative to materials and manufacturing burdens of the e-scooters and the impacts associated
with transporting the scooters to overnight charging stations. The results of a Monte Carlo analysis
show an average value of life cycle global warming impacts of 202 g CO,-eq/passenger-mile, driven by
materials and manufacturing (50%), followed by daily collection for charging (43% of impact). We
illustrate the potential to reduce life cycle global warming impacts through improved scooter
collection and charging approaches, including the use of fuel-efficient vehicles for collection (yielding
177 g CO,-eq/passenger-mile), limiting scooter collection to those with alow battery state of charge
(164 g CO,-eq/passenger-mile), and reducing the driving distance per scooter for e-scooter collection
and distribution (147 g CO,-eq/passenger-mile). The results prove to be highly sensitive to e-scooter
lifetime; ensuring that the shared e-scooters are used for two years decreases the average life cycle
emissions to 141 g CO,-eq/passenger-mile. Under our Base Case assumptions, we find that the life
cycle greenhouse gas emissions associated with e-scooter use is higher in 65% of our Monte Carlo
simulations than the suite of modes of transportation that are displaced. This likelihood drops to
35%-50% under our improved and efficient e-scooter collection processes and only 4% when we
assume two-year e-scooter lifetimes. When e-scooter usage replaces average personal automobile
travel, we nearly universally realize a net reduction in environmental impacts.

1. Introduction

With a small electric motor and a deck on which a
single rider stands, stand-up scooters are designed to
transport riders short distances around urban settings.
Ride share companies are introducing fleets of these
vehicles into urban areas, allowing participants to rent
the scooters for short periods of time. Dockless ride
sharing allows the scooters to be left at a final
destination of the user, ultimately to be retrieved by
the next user or picked up for charging.

Dockless shared e-scooters are touted as a solution
to the last-mile problem, a means to reduce traffic

congestion, and an environmentally preferable mode
of transportation [1, 2]. While these e-scooters have no
tailpipe emissions, full consideration of the life cycle
impacts is required to properly understand their
environmental impacts. In this study, we use life cycle
assessment (LCA) to quantify the total global warm-
ing, acidification, eutrophication, and respiratory
impacts of shared dockless electric scooters. The goal
of this study is to identify the key drivers for adverse
environmental impacts, to offer reccommendations on
policies or practices that would reduce these impacts,
and to compare the overall impacts to other modes of
transportation.

©2019 The Author(s). Published by IOP Publishing Ltd
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To the best of our knowledge, this is the first peer
reviewed study that comprehensively examines the
environmental life cycle impacts of shared e-scooters.
Life cycle approaches have been used extensively to
address comparable questions for other transporta-
tion technologies. For example, other studies have
examined alternative transportation options, includ-
ing electric vehicles [3, 4], car-sharing programs [5],
autonomous vehicles [6], and electric bicycles [7, 8], as
well as full urban transportation systems [9] and com-
parisons across two-wheel vehicles [10, 11].

Although it is not peer reviewed, Chester pub-
lished the results of an LCA on shared dockless
e-scooters that is most relevant to our analysis [12].
This study included impacts from materials and man-
ufacturing, collection and distribution, charging, and
disposal of e-scooters. Results show that manufactur-
ing and materials are responsible for the most life-
cycle CO, emissions, followed by collection and dis-
tribution and charging of the scooter, for a total of
320 g CO,/mile in the best-case scenario. While simi-
lar to our study’s goal, our analysis extends this work
by collecting detailed primary data for the materials
inventory, daily e-scooter usage, and survey data on
transportation modes being displaced, among other
differences.

Compared to e-scooters, far more research has
been conducted on the environmental impacts of
bicycles, electric bicycles, mopeds, and motorcycles.
In 2001, Zhang et al quantified the life cycle environ-
mental impacts of electric bike applications in Shang-
hai and found that electrification improved the
environmental performance of many, but not all,
impact categories relative to gasoline-powered motor-
bikes [7]. Cherry studied life cycle environmental
impacts of personal electric two-wheelers (moped
scooters) on the transportation system in China [8],
finding that the materials burdens far outweighed the
impacts from assembly, that there were considerable
emissions attributable to charging, and that the
adverse impacts from the lead batteries was high. (For
modern e-scooters, lead batteries have been replaced
with lithium-ion batteries.) These e-bikes were found
to have lower life cycle emissions than cars per mile
traveled across all pollutants examined, with most life-
cycle impacts not from local pollutants, but incurred
during the production process, introducing environ-
mental externalities into other regions [8].

Luo et al used a life cycle approach to compare sta-
tion-based and dockless bike sharing programs in the
US [13]. They found that rebalancing (collection and
distribution) of shared bicycles was the main source of
life-cycle emissions in dockless bicycles, while the
docking infrastructure was a major source of impacts
in station-based bicycles. Consistent with Cherry [8],
Luo et al note that car displacement is the most impor-
tant factor in reducing emissions, with at least 34% of
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bike sharing trips needed to replace car usage in order
to realize net impact reductions [13]. Similarly, Weiss
et al, Sheng et al, and Rose studied the impacts of per-
sonal electric motorcycles and e-bicycles on the
environment and transportation system, each noting
the importance of the modes of transportation being
displaced [11, 14, 15].

In addition to these studies, Hsieh et al used a sys-
tem dynamics approach to examine the air pollution
mitigation potential of seated electric scooters in Tai-
wan, but limited the scope to use phase impacts [16].
Sheng et al [14] compared electric motorcycles to
gasoline-powered motorcycles on urban noise, find-
ing that electrification can reduce noise pollution.
Additionally, Bishop et al examined the use phase
environmental performance of seated electric scooters
in the United Kingdom, while Leuenberger and
Frischknect conducted a full comparative LCA for two
wheeled vehicles including seated electric scoo-
ters[10, 17].

Our study differs from previous research by con-
ducting a full LCA to address the environmental
impacts associated with the materials, manufacturing,
transportation, charging, and end-of-life for shared
dockless standing e-scooters. Conducting an LCA on
an emerging technology offers a greater ability to
inform policy makers and consumers, as regulations
and market behavior are still developing [18]. Wender
et al [19] describes approaches to early stage LCA,
including the use of scenario development (e.g. [20])
to explore the range of possible outcomes. Although
e-scooter technology is not in an early stage of devel-
opment, the business model of shared, dockless
e-scooters has emerged quickly in 2018 and is still
evolving. Our study utilizes scenario analysis to better
understand the ability to reduce the environmental
impacts based on this model of shared dockless
e-scooters. In this study, we collect primary data on
e-scooter materials and use, coupled with scenarios
and a Monte Carlo analysis to explore the magnitude
and drivers for environmental impacts. In section 2,
we describe our data sources and methods. In
sections 3 and 4, we present our results and discussion.

2. Methods

In accordance with the ISO standards, our LCA
includes goal and scope, inventory analysis, impact
assessment, and interpretation. Figure 1 shows our
system boundary diagram, which includes materials,
manufacturing, e-scooter transport, use and charging,
and end-of-life. Due to a lack of data availability and
short scooter lifetime, we exclude routine mainte-
nance such as replacing tires or parts during the
lifetime of the scooters.

The functional unit for our study is one passenger-
mile traveled. Our Base Case assumptions for daily
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Figure 1. System boundary diagram for a life cycle assessment on shared dockless electric scooters.

scooter usage and collection requirements are con-
sistent with assumptions for Raleigh, North Carolina.
We test a range of parameter values to assess each
input’s sensitivity and ensure broad applicability of
results. Equation (1) describes the generalized calcul-
ation for impact per passenger-mile for each impact
category

d d i
M+ T+ > (MPSs X EFyio) + 0>~ (Egrid, ivd X EFyria,i,a)

scooter distance traveled on day d. We use TRACI v
2.1 characterization factors to convert inventory
results to environmental impacts [21].

2.1. Materials and manufacturing
To create an accurate materials inventory for an
electric scooter, we disassembled a Xiaomi M365

(1

>0 D,

I represents the life cycle impacts for a given impact
category (kg-eq/passenger-mile). M represents the
burdens associated with the materials and manufac-
turing of the scooter (kg-eq/scooter) and T is the
burden associated with transportation of the scooter
from shipping and trucking (kg-eq/scooter). MPS, is
the auto-miles traveled per day (d) for collection and
distribution of scooters (auto-miles/scooter-day) and
EF,,.., is the emissions factor for the vehicle used to
collect the scooters (kg-eq/auto-mile). Egigq is the
electricity used for charging in hour i, day d (MWh/
scooter). EFy,i4; 4 represents the emission factor asso-
ciated with the specific grid region where the scooter is
being charged (kg-eq/MWh). Dy represents the

scooter, representative of the model that shared
scooter companies including Bird and Lyft currently
deploy [22]. Table S1 is available online at stacks.iop.
org/ERL/14/084031/mmedia in the supporting
information provides the data for the materials
inventory and the ecoinvent v3.3 process. The materi-
als characterization was informed by the documenta-
tion provided by the manufacturer and the material
codes imprinted directly on the components. The
mass of each component was recorded to the nearest
gram. The ecoinvent material for production of
aluminum alloy was used for the frame, representing
the best ecoinvent material for ‘aerospace grade’
aluminum alloy, as described by the manufacturer.

3
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The major materials and components of the e-scooter
include an aluminum frame (6.0kg), steel parts
(1.4 kg), a lithium ion battery (1.2kg), an electric
motor (1.2 kg), and tires with tubing (0.83 kg), which
in total account for 89% of the total scooter mass.
The lithium-ion battery has a cathode material
LiNi; ;3sMn; /3Co, /30, (NMC 111), as indicated by the
battery manufacturer. We use the methods detailed by
Ellingsen et al [23] and Ciez and Whitacre [24] to
determine the environmental impacts of battery
production and recycling. Manufacturing burdens are
estimated from the ecoinvent process electric bicycle
production, which is used as a proxy for the energy
requirements to manufacture and assemble the scoo-
ter from components. We use a recycled content
approach; our Base Case assumes 24% recycled
content for aluminum, consistent with Chinese alumi-
numin 2017 [25].

2.2. Transportation to United States

We assume the scooter and battery are assembled in
Shenzen, China, as indicated by the manufacturer
[26]. The total mass of the scooter, packaging, and
accessories is 17.5 kg. We calculate the transportation
burdens based on freight shipping to Los Angeles,
California (estimated at 11 800 km) and trucking from
Los Angeles to Raleigh, North Carolina (estimated at
4000 km), resulting in 207 ton-km and 70 ton-km for
shipping and trucking, respectively, per scooter.

2.3.Use phase

The use phase impacts are influenced by the daily
distance traveled on each e-scooter, the method of
scooter pick-up for charging, the frequency of char-
ging, and the time of day and location of charging. The
electricity impacts of charging use seasonal marginal
emissions factors from Azevedo et al [27], at an eGRID
spatial resolution, which employs a statistical relation-
ship between power plant emissions and the hourly
generation from fossil fuel generators for a region
[28, 29]. We assume a charging rate of 84 W and a full
battery charge of 0.335 kWh based on the manufac-
turer’s specifications.

E-scooter employees (chargers) can collect any
scooters at any location in the city once the scooters
become available for collection, without specified col-
lection routes, areas for pick-up, or specified scooters.
Matching current policy in Raleigh, we assume that
the e-scooters are picked up each evening to be
charged, regardless of the batteries’ state of charge. To
determine the distribution of the battery state of
charge at pick-up, we collected end of day (8 pm—
10 pm) data on 800 scooters through the Bird rider
application. We found that 4.6% of scooters were fully
charged (i.e. unused that day), as shown in figure S1.

We assume that the distribution of personal vehi-
cles in Wake County, North Carolina is representative
of the vehicles used for collection and distribution.

P Letters

Using the EPA Motor Vehicle Emission Simulator
(MOVES) version 2014a, we determine a global warm-
ing (kg CO,-eq/mile) distribution of passenger car
and truck emissions for both gasoline and diesel vehi-
cles. For respiratory effects (kg PM, 5-eq/mile), acid-
ification (kg SO,-eq/mile), and eutrophication (kg
N-eq/mile), we use a lognormal distribution with
small passenger vehicle (EURO4) in ecoinvent 3.3. To
bound the parameters in our analysis, we collected
data from several employees of shared scooter compa-
nies on how many scooters are picked up per trip and
the distance traveled for collection and distribution of
scooters, finding a range of 0.6-2.5 miles per scooter
for collection and distribution.

Given that shared dockless e-scooters are a recent
phenomenon, comprehensive data do not yet exist for
the distribution of lifetimes for these products under
these usage conditions. In our analysis, we test a wide
range of plausible scooter lifetimes (0.5-2 years),
informed by battery lifetimes, the manufacturer war-
ranty, and reports of damage under shared usage pro-
grams [26, 30]. A 500 cycle lifespan for NMC 111
batteries, as specified by the manufacturer, would
result in a scooter lifetime of 18 months under a high-
usage approach. For the sale of these scooters to indivi-
duals, the manufacturer provides a warranty of 12
months on the main body and 6 months for the acces-
sories [26]. Shared e-scooters may have much shorter
lifetimes, however, due to mistreatment or scooters
may last longer under lower usage scenarios. Recent
reports have suggested that many scooters may be
damaged by e-scooter users or citizens, and recent
reports suggest that e-scooters may have far shorter
lifetimes [30].

To better understand the net impacts of e-scooter
usage, we compare our results to alternative modes of
transportation. To properly bound this comparison,
we conducted a survey of 61 riders and use another
published survey [31] to gain insights into the mode of
transportation that e-scooters are replacing (e.g. walk-
ing, personal automobile). See tables S6 and S7.

2.4. Monte Carlo analysis and scenarios

To investigate the inherent variability and uncertainty
of several of the parameters used in this study, we
conduct a Monte Carlo analysis with assumed dis-
tributions for relevant parameters to determine the
overall distribution of life cycle impacts, as shown in
table 1. Then, using the Base Case assumptions, we test
the sensitivity of the results to each parameter in
isolation to determine which parameters have the
greatest impact on the results.

In addition to the Base Case, we examine three sce-
narios relating to the e-scooter collection for charging
and one additional scenario related to e-scooter life-
time. In ‘Low Collection Distance,” we assume that the
retrieval and distribution distance of e-scooters is
reduced, resulting in 0.6 miles driven per scooter by
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Table 1. Inputs for Monte Carlo simulations.

Parameters for each impact category Range or (scale, shape factors) Distribution Reference/method
Materials and manufacturing (kg CO,-eq/scooter) (200, 17.7) lognormal
(kg PM, 5-eq/scooter) (0.303,0.0276) lognormal Scooter disassembly, Ecoinvent 3.3
(kg SO,-eq/scooter) (1.74,0.107) lognormal
(kg Neq/scooter) (1.31,0.053) lognormal
Collection and distribution emissions” (kg CO,-eq/mile) (0.366,0.798) lognormal EPA MOVES 2014b model
(kg PM; 5-eq/mile) (2.45x10°%,1.21 x 10°°) lognormal Ecoinvent 3.3
(kg SO,-eq/mile) (133 X 102,6.55 x 10-°) lognormal Ecoinvent 3.3
(kg N-eq/mile) (8.21 x 10-%,4.05 x10-%) lognormal Ecoinvent 3.3
Transportation to the US® (kg CO,-eq/scooter) (9.54,3.44) lognormal
(kg PM, 5-eq/scooter) (0.00893, 0.00256) lognormal Distance to ship and truck to Raleigh, Ecoinvent 3.3.
(kg SO,-eq/scooter) (0.0980, 0.0290) lognormal
(kg N-eq/scooter) (0.0130,0.00397) lognormal
Scooter use and maintenance® Collection and distribution distance (miles/scooter) 0.6-2.5 uniform Survey of Raleigh chargers
End of day battery charge (%) (0.66,0.18) lognormal Data collection from Bird application
Scooter lifetime (years) 0.5-2.0 uniform LG specifications for NMC Battery, [20]
Time to begin charging (h) 21:00-23:00 uniform Survey, collection schedule
Static variable Value Reference
Scooter distance potential (miles) 18
Energy per full charge (kWh) 0.335 Battery specific values are drawn from Xiaomi’s specifications for the m365
scooter
Time to fully charge (h) 4
Power required to charge (kW) 0.08375

* Manufacturing burdens represent a range of 0% to 48% recycled content of aluminum for e-scooter production.

. Tailpipe emission distribution for CO,-eq/mile are drawn from MOVES 2014a and modeled in Wake County, NC for passenger cars and trucks. Other impact categories include a distribution range from Ecoinvent passenger vehicles

(EURO 4).

¢ Emissions associated with transport to the US are drawn from Ecoinvent processes transport freight by sea and transporting freight by trucking.

4 4.6% of scooters are picked up with a full state of charge. The remaining scooters were fit to alognormal distribution. See SI figure S1.
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Figure 2. Life cycle environmental impacts for shared electric scooters under Base Case and alternative collection scenarios for
(a) global warming, (b) respiratory effects, (c) acidification, and (d) eutrophication. Error bars represent 95% of the Monte Carlo
simulations.

the collector. In ‘Battery Depletion Limit,” e-scooters
are only retrieved and charged when their battery’s
state of charge drops below 50%. In ‘High Vehicle Effi-
ciency,’ the vehicles used for collection have a fuel effi-
ciency of 35 miles per gallon (i.e. 235 g CO,-eq/mile).
In ‘High Scooter Life,” we assume that the scooters’
lifetime is fixed at two years.

3. Results

Figure 2 shows the life cycle environmental impacts
per passenger-mile traveled for each scenario. In the
Base Case, the average global warming impact is 202 g
CO,-eq/passenger-mile, with 50% from materials
and manufacturing and 43% of impacts coming from
collection and distribution. The burdens from the
electricity used to charge the scooter contribute only
4.7% of the total, while the transportation from the
manufacturer proves to be trivial. The error bars in
figure 2 represent the range in which 95% of the Monte
Carlo results fall.

As shown in figures 2(b)—(d), respiratory effects,
acidification, and eutrophication are also driven by a
combination of the e-scooter materials and manu-
facturing and daily collection of the scooters. Using the
recycled content approach with 24% recycled content

of aluminum, the aluminum frame and lithium-ion
battery make up 53%-73% of impacts in manufactur-
ing and materials across all impact categories. The alu-
minum frame is found to be the highest impact driver
of respiratory effects, accounting for 46% of the
PM, 5-eq from materials and manufacturing, and the
battery pack is found to be the highest driver of acid-
ification, accounting for 46% of SO,-eq. Given that the
e-scooters are manufactured in China and much of the
primary materials are not sourced from the United
States, these environmental harms are consequently
not borne by the end users’ community in our study.

Alternative approaches to collect and distribute
e-scooters can greatly reduce the adverse environ-
mental impacts. Reducing the average driving distance
for collection and distribution to 0.6 miles per scooter
reduces the average life cycle global warming impacts by
27%, while the exclusive use of fuel-efficient vehicles for
collection results in a 12% reduction. Limiting scooters
collection to those with a low battery state of charge
would require a change in policy to allow scooters to
remain in public spaces overnight, but could yield a net
reduction in global warming impacts of 19%.

Figure 3 shows the distribution of the results for
scenarios that may reduce global warming impacts. In
all scenarios except High Scooter Life, we observe a
wide range of outcomes which are driven primarily by

6
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shown in parentheses along the y axis.

from the base case scenario as seen previously in figure 3, but applies a static low and high value to the input parameter of interest

the range of scooter lifetimes. The average values for
each scenario, shown by vertical lines in figure 3, are
further right than the mode value of each scenario due
to short scooter lifetimes which yield a long rightward
tail. Although figure 3 is truncated to more clearly dis-
play the mean values as vertical lines, the results extend
as high as 514 g CO,-eq/passenger-mile. Table S5 in
the supporting information provides the median
values for the Monte Carlo results. Due to the long tail
of high values for the Base Case, Low Collection

Distance, Battery Depletion Limit, and High Vehicle
Efficiency scenarios, the median results are 13% to
19% lower than the average results. Comparable
results for respiratory impacts, acidification, and
eutrophication are shown in the SI, Figures S2—54.
Figure 4 shows the results of the sensitivity analysis
on global warming impacts. We see that the global
warming impacts are most sensitive to the daily usage
of the scooter, scooter lifetime, distance driven for col-
lection, and vehicle fuel efficiency. Both low daily

7
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Table 2. Likelihood that the e-scooter life cycle global warming impacts per passenger-mile traveled exceeds the impacts associated with

alternative modes of transportation.

Low collection Battery depletion ~ High vehicle High scooter

Basecase  distance limit efficiency lifetime
Personal automobile® (414 g CO,/mi) 1.7% 0.3% 0.7% 1.0% 0.0%
Shared dockless bicycle” (190 g CO,/mi) 33.2% 20.9% 23.6% 30.0% 0.0%
Benchmark Displacement® (150 gCO,/mi)  65.0% 34.8% 39.9% 50.0% 4.0%
Electric mopedd(119 gCO,/mi) 100.0% 54.2% 66.9% 89.5% 100.0%
Bus with high ridership® (82 g CO,/mi) 100.0% 99.6% 100.0% 100.0% 100.0%
Electric bicycled (40 g CO,/mi) 100.0% 100.0% 100.0% 100.0% 100.0%
Bicycle(| (8 gCO,/mi) 100.0% 100.0% 100.0% 100.0% 100.0%

Values drawn from
* Argonne National Lab GREET 2 model.
b Reference [13].

¢ Benchmark Displacement assumes 1 e-scooter passenger-mile displaces 0.34 miles of personal automobile travel, 0.11 miles of bus travel,

and 0.08 miles of bicycle travel.
d Reference [11].
¢ Reference [12].

usage of the scooter and low scooter lifetimes show
very high global warming impacts driven from the
manufacturing and materials burdens, which are
spread across a smaller number of passenger-miles
traveled over the e-scooter lifetime. Figure 4 also
shows that the results are insensitive to the distance for
transporting the scooter from the manufacturer to the
point of use and the grid emissions.

While this study was conducted with parameters
specific to Raleigh, North Carolina, the results can be
interpreted and used for a wide range of locations. We
found that the environmental impacts of the transpor-
tation of the scooter from the manufacturer to the end
use location is trivial and the potential differences in
grid emissions for charging the e-scooter yield small
changes in the overall results. Relative to emissions
from charging in Raleigh, charging with a Okg
CO,/kWh power source (to approximate wind, solar,
or nuclear) would decrease life cycle emissions by 6%,
while charging with a 1 kg CO,/kWh power source (to
approximate coal generation) would increase life cycle
emissions by 4%. The most important parameter that
would vary across locations is the collection miles dri-
ven per scooter mile. Densely populated metropolitan
areas may enable higher densities of e-scooters and
lower collection driving distances per scooter. Con-
versely, sparsely populated or sprawling areas would
likely necessitate higher collection miles driven. Our
sensitivity analysis shows that reduced collection dis-
tances of 0.6 miles per scooter reduce the life cycle CO,
emissions by 27%, while longer driving distances of
2.5 miles per scooter increase life cycle CO, emissions
by 27%.

To better understand the net impacts of shared
e-scooter use, we consider the modes of transporta-
tion that are being displaced. In our survey of
e-scooter riders, 7% of users reported that they would
not have taken the trip otherwise, 49% would have
biked or walked, 34% would have used a personal

automobile or ride-share service, and 11% would have
taken a public bus (table S7). These results are con-
sistent with a survey conducted in Portland, Oregon,
which shows 8% would not have taken the trip, 45%
would have biked or walked, 36% would have used an
automobile, and 10% would have used a bus or street-
car [31]. To estimate the displaced burdens from
e-scooter usage, we assume that each passenger-mile
on an e-scooter displaces 0.34 passenger-miles in a
personal car, 0.11 passenger-miles on a public bus, and
0.08 miles on a bicycle. We also assume the life cycle
global warming impacts of personal car use is 414 g
CO,-eq/passenger-mile, using Argonne National
Laboratory’s GREET 2 model with US average petro-
leum mix, vehicle model year 2012, 26 miles per gallon
efficiency, and one passenger [32]. We assume impacts
from bus ridership is 82 g CO,-eq/passenger-mile
[33], consistent with the well-to-wheels calculation for
urban diesel bus use during peak hours from Chester
and Horvath, 2009, with the important caveat that
emissions from buses do not decrease proportionally
with the loss of one rider. We assume that the use of a
personal bicycle results in 8 g CO,-eq /passenger-mile
[11]. Using these assumptions, we calculate that the
avoided life cycle emissions from car and bus use is
150g CO,/passenger-mile, which we term the
‘Benchmark Displacement.” This Benchmark Dis-
placement rate is 26% lower than the average Base
Case impacts associated with the use of shared
e-scooters and very near the High Scooter Life and
Low Collection Distance scenarios.

In table 2, we present the likelihood that the
e-scooter life cycle global warming impacts per pas-
senger-mile traveled exceeds the impacts associated
with the Benchmark Displacement and alternative sin-
gle modes of transportation. For this assessment, we
use representative life cycle emissions values for these
alternatives and report the share of e-scooter Monte
Carlo analysis results that exceed those values.
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The personal automobile, bus with high ridership,
and bicycle emissions match those previously described
in the calculation of the Benchmark Displacement. The
shared dockless bicycles represent non-electric bikes
that require ‘rebalancing’ [13]. The electric moped,
electric bicycle, and bicycle values represent personal
ownership, which do not require rebalancing [11].

These results show that dockless e-scooters con-
sistently result in higher life cycle global warming
impacts relative to the use of a bus with high ridership,
an electric bicycle, or a bicycle per passenger-mile tra-
veled. However, choosing an e-scooter over driving a
personal automobile with a fuel efficiency of 26 miles
per gallon results in a near universal decrease in global
warming impacts. The use of dockless e-scooters are
often preferable to dockless bicycles, yielding lower life
cycle emissions 67% to 100% of the time across the
scenarios. When compared to the Benchmark Dis-
placement CO, emissions, our Base Case shows a 65%
chance that the life cycle e-scooter emissions will be
higher. This likelihood is reduced, but nontrivial, for
our Low Collection Distance (35%), Battery Depletion
Limit (40%), High Vehicle Efficiency (50%), and High
Scooter Lifetime (4%) scenarios. These results under-
score the importance of ensuring long lifetimes for
e-scooters in reducing life cycle emissions.

4. Discussion

In this study, we found that the global warming
impacts associated with the use of shared e-scooters
are dominated by materials, manufacturing, and
automotive use for e-scooter collection for charging.
Increasing scooter lifetimes, reducing collection and
distribution distance, using more efficient vehicles,
and less frequent charging strategies can reduce
adverse environmental impacts significantly. Without
these efforts, our Base Case calculations for life cycle
emissions show a net increase in global warming
impact when compared to the transportation methods
offset in 65% of our simulations. Taken as a whole,
these results suggest that, while e-scooters may be an
effective solution to urban congestion and last-mile
problem, they do not necessarily reduce environmen-
tal impacts from the transportation system.

Cities that seek to integrate e-scooters into their
transportation system have several policy options
available to reduce the life cycle environmental bur-
dens associated with their use. Allowing e-scooters to
remain in public areas overnight would decrease the
automobile burdens associated with picking up fully
charged or nearly fully charged e-scooters. Requiring
central management or improved e-scooter collection
processes could reduce the auto-miles traveled for col-
lection and distribution. Additionally, cities could
enact or enforce anti-vandalism policies to reduce
e-scooter misuse or mistreatment which can result in

P Letters

short lifetimes (and thus high materials and manu-
facturing burdens per passenger-mile traveled).

The scooter companies also can take meaningful
action to reduce the life cycle burdens of their pro-
ducts. They can reduce collection and distribution
burdens by incentivizing or requiring the use of effi-
cient automobiles. In addition, they could reduce
vehicle miles traveled for collection and distribution
through centralized management or by allowing char-
gers to ‘claim’ e-scooters to eliminate unnecessary and
competitive driving during daily collection.

This study clearly demonstrates that there is the
potential for e-scooters to increase life cycle emissions
relative to the transportation modes that they displace.
Although we use a Monte Carlo analysis with
informed ranges for input parameters such as scooter
lifetime, collection distance, and vehicle efficiency,
cities and e-scooter companies alike can use this study
to further explore life cycle impacts of e-scooters with
a higher level of detail in the future. Claims of environ-
mental benefits from their use should be met with
skepticism unless longer product lifetimes, reduced
materials burdens, and reduced e-scooter collection
and distribution impacts are achieved.
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