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ABSTRACT
In 2015, the San Diego City Council approved a Climate Action Plan, (CAP), by which the City
is to cut half of all greenhouse gas, (GHG), emissions by 2035. To achieve this “(t)he Climate
Action Plan's strategies include 100 percent renewable electricity; water and energy e ciency;
zero waste; bicycling, walking, transit and land use; and resiliency measures.”1
The dockless motorized scooter rental industry has operated in San Diego since February 2018
and it is often claimed and widely assumed that rentable motorized scooters reduce carbon
emissions in every city in which the rental companies o er them. It is therefore understandable
that the industry is regarded as helping the City achieve its CAP goal. This belief is fostered by
overly simplistic analyses, which miss important factors, and lead to the belief that every mile
travelled by rented scooter replaces a mile of car travel.
It is furthered by the assumption that an industry that makes apparently “green” vehicles
available for rent must also be green. As a motorized scooter is powered by electricity and
emits no carbon when used it is assumed that the carbon emissions associated with both it
and the industry that makes it available are virtually zero, while the GHG emissions of cars are
considerable so that renting a motorized scooter reduces carbon emissions.
Unfortunately the assumptions on which such analysis rests are false and the conclusions are
incorrect. In fact, for over four years now the dockless motorized scooter rental industry
has been and still is increasing the carbon emissions of San Diego, not decreasing them.
In this paper we explain the aws in the simplistic reasoning and present a detailed analysis of
the motorized scooter rental industry currently operating in San Diego. In doing so we are
updating our 2019 paper2 which examined the same question and then concluded that the
motorized scooter rental industry was increasing the carbon emissions of the city. In this paper
we are able to re ne our analysis to examine the carbon emissions associated with each
operator and to use updated data re ecting changes in the industry.
Our analysis is detailed and comprehensive using a widely accepted life cycle model and up to
date data which enable a calculation of the net carbon emissions associated with each
operator in San Diego. The net carbon emissions, (Net GHGs), are those carbon emissions per
passenger mile created by the scooter rental industry minus the carbon emissions per
passenger mile they replace. We consider the following:
• The carbon emissions associated with manufacturing and maintaining both scooters and
cars per passenger mile of travel of each over their respective lifetimes.
• The proportion of usage of rented motorized scooters for transportation rather than
joyriding.
• The carbon emissions of the support and enforcement vehicles uniquely associated with
the scooter rental industry.
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https://www.sandiego.gov/sustainability/overview viewed May 20, 2022

The Impact of the Scooter Rental Industry on the Carbon Footprint of San Diego. Szemenyei and
Freeman, 2019. Available at https://www.safewalkwaysusa.com.
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• The extent to which motorized rental scooters are used to replace:
• Walking
• Public transit
• Other micromobility devices
• Taxis and Transport Network companies such as Uber or Lyft.
• Individually owned cars.
Our calculations indicate that, after allowing for the emissions it replaces, the motorized
scooter rental industry in San Diego, is currently adding over three million pounds, (0.0158
million metric tons), of greenhouse gas equivalents, (GHGs), to the city’s carbon footprint
annually, more than would be created by a 30 acre forest re3 or that results from the gasoline
burned by 200 cars in a year.
They also indicate that for all operators the net emissions are positive, not negative, i.e. all the
operators are increasing carbon emissions in the city, though some do so to a greater
degree than others.
The principal causes relate to both the rental companies and their customers:
Companies:
Durability: Motorized rental scooters have a short lifespan compared to a car and many
scooters must be manufactured to match the transportation distance a car provides over
its life.
Operations: Unlike both privately owned cars and privately owned motorized scooters,
companies that provide motorized scooters for rent use eets of GHG-emitting vans to
relocate their rented devices.
Renters:
Joy-riding: Unlike cars, motorized rental scooters are often driven for “fun” or “thrills”
rather than for utilitarian transportation. This does not replace car journeys and rather than
decreasing carbon emissions it increases them as it increases the emissions due to
manufacturing and operations.
Replacement of No/Low Carbon Emitting Alternatives: Often motorized scooters are
used to replace zero or low carbon emission alternatives such as walking and public transit.
Renting a motorized scooter to replace walking does not reduce carbon emissions.
We also calculate the emissions impact of privately-owned motorized scooters and conclude
that private ownership of motorized scooters could help reduce carbon emissions if the device
is used mainly to replace car trips and is well-maintained. However, in California motorized
scooters are prohibited on roads faster than 25mph (unless in a bike lane) and so a more
versatile option such as a foldable e-bike may be preferable for private ownership.
This leads us to make the following policy recommendations.
The GHG emissions of the industry could be improved in the following ways if:

https://www.cbc.ca/radio/quirks/sept-15-2018-summer-science-camping-under-a-volcano-plastic-in-beluga-belliesand-more-1.4821942/how-do-co2-emissions-from-forest-fires-compare-to-those-from-fossil-fuels-1.4821944
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• The City requires rental and contracted enforcement companies to use support vehicles that
have much lower emissions and use more durable devices than motorized scooters in their
rental eets.
• The City installs solar powered docking stations that serve a variety of shared mobility
devices.
• The City encourages motorized scooter renters to:
• replace car trips rather than joy-riding or replacing walking and public transport.
• consider private ownership of motorized devices rather than renting.
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THE ORGANIZATION OF THIS PAPER
The audiences for this paper comprise the Mayor and members of Council of the City of San
Diego, their sta , sta of the City, in particular of the Sustainability and Mobility department,
the press as well as the general public. Therefore we have tried to present our ndings and
conclusions in an accessible manner. As a result and unlike the norm for a scienti c paper of
this type, we have placed our detailed calculations in appendices at the end rather than in the
body of the paper.
We rst provide an abstract presenting our primary conclusion and the policy
recommendations resulting from our analysis.
Second we describe the methodology we used to calculate the results. This includes detailing
the factors we considered with Figures 1-3 providing overviews of the methodology.
Third are the results of those calculations, linked to the relevant appendices showing how they
were calculated. This section also examines some questions:
A. What if the City switched to contracts via a Request For Proposals (RFP)?
B. What if renters switched to private ownership?
The fourth and fth sections present our conclusions and recommendations.
Finally our detailed calculations are presented in step-by-step walk throughs in the Appendices.
Appendices 1 and 2 provide foundational data and Appendices 3 to 9 provide the detailed
calculations. Data sources are documented for easy verification. Most of the data is sourced
from governmental agencies and respected universities.
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METHODOLOGY
The Carbon Footprint Of The Rental Industry
To determine the impact of the dockless scooter rental industry on the Climate Action Plan of
San Diego, (Net GHGs below), one need only calculate two things: the Greenhouse Gas
emissions, (GHGs), created by the rental industry per passenger mile of transportation it
provides, (GHGs Created), and the Greenhouse Gas emissions per passenger mile that such
transportation replaces, (GHGs Replaced):
Net GHGs = GHGs Created - GHGs Replaced
To calculate these two factors our approach draws heavily on the GREET, (Greenhouse
gases, Regulated Emissions and Energy use in Technologies), model created by Argonne
National Laboratories in conjunction with the Department of Energy4. This considers the GHGs
produced over the life cycle of the system that is being examined.
We use this approach in calculating both the GHGs the industry creates and those of the
transportation modes it replaces.

GHGs Created By The Dockless Scooter Rental Industry
Figure 1 describes the methodology used to calculate the total GHGs produced by the San
Diego dockless e-scooter rental industry. We found three major sources of GHG production in
the life cycle of motorized scooters:
(I) Manufacturing and Maintenance. Vehicles need not only to be manufactured, which
creates GHGs, but also must be maintained, which increases them further.
(II) Operation. Producing and consuming the energy to power a vehicle over a given distance
creates GHGs.
(III) Support Service. The dockless rental scooter industry uses a eet of support vehicles to
relocate, recharge and retrieve their vehicles and similar vehicles are used to manage their
impact in both the public and private domains. GHGs are created in the manufacture,
maintenance and operation of these vehicles.
We calculate the GHGs per passenger mile, (GHG/mi), created by the industry for each of
those factors.
Our calculations are in terms of grammes of carbon dioxide emissions per passenger mile of
travel, (gCO2e/mi), a standard unit of measurement of GHG emissions.

Manufacture And Maintenance Of Motorized Scooters
We calculate the GHGs associated with the manufacture of motorized scooters by calculating
both the GHGs emitted from manufacturing their component parts and from assembling them
into the completed vehicle.

Operation Of Rented Motorized Scooters
We calculate the GHGs produced to create the electricity which powers motorized scooters.

https://greet.es.anl.gov viewed May 20, 2022
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Support Service For Rented Motorized Scooters
We calculate the GHGs associated with manufacturing, maintaining and operating the vans
used to provide support to the scooter rental industry, (relocating and collecting scooters,
replacing batteries), and those used for enforcement services.

Joyriding
Figure 1 shows that e-scooters produce GHGs from both rides that are for transportation and
rides that are just for fun, which we call joyriding. When renters drive scooters for fun they are
not reducing carbon emissions and this must be taken into account in the calculations.

Figure 1. E-Scooter GHG Production, gCO2e/mi

Events, such as GHG from Manufacture, need to be allocated over the e-scooter’s lifetime milage
From Raw Material Production
From Manufacture

For Transportation

From Fabrication

From Electricity Production

From
Operation,
Electricity
Consumption

Total GHG

From Van Manufacture
From Van Operation

Joyriding
From
Maintaining,
Support Vans

From Van Maintenance

Joyriding data were obtained from various municipal e-scooter programs.

Overall
We can multiply the GHG/mi produced by e-scooters by the miles ridden to calculate the total
emissions created by e-scooters and the result, after allowing for the proportion of travel that is
for joyriding rather than transportation, is a calculation of the GHGs produced by the rental
industry in San Diego per period.
Unlike our 2019 paper we are now able to take account of relevant differences between the
currently seven operators in San Diego and estimate the GHGs/mi of each.

10

GHGs Replaced By The Dockless Scooter Rental Industry
No/Low GHG Emitting Alternatives Replaced By Rented Scooters
Figure 2 shows that our methodology allows for rented scooters being used to replace ve
means of travel identi ed by other researchers, (see footnote 10 in Appendix 3):
•
•
•
•
•

Walking
Public Transport
Other micromobility devices
Individually owned automobiles
Automobiles used as taxis and by transportation network companies.

Renting a scooter to replace either walking or public transit does not save GHGs because the
same amount of GHGs are produced regardless of whether a scooter is used instead.
We use our calculation of the GHGs associated with motorized scooters to calculate the
savings in replacing “Other Micromobility”, a low GHG emitting alternative.

Figure 2. Passenger Car GHG Production, gCO2e/mi

Events, such as GHG from Manufacture, need to be allocated over the passenger car’s lifetime mileage
From Raw Material Production
From Manufacture
From Fabrication

From Gasoline Production

Operation,
Gasoline
Consumption

Total GHG

From Engine Oil Changes
From Transmission
Fluid Changes

Maintaining

From Tire Changes

Manufacture, Maintenance And Operation Of Automobiles
This then leaves the substitution by rental scooters of car-related alternatives: both privately
owned cars and cars used for commercial purposes such as taxis or Transportation Networks
(e.g. Uber or Lyft), and the GHG emissions thereby saved. To calculate the GHGs saved by
substituting a scooter for a car it is necessary to calculate the GHG/mi produced by a car. The
methodology for doing so is shown in Figure 2 above and in greater detail in Figure 3 on the
next page. As with scooters, to calculate these we calculate the GHGs associated with
manufacture, maintenance and operation. However there are no Support Services involved with
privately owned or commercial automobiles.
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Figure 3 shows that to calculate the GHGs associated with cars we not only calculate the
GHGs emitted when manufacturing them but also from manufacturing the gasoline they

Figure 3. GHG Eliminated by E-Scooters
Scooter Manufacture
Scooter Operation,
Electricity

Eliminated from Walking

0

Passenger Car Manufacture

Eliminated from Public Transport

0

Passenger Car Operation
Passenger Car Servicing
Vehicle Manufacture

Miles Replaced by
1 Scooter Mile
Occupancy Rate,
Miles Replaced by
1 Scooter Mile

Eliminated from Other Micro-Mobility

Total
GHG

Eliminated from Personal Cars

Vehicle Operation
Vehicle Maintenance

Occupancy Rate,
Deadheading,
Miles Replaced by
1 Scooter Mile

Eliminated from Taxi/TNC

consume, the GHGs emitted by such consumption and the GHGs associated with the three
main aspects of vehicle maintenance, changing the engine oil, transmission uids and tires.
over the lifetime of the vehicle.
In order to calculate the GHGs per passenger mile we also need to apply the average number
of miles travelled by a passenger car over its lifetime.

Occupancy Rate & Deadheading
Although motorized scooters are designed and legally limited in California to carry only one
person, automobiles often carry more than one person and this is allowed for in our analysis. In
our calculation of the GHGs saved by renting a motorized scooter we allow for the occupancy
rate of cars, taxis and transport networks as well as the different ways taxis and transportation
network vehicles operate, the latter constantly moving and thus emitting GHGs to be in the best
location to be hired, (deadheading), versus the former being stationary in high demand
locations.

Overall
Applying the average distance of transportation provided by an automobile over its lifetime we
calculated the GHG/mi per person carried of automobiles.

fl
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RESULTS
Calculation of Total GHG/mi Produced by the e-Scooter
Industry
Our overall results are shown in Tables 1 and 2 - see Appendix 8 for details.

Table 1 GHG Produced by e-Scooter Industry,
Vendor

Annual
Scooter
Travel,
Kmiles

Gross

Net

gCO2e/mi

MT/ yr

gCO2e/mi

MT/ yr

526

323

170

228

116

Lime

1402

285

400

190

258

Lyft

1226

193

237

98

114

Bird

4205

289

1215

194

791

Veo

701

149

104

54

34

Link

1051

231

243

136

138

Spin

1051

223

234

128

129

Total

10162

Wheels

2603

1580

Table 2 GHG Produced by e-Scooters
Manufacture

Opera on

Total

Support

Vendor

gCO2e/
mile

%

gCO2e/
mile

%

gCO2e/mile

%

gCO2e/mile

Wheels

55

17%

9

3%

259

80%

323

Lime

162

57%

9

3%

114

40%

285

Ly

118

61%

9

5%

66

34%

193

Bird

156

54%

9

3%

124

43%

289

Veo

63

42%

9

6%

77

52%

149

Link

170

74%

9

4%

52

23%

231

Spin

162

73%

9

4%

52

23%

223

Weighted
Average

143

56%

9

4%

104

41%

256
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The results in Table 2 show the total GHG produced by e-scooters, broken down by vendor and
by source of GHG.
The major source of GHGs produced by the dockless e-scooter rental industry is:
• manufacturing the e-scooters, (56%), and,
• that produced by both the vans that reposition and service them and those used for
enforcement, (41%).
The poor durability of e-scooters requires frequent replacement which generates large
quantities of GHGs. The use of internal combustion engine, (ICE), powered support vans to
stage and recharge e-scooters, along with those used for enforcement also generates a
substantial amount of GHG.
As one might expect very little of the GHG produced by e-scooters results from riding them. Our
results show that most comes from their manufacture and the support and enforcement vans
that maintain and relocate them5.

GHG Eliminated Of Transportation Modes Replaced By eScooters
The results for this section are initially separated into two groups: those for which the
calculations are simple and those for which they are more complex.
The analysis in Appendix 4, shows that rented scooters are used to replace ve alternatives, for
two of which there is no saving of GHGs. The GHG Saved shown in the far right column of
Table 3A result from multiplying the proportion of scooter trips that replace a mode (%
Replacement) by the GHG emitted by that mode.
Renting a scooter to replace either walking or public transport does not eliminate any GHGs.
Public transport runs fixed equipment over predefined routes. If a passenger rides an e-scooter
instead it does not change the energy consumption and resulting GHG produced.
Walking the distance of a typical e-scooter trip would not burn enough calories to change either
one’s appetite or food consumption and in the time saved by an e-scooter trip over walking one
would probably burn as many calories.
Replacing a micromobility trip (e.g. using a rental scooter to replace a trip by a privately-owned
scooter) saves a small amount of GHGs. To calculate this we use the calculations for the GHGs
of rented scooters adjusted for a longer lifespan and zero support vans as shown Appendix 9.
Conservatively we have used the 150% longer lifespan of private ownership versus rented
shown in Table 9.1 which accords with the minimum likely lifespan observed for privately owned
scooters by experts - see Appendix 9 and remarks by Nely Hayes.

Mode
Public Transport

9

0

0

Walking

39

0

0

Micro-Mobility

10

100

10

Total

58

10

The GHGs emitted by the enforcement vans are assigned to the vendors in proportion to their fleet sizes.
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Table 3A GHGs Saved By Scooters That Replace Other Transport Modes
GHG of Mode
GHG Saved
% Replacement
gCO2e/mi
gCO2e/mi

Importantly, Table 3A shows that 58% of scooter trips produce no or very low savings in
GHG emissions.
The calculation of the GHG savings for the other two modes that rented scooters are used to
replace, Private Car trips and trips by either Taxi or Transport Network Companies, (TNC), such
as Uber and Lyft, is more complex. However all these transportation modes use the same form
of vehicle: the automobile. Thus the first step is to calculate the GHG emissions of a car.

Calculation of GHG/mi Produced by a Passenger Car
There are two complications in making the calculations:
• All these modes often carry multiple passengers, and,
• TNC vehicles, (but not Taxis or Private Cars), are subject to “deadheading”, the practice of
driving to best position the vehicle to acquire a passenger.
To best allow for these factors it is most practical to rst determine the e ect of scooter
substitution in terms of passenger car miles saved and then to use the GHG produced by a
passenger car calculated in Appendix 7 and shown in Table 4 to make the nal calculation.

Table 3B Miles of Passenger Vehicles Saved By Scooters
% Replacement

Passenger
Occupancy

Deadheading
Factor

Passenger
Vehicle Driving
Saved, Miles

Private Car

16

1.50

1

0.11

Taxi / TNC

26

1.46

0.63

0.11

Mode

Total

0.22

The Passenger Vehicle Driving Miles Saved is determined by dividing the % Replacement by
Passenger Occupancy and multiplying by the Deadheading Factor.
The next step is to determine the GHG emissions produced by a car. We use the GREET
model’s approach and again calculate the GHGs associated with Manufacture, Operation and
Maintenance with the results shown in Table 4.

Table 4 Total GHG/mi Produced by a Passenger Car
Source

gCO2e/mile

Manufacture

34.5

Operation

503.7

Maintenance

8.9

Total

547.1
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In contrast to a rented scooter, nearly 90% of the GHG/mi produced by a passenger car results
from its operation. The GHG from operation results primarily from converting the carbon in
gasoline to carbon dioxide.

The Overall GHG Saved By Rented Scooters
Applying the results shown in Tables 3A, 3B and 4 and adjusting for 27.2% Joyriding, see
appendix 5), yields:
GHG Saved by scooters = (100% - Joyriding) x (10 gCO2e/mi + 0.22 x 547.1 gCO2e/mi)
GHG Saved by scooters = 95 gCO2e/mi
Subtracting this value from the totals shown in Table 2 yields the nal results, the Net GHG per
mile of scooter travel, produced by the dockless motorized scooter rental industry as shown in
Table 1.
This requires using the data shown in Appendix 2 regarding the number of scooters permitted
and deployed, provided by the City of San Diego, their average scooter trip rate, available from
municipal e-scooter pilot study reports and the e-scooter lifetimes, fleet sizes and number and
hours in operation of the support and enforcement vans, provided by industry experts.
The value calculated above as GHG Saved by scooters is the value of “GHG Replaced” referred
to at the outset. This then is a benchmark amount that all rental scooter companies must meet
in order to be regarded as aiding the City’s CAP. Currently none do. However, knowing this
amount may give them and the City a guiding target to achieve.

fi
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What If…?
What If The City Switched to Contracts Under An RFP?
Under the forthcoming RFP contract scheme where four of the current operators are selected
to operate in the city: Lime, Lyft, Link and Spin6, our calculations indicate that, as shown in
Table 2, the industry will still be acting counter to the City’s CAP goals as the net GHG
emissions of each of the four selected vendors are signi cantly greater than the benchmark
level of 95 gCO2/mi.
The contract system will limit each operator to 2,000 devices, which will involve a mix of
vehicle types, may involve di erent deployment rates and a greater spread of devices over a
larger geographic area of the city. Those factors have not been allowed for in our calculations
but we note that:
• the deployment rate of the 8,000 cap could result in either an increase or decrease in the
GHGs of the scooter rental industry, depending on what percentage is deployed,
• a greater spread of devices over a wider geographic area may well result in both more miles
driven by support vehicles and more support vehicles used and,
• a change in the mix of device types could either increase or decrease the GHGs of the
industry.
The impact of all these factors is calculable with relevant data.

This information regarding the selected operators is included here prior to the City’s official announcement and
was provided to us by multiple people involved in the industry and corroborated by documentary evidence which
one of the authors was allowed to view. However, this cannot be taken as the final outcome of the RFP for a number
of reasons, one of which is that unsuccessful vendors have the right to protest the decision.
6
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What If Renters Switched To Private Ownership Of e-Scooters?
Currently the more that e-scooters are rented the greater the increase in carbon emissions, but
what would happen if renters switched to private ownership? We analyzed this question in
Appendix 9 and our conclusion is that privately owned e-scooters emit much less GHGs than
an industry using the same devices in a dockless rental business model. The reasons for this
are:
• Increased Durability: Privately-owned e-scooters will be better maintained, less
exposed to the environment and better treated in use.
• No Need For Support Vans: The dockless rental business model used by the rental
companies in San Diego employs ICE vans to collect and relocate their eet of
vehicles. Likewise City and private enforcement. Such support vehicles are not needed
with private ownership.
It may also be the case that someone who has bought an e-scooter for private use may
consciously use it to replace car driving rather than joyriding or replacing walking.
An ancillary social bene t of private ownership is that privately owned scooters are often
designed to be foldable increasing their portability and so may be carried indoors for security.
Doing so prevents the creation of obstacles and hazards associated with the dockless rental
industry, the customers of which often leave e-scooters on sidewalks and the rental companies
often do not redress such issues in a timely manner.
However, in California the driving of a motorized scooter is prohibited on roads with a speed
limit faster than 25mph, unless in a Class 2 or 4 bike lane, and thus a better option for private
ownership may be a more versatile alternative such as a foldable bicycle.
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CONCLUSIONS
The e-scooter rental business is responsible for a net addition of over 1580 MT of GHG a
year.

Renting Turns Green Black
Although e-scooters are a small, green-looking means of transportation, there are three main
reasons why the industry that rents them out is not green.
1. DURABILITY: e-scooters are not durable, requiring frequent replacement, resulting in large
amounts of GHGs to be produced during manufacture.
2. SUPPORT: The dockless business model requires extensive driving of support vans to
manage the fleet and the industry chooses to use GHG-emitting vehicles to do so.
3. RENTER BEHAVIOR: renters often rent scooters for entertainment and to replace
alternatives that have no impact on carbon emissions.
There are a lot of misconceptions about rented e-scooters that we hope this report corrects.
Although some believe that one mile of e-scooter riding replaces one mile of passenger car
driving, the data show that approximately six miles of rented e-scooter riding are required to
replace one mile of passenger car travel. The data show:
1. Over half of e-scooter renters would have walked, ridden public transit, or taken some other
form of micro-mobility.
2. Passenger cars, taxis and ride share services average about one and a half passengers per
trip meaning that on the average it takes more than one scooter trip to replace a trip taken by
a car, taxi, or ride share service.
3. With one exception, Lyft, which employs electric cargo bikes as part of its support fleet, the
scooter rental industry in San Diego has chosen to use ICE powered vans to address the
scattering of its devices by the dockless business model it has adopted.
4. More than one in four e-scooter rides are joyrides, rides taken for fun. Joyrides do not
eliminate any GHGs from other forms of transportation, they only add to GHGs.

19

RECOMMENDATIONS
In the following we make some suggestions that could lead to improvements in the GHG
emissions of the e-scooter rental industry.

Lifespan
The short e-scooter life is a detractor from their environmental performance. Rented scooters
su er abuse from both their users and handling during service. The Internet is rife with
examples of abuse, theft, and vandalism of e-scooters. A longer lifespan will improve the
carbon footprint of any vehicle. However, a more robust and durable scooter will likely require
more materials in its manufacture and so weigh more, thus increasing the carbon footprint of
its manufacture. To be most environmentally friendly e-scooters should be constructed to
optimize service life and GHG of manufacture to achieve the lowest ratio of manufacturing
GHG to service life.

Re-staging / Recharging
The current process for recharging scooters is ine cient from a carbon footprint standpoint.
The current processes, either involve scooters being located, collected and brought to a place
where they are recharged and then moved again to be placed at the start of a day, or, in the
case of removable batteries, vans driven to replace low charge batteries with fresh ones.
Instead a solar powered charging station, such as available from Swift Mile7, o ers a more
e cient system that reduces the emissions associated with the process.
According to Swift Mile, their stations have a 10 year life, weigh 115 pounds, comprising 87%
steel and 13% aluminum, and require twice monthly servicing, primarily to clean the solar
panels. A service person in a metropolitan area can service 500 stations in a 50 mile driving
circuit in one day. If you assume that one charging station charges two scooters per day,
restoring an average of 14 miles of service to each scooter, this process of recharging scooters
creates only 2.5 g CO2 per scooter mile. Thus, this type of scooter charging process could
eliminate almost the entire scooter carbon footprint that results from the charging process.
Alternatively the scooter rental companies could replace gasoline powered vans with electric
vans or e-cargo bikes to service their eets.

Private Ownership
As a technology, in principle, e-scooters could be green. An alternative to the rental industry is
private ownership. An individual, who owns a scooter and uses it primarily for transportation
instead of a car, could reduce his or her own carbon footprint. Having responsibility for an escooter would encourage the user to take better care of it, which will extend its life, reducing
the CO2e/mile created by manufacture. It will also eradicate the need for collecting and
redistributing the scooter. An e-scooter owner who achieves 50% longer scooter life than the
rental companies, achieves a per mile carbon footprint of about 100gCO2e/mi, about 1/5 that
of a passenger car. However, motorized scooters are prohibited from many roads in California
and a more versatile device may be a preferable alternative for private ownership.

7 One of the authors saw the Swift Mile solar-powered charging station displayed at the LA CoMotion conference in
November 2018, and we have chosen to use this as an example of an alternative to the current charging process.
Neither of the authors have any involvement with Swift Mile nor have received nor will receive any compensation
from them for including them in this report.
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Analysis
Currently the City of San Diego does not employ a Life-cycle approach such as demonstrated
by this paper to calculating the GHG emissions associated with the dockless motorized
scooter rental industry. We recommend that it does so.
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APPENDIX 1. BACKGROUND
Motorized rental scooters were introduced to the San Diego market in February, 2018. The
rental companies have promoted their vehicles as a convenient form of transportation for short
trips and distributed them in San Diego’s Downtown, Uptown, and Beach communities. Some
vendors claim that their e-scooters are environmentally friendly by performing a flawed analysis.
The following two figures appeared in a Bird presentation that included their 2020 year
financials.
Figure A1.1. Greenhouse Gas Emissions Claim in Bird Investor Presentation

No information is available either there or on their website, that would enable us to check their
analysis. We are skeptical about the validity of these claims which are in conflict both with our
results and those of other researchers.
As part of their “carbon friendly” messaging, motorized scooter rental companies claim that their
vehicles help the City of San Diego achieve its Climate Action Plan, (CAP), goals, which are to
significantly reduce the carbon emissions of the city as a whole. However these claims are
based on the same apparently flawed type of analysis and the expected benefit is never
realized.
Our estimates indicate that there is no basis to support a claim that the motorized
scooter rental industry reduces CO2e in San Diego. Instead, the results indicate that San
Diego’s dockless motorized scooter rental industry increases emissions and thus is
increasing pollution, not reducing it.
Our analysis examines the key factors that could improve the CO2e emissions of the industry:

1. Increase the lifespan of scooters.
2. Replace the current collection/distribution system of charging with docked solar
powered stations or switch to electric vehicles including cargo bikes.
3. Encourage frequent e-scooter renters to purchase rather than rent.
4. Modify the behavior of renters:
22

a. Increase the proportion of use to replace high GHG emission alternatives.
b. Decrease the amount of use for joyriding.
It is worth noting that these are similar to the recommendations we made over three
years ago. Unless measures are introduced to reduce the net emissions of the industry,
every time an e-scooter is rented and used, San Diego’s GHG emissions are
increased.
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APPENDIX 2. SAN DIEGO e-SCOOTER MARKET METRICS
Any evaluation of e-scooter markets is complicated by the fact that they are dynamic. Business
participant strategies and municipal management of the industry have evolved substantially over
the last few years. Any specific calculations that we make will likely soon be obsolete but the
methodology that we use should enable a quick update using fresh data at any time.
A compilation of market participants and the size and characteristics of the e-scooter fleets is
important to determine the overall and individual vendor GHG impacts. These data, shown
below in Table A2.1, provide information regarding the 14,500 e-scooters permitted by the City
for rental companies for H2 of 2021 and the 10,450 for H1 of 2022.
Because of variations in demand, inoperability and the need for maintenance the full allocation
of the number permitted may not reflect the number deployed and offered for rent. Using both
pre- and post-pandemic restrictions data provided by the City of San Diego8,9 we estimate the
average deployment rate for these e-scooters as 60% in H2 of 2021.10

Table A2.1. San Diego e-Scooter Fleets
Vendor

H2 of 2021

H1 of 2022

Weight, lbs

Weight,
MT

Life,
months

Permitted

Deployed

Permitted

Bird

6,000

3,600

3,600

33.8

0.0153

7

Lime

2,000

1,200

1,950

40

0.0182

7

Link

1,500

900

1,500

42

0.0191

7

Lyft

1,750

1,050

1,000

29

0.0132

7

Spin

1,500

900

1,250

40

0.0182

7

Veo

1,000

600

400

40

0.0182

18

750

450

750

35

0.0159

18

14,500

8,700

10,450

Wheels
Total

The data on weight and lifespan were provided by industry experts who have participated in and
are familiar with it.

Weekly Scooter Metrics, City of San Diego, 2019-2020 available at https://www.safewalkwaysusa.com/wpcontent/uploads/2022/01/Weekly-Scooter-Metrics-12-31-20.pdf.
8

Calculation of the percentage of permitted scooters deployed using data supplied by the City of San Diego is
available in an Excel formatted file at https://www.safewalkwaysusa.com/wp-content/uploads/2022/05/
San_Diego_Vehicles_Raw-Data_8_1_2021-to-2_12_2022.xlsx.
9

10 A report

by the City of San Diego’s Sustainability and Mobility department issued on April 15, 2022 indicates
deployment was 68% in January of 2022 and that that later declined to 54% viewed at https://
sandiego.hylandcloud.com/211agendaonlinecouncil/Documents/ViewDocument/Staff%20Report%20for%20%20%20().pdf?meetingId=5071&documentType=Agenda&itemId=210624&publishId=581375&isSection=false on
May 22, 2022.
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One vendor claims longer e-scooter lives than listed in Table A2.1. We believe that the values
from our experts are reliable.
Some vendors sub-contract the operational management of their fleet. The primary activities of
operational managers are to recover e-scooters that have been left in undesirable locations and
relocate them to sites where they have a high probability of being rented. They are also
responsible for recharging e-scooter batteries and maintaining the vehicles. Both rental
companies and the sub-contractors use fleets of vans to move and recharge e-scooters.
In addition, two enforcement companies are associated with the industry and their GHG
emissions must be included in our analysis. Sweep, is a company contracted by the city to
impound scooters in the public domain and Scoot Scoop is a private entrepreneurial company
serving private property owners by collecting scooters from places where they have been
illegally or improperly placed or where they may be causing a hazard or nuisance. These
companies also use vans and therefore are contributors to the GHGs that result from this
industry.
Table A2.2 provides the details regarding these support vehicles.
Table A2.2. Dockless e-Scooter Support Fleet Sizes
No. of
Vans

Days/
Week

Hours/Day/
Van

Van-Hours/
Day

5

7

24

120

2

2

7

4

Lime

6

7

24

144

144

Lyft

3

7

24

72

72

20

7

24

480

3

2

6

5

Veo

2

7

24

48

48

Link

2

7

24

48

48

Spin

2

7

24

48

48

Sweep

1

7

8

8

8

Scoot
Scoop

1

7

8

8

8

Vendor
Wheels

Bird

Total Van-Hrs/
Day
124

485

These support vans create GHG from their manufacture, operation and servicing. The GHG
produced by them must be attributed to the scooters which they support. The analysis for
support van GHG creation is shown in Appendix 7 and summarized in Table A7.6, which shows
a total GHG of 849.3 CO2e/mi of support van driving.
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APPENDIX 3. HOW e-SCOOTERS ARE USED
Our interest is to determine the NET carbon impact of the scooter rental industry in San Diego.
To calculate this we must understand:
• the various modes of transport that e-scooters replace,
• the amount of transport replaced by rented scooters for each of these modes, and
• the carbon footprint of both rental scooters and each of the modes that they replace.
Some overly simplistic studies account for only the energy used to propel the vehicle and make
the awed assumption that each scooter mile ridden eliminates one passenger car mile driven
and so incorrectly claim that the e-scooter industry is very green.
The usage of automobiles and scooters is not the same. Passenger vehicles are used almost
exclusively as a utility to transport passengers and goods from one location to another. Scooters
have two uses: entertainment and transportation.
To identify how e-scooters replace other forms of transportation we reference the paper, “What
Travel Modes Do Shared e-Scooters Displace? A Review of Recent Research Findings”, by
Kailai Wang et al., and published in the journal, Transport Review11. Those authors compiled
research data, including marketing usage and attitudes data, from thirty-four di erent e-scooter
market studies, most of which were conducted independently. The various researchers did not
all collect the same data or use the same techniques. The Wang et al. paper consolidates these
studies and resolves di erences among them so one can better understand the characteristics
and dynamics of the industry and includes extensive data detailing the modes of transportation
that e-scooters replace. It classifies the transportation modes replaced by e-scooters into five
categories.

1. Driving Alone
2. Taxi or Transportation Network Companies (TNC)
3. Public Transport
4. Walk
5. Micro-Mobility
In their classification system, the category, “Driving Alone” includes Car Sharing and Car
Pooling, so this classification may include trips with a driver and one or more passengers. As a
result we use the label “Private Car” to avoid confusion.
Transportation Network Companies includes companies such as Uber and Lyft which use the
internet as the primary method for passengers to request transportation. This classification and
Taxi also include trips with a driver and one or more passengers.
For those modes where more than one person may be being transported we allow for the
average number of persons transported by each mode, (the occupancy rate), in our
calculations.
The data were collected from a variety of studies conducted in many parts of the world. We
have shown all the data, but we will use only the data from the United States to develop a USA
average because it is most likely to be the most relevant to the San Diego market. Twenty three
Wang, Kailal, Qian, Xiaodong, Fitch, Dillon Taylor, Lee, Yongsun, Malik, Jai Circella, Giovanni
What Travel Modes Do Shared e-Scooters Displace? A Review of Recent Research Findings.
January 7, 2022
11
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out of thirty four, (68%), of the studies were undertaken in the United States. The data are
shown in Table A3.1 and summarized in Figure A3.1.

Figure A3.1. Modes of
Transporta on Replaced
by Dockless e-Scooters
Micro-mobility
10%

Private Car
16%

Walk
39%

Taxi or TNC
26%
Public transport
9%

ti
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It is notable that the most common mode of travel replaced by rented scooters is walking and
that over half the miles ridden by rented scooters would have been undertaken by walking,
public transportation or micro-mobility, such as a personal scooter. As is shown in Figure A3.1,
only one out of six e-scooter miles driven replaces a Private Car mile.
In contrast to the diagram used for the Bird presentation shown in Appendix 1, fty-eight
percent of the alternatives that scooter renting replaced were low or no carbon alternatives
(Micro-mobility, Walking and Public Transport). In Appendix 4 we examine each of these modes
of transportation to determine how to quantify them in a way that enables us to calculate their
GHG contributions and thus calculate the GHGs saved when a scooter is rented to replace
them.

APPENDIX 4. GHGs PRODUCED BY THE TRANSPORTATION
MODES REPLACED BY e-SCOOTERS
Walking
Walking consumes calories which are obtained from food production and distribution, both of
which create GHGs. However, the relevant calories are the marginal additional calories required
for walking over those required for the person’s resting state and during the time otherwise
spent driving a scooter. In San Diego no additional calories are consumed for the purpose of
walking for transportation as the amount of food consumed is often in excess of needs and
whether or not a person walks, say to a transit stop, does not a ect their marginal food
consumption. Therefore we treat the GHG emissions associated with walking as zero, which
conforms with other studies12,13,14.

Public Transport
Replacing a public transportation trip with an e-scooter trip results in no reduction in GHGs.
Again the marginal effect is what is important. If a seat on a bus, trolley, train, or other means of
public transportation is made vacant because someone has taken a scooter ride instead, that
transport still takes the same route and produces the same carbon emissions as if that escooter rider had taken the public transport. Thus the marginal effect of scooter substitution for
public transport is zero.

Micromobility
This category refers to the replacement by a rented scooter of a trip using another micromobility device such as a privately owned scooter. In Appendix 9 we calculate the GHG
emissions associated with a privately owned motorized scooter based on conservative
estimates of durability. One that only lasts a year has a 70% longer lifespan than most of the
rentable scooters. Using this figure the GHG emissions ascribed to Micromobility are 95 gCO2e/
mile.
12

Baumgardner, Wendy How Many Calories Do You Burn Walking Per Mile? https://
www.verywell t.com/walking-calories-burned-bymiles-3887154#:~:text=Your%20weight%20and%20the%20distance,Your%20walking%20speed%20m
atters%20less
13

Levine, Robert V., Norenzayan, Ara The Pace of Life in 31 Countries Journal of Cross-Cultural
Psychology. 30 (2): 178–205.
14

Ketchum, Dan How Many Calories Are Burned Daily by Active and Sedentary People? https://
www.livestrong.com/article/312510-how-many-calories-are-burned-daily-by-active-sedentary-people/
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This leaves two modes of alternative travel: Private Car and Taxi / Transportation Network
Companies (TNC).

Private Car
As mentioned previously, the Wang et al. paper includes carpooling and car sharing in the
classification Private Car. Of the five categories of alternative transportation Private Car and
Taxi/TNC are the only categories that involve driving a personal passenger vehicle. Some
Private Car trips, such as carpools, transport more than one person. Conservatively we assume
that if a carpool trip containing X number of people is replaced by dockless e-scooters every
participant in that carpool uses a scooter. That means that a single carpool trip with X
participants would transform into X scooter trips of the same distance. In other words the
number of passenger vehicle miles saved when a carpool with X participants converts to
dockless e-scooters can be stated as:
MPV = MSPV/OPV
Where
MPV = Passenger Vehicle Miles Eliminated when replaced by scooter travel
MSPV = Scooter Miles created by passenger vehicle replacement
OPV = the average occupancy rate of a passenger vehicle.

Private Car Occupancy Rate
The Texas A&M Transportation Institute’s Mobility Division provides technical and analytical
capabilities to assist in managing the nation’s transportation system. In 2021 they released the
2021 Urban Mobility Report15 which focuses on the congestion issues facing the nation’s
transportation system. As part of this study they determined that the average passenger vehicle
occupancy is 1.5 persons. This includes the driver.
This indicates that a one mile passenger vehicle drive, when transitioned to scooter service,
results in 1.5 miles of scooter travel. Or restated, for scooters that have replaced car miles, each
e-scooter mile ridden results in a reduction of 0.67 passenger vehicle miles.

Taxi or TNC
There are two key factors we must consider in determining how many equivalent passenger
vehicle driven miles are eliminated when a rider converts from Taxi/TNC mode to an e-scooter.

1. What is the average passenger occupancy rate for Taxi/TNC service
2. How many taxi/TNC miles are replaced per mile of e-scooter riding.
To accomplish this we first need to understand the market shares of each because taxis and
TNCs operate differently and these differences result in a difference in the number of taxi miles
replaced by a mile of e-scooter travel compared with the number for TNC.
The TNC/Taxi business is dominated by TNC with TNC continuing to gain market share over
taxis as shown in Figures A4.1 and A4.2.
Schrank, David, Albert, Luke, Eisele, Bill, Lomax, Tim 2021 Urban Mobility Report https://
static.tti.tamu.edu/tti.tamu.edu/documents/mobility-report-2021.pdf
15
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FIGURE A4.1. TNC AND TAXI
RIDERSHIP TRENDS

FIGURE A4.2. TNC AND TAXI RIDERSHIP
TRENDS, CONT.

For the purposes of this study we approximated the composition of the category “Taxi or TNC”
as 10% taxi and 90% TNC. Rental cars are not considered as these had not been identi ed as
an alternative that scooters replaced.

Taxi or TNC Passenger Occupancy Rate
As with the category “Private Car”, taxis and TNCs often travel with more than one passenger.
We need to account for the passenger occupancy rates, as we did for passenger vehicles.
However, unlike Private Car, in this case the rate excludes the driver.
The California Air Resources Board has performed detailed analyses16 of the TNC industry.
Their report contains data regarding TNC passenger rates in San Diego. Several studies were
performed. The largest, which included one hundred and forty-seven data points, yielded an
average occupancy rate of 1.46 passengers. This result was typical of most of the studies.
Since this transportation mode is dominated by TNC, we will use 1.46 as the average
occupancy rate for both taxi and TNC services which is quite close to the typical privately
owned passenger car occupancy rate.
We now have an equation, similar to our “Private Car” equation, that calculates the number of escooter miles created by replacing taxi transportation by rented scooter transportation.
MTX = MSTX/OTX
Where:
MTX = Taxi Miles Eliminated when replaced by scooter travel
MSTX = Scooter Miles created by taxi replacement
OTX = the average occupancy rate of a taxi = 1.46
Thus when e-scooter travel replaces taxi travel, one mile of scooter travel on the average
eliminates 0.68 miles of taxi driving.

16

California Air Resources Board, Clean Miles Standard, 2018 Base-year Emissions Inventory Report
https://ww2.arb.ca.gov/sites/default/files/2019-12/SB%201014%20%20Base%20year%20Emissions%20Inventory_December_2019.pdf
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The Operational Difference Between Taxis And TNC Vehicles:
Deadheading
Deadheading refers to the mileage created as a TNC vehicle is driven to be advantageously
positioned to acquire a passenger. TNCs have substantially higher levels of deadheading than
Taxis.
Taxis position themselves either in locations where passengers can easily find them, or close to
frequent pick up sites to which they can be quickly dispatched. Staging taxis in proximity to
potential customers is key to their business model. One can often see taxis parked near hotels,
airports, public transportation centers, convention centers, sports parks, downtown areas where
there are restaurants, bars, and entertainment, etc. It is common for taxis to ferry passengers
back and forth among these venues. Because of this advantageous positioning, taxis have very
little deadheading.
TNCs, on the other hand, rely on constant repositioning to compete with other drivers so that
they are in the best position to be selected.
As a result, each TNC ride is comprised of the passenger trip plus a certain amount of
deadheading. If a passenger converts from TNC service to e-scooter service it results in two
effects:

1. There is a reduction in the amount of carbon emissions produced by the TNC to
transport the passengers.
2. There is an increase in emissions produced by the TNC as additional
deadheading is required to optimally position itself to acquire the next passenger.
Table A4.1 shows data compiled by the Union of Concerned Scientists detailing TNC
deadheading rates in several United States metropolitan areas.

Table A4.1. TNC Deadheading Percentage

The average deadheading of TNC is 41.6%. The loss of a TNC passenger increases the
amount of miles TNC drivers will have to deadhead to nd another passenger. Every TNC
vehicle mile lost to the e-scooter market results in an increase in 0.416 miles of TNC vehicle
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deadheading. It could be argued that when a passenger converts from TNC service to escooter transport, there is no reduction in TNC vehicle miles traveled because the vehicle must
continue to operate to optimally position itself. For the purposes of this study we will use the
more conservative 0.416 miles increased due to deadheading and 1 mile reduced by not
transporting passengers. Knowing that the business shares are 90% TNC and 10% Taxi
Average % Deadheading for Taxi/TNC =
90% x 0.416 + 10% x 0 = .37
The Deadheading Factor, Do, is (1-0.37) =0.63
which accounts for the fact that for each passenger mile of Taxi/TNC service replaced by a
scooter 1 mile of driving is eliminated, but 0.37 more miles are driven to acquire another
passenger(s).
We now combine the foregoing results to calculate the GHG emissions eliminated for the
category “Taxi/TNC”. In doing so we derive a deadheading factor for Taxis and TNC vehicles,
(DO), their the deadheading factor for each weighted by the market share of each.17
Thus the equation to calculate the impact of replacing Taxi/TNC travel with scooter travel is:
MTN = DO x (MSTN/OTN)
Where:
MTN = Taxi/TNC Miles Eliminated when replaced by scooter travel
DO = Weighted Deadheading Factor for Taxi/TNC = 0.63
MSTN = Scooter Miles created by Taxi/TNC replacement
OTN = the average occupancy rate of a both a Taxi and TNC vehicle = 1.46
We calculate that when TNC and Taxi service is converted to e-scooter service one mile of
scooter service results in an average reduction of 0.43 miles of Taxi/TNC vehicle miles driven.
In summary then our calculations indicate that one mile of scooter travel reduces:
• 0.67 miles of travel by Private Car, and,
• 0.43 miles of travel by Taxi/TNC.

17

(0.9 x [1 - 0.416]) + (0.1 x 1) = 0.63
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APPENDIX 5. JOYRIDING
Renting a scooter for entertainment only does not reduce the use of another form of
transportation. To distinguish scooter trips for transportation from those for entertainment we
use the term “Joyrides’ for the latter. To quantify the amount of joyriding we return to our
previously referenced Wang et al.paper2.
Three of the studies referred to by Wang et al, conducted in Portland, OR, Santa Monica, CA,
and Denver, CO, include assessments of the amount of Joyriding that occurred in these
markets. These data are shown in Table A5.1.
Table A5.1.
Joyriding % of Scooter Trips

Market

% Joyrides

Portland

28.6

Santa Monica

26.0

Denver

27.0

Average

27.2

Across all three the proportion of joyriding is quite similar and signi cant in that all are greater
than 25%.
We refer to the fraction of rides that are for transportation, not joyriding as the Transportation
Factor, (TF), and calculate this as the residual after deducting the joyriding percentage shown
above:
TF = 1- 0.272 = 0.728.
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APPENDIX 6. CALCULATING THE GHGs ELIMINATED BY ESCOOTERS
The Emissions Of Transportation Modes Eliminated By
Rental Scooter Trips
Given the foregoing, we can now calculate the emissions eliminated by renting e-scooters to
replace various travel modes, (E/mi). The results for this section are initially separated into two
groups: those for which the calculations are simple and those for which they are more
complex.

Walking, Public Transport and Micromobility
The analysis in Appendix 4, shows that rented scooters are used to replace ve alternatives, for
two of which, walking and public transport, there is no saving of GHGs. The GHG Saved
shown in the far right column of Table A.6.1A result from multiplying the proportion of scooter
trips that replace a mode (% Replacement) by the GHG emitted by that mode.
Table A.6.1A GHGs Saved By Scooters That Replace Other Transport Modes
GHG of Mode
GHG Saved
Mode
% Replacement
gCO2e/mi
gCO2e/mi
Public Transport

9

0

0

Walking

39

0

0

Micro-Mobility

10

95

9.5

Total

58

9.5

Renting a scooter to replace either walking or public transport does not eliminate any GHGs.
Public transport runs fixed equipment over predefined routes. If a passenger rides an e-scooter
instead it does not change the energy consumption and resulting GHG produced.
Walking the distance of a typical e-scooter trip would not burn enough calories to change either
one’s appetite or food consumption and in the time saved by an e-scooter trip over walking one
would probably burn as many calories.
Replacing a micromobility trip (e.g. using a rental scooter to replace a trip by a privately-owned
scooter) saves a small amount of GHGs. To calculate this we use the calculations for the GHGs
of rented scooters adjusted for a longer lifespan and zero support vans as shown Appendix 9.
Conservatively we have used the 170% longer lifespan of private ownership (i.e. one year),
versus rented shown in Table 9.1 which accords with the minimum likely lifespan stated for
privately owned scooters by experts - see Appendix 9 and remarks by Nely Hayes.
Importantly, Table A6.1.A shows that, when scooters are rented, 58% of the trips made with
them produce no or very low savings in GHG emissions.
The calculation of the GHG savings for the other two modes that rented scooters are used to
replace, Private Car trips and trips by either Taxi or Transport Network Companies, (TNC), such
as Uber and Lyft, is more complex. However all these transportation modes use the same form
of vehicle: the automobile.
There are two complications in calculating the emissions of the remaining modes all of which
use automobiles:
• All these modes often carry multiple passengers, and,
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• TNC vehicles, (but not Taxis or Private Cars), are subject to “deadheading”, the practice of
driving to best position the vehicle to acquire a passenger.
To best allow for these factors it is most practical to rst determine the e ect of scooter
substitution in terms of passenger car miles saved and then to use the GHG produced by a
passenger car calculated in Appendix 7 to make the nal calculation.

Table A6.1.B Miles of Passenger Vehicles Saved By Scooters
% Replacement

Passenger
Occupancy

Deadheading
Factor

Passenger
Vehicle Driving
Saved, Miles

Private Car

16

1.50

1

0.11

Taxi / TNC

26

1.46

0.63

0.11

Mode

Total

0.22

The Passenger Vehicle Driving Miles Saved is determined by dividing the % Replacement by
Passenger Occupancy and Multiplying by the Deadheading Factor.
Taking the results of Tables 6.1.A and 6.1.B allows us to calculate the total GHGs saved by
riding a scooter for one mile, (E/mi):
E/mi = TF x (9.5 gCO2e/mi + 0.22 x CO2ePV/mi)
Where:
E/mi is the GHG of other transport modes eliminated by replacing them with rented escooters.
TF is the Transportation Factor, (0.728), the fraction of scooter rides that are for
transportation, not joyriding.
CO2ePV/mi is the GHG that results from one mile of Private Car driving.
Therefore,
E/mi = 6.9 gCO2e/mi + (0.160 x CO2ePV/mi)
To complete the calculation of the GHGs eliminated by e-scooters and to determine the net
GHG emissions of the industry, we next calculate the GHG emissions of a passenger car and
those of a scooter.

Calculating The Emissions Per Mile For Both A Passenger
Car And A Rented Scooter.
We found two major sources of GHG production common to the life cycles of both scooters
and passenger vehicles and one speci c only to rented scooters. These are:
1. Manufacture and Maintenance: The manufacture and maintenance of both passenger
vehicles and scooters emit GHGs. Below we calculate these separately.
2. Operation: How much gasoline is used by a passenger car and how much is electricity is
used to power an e-scooter over the same distance. Both create GHG emissions.
3. Support Service: Unlike passenger cars dockless rented scooters need to be collected for
repositioning, recharging and maintenance. The GHGs associated with doing so must be
assigned to the scooter rental industry’s carbon emissions.
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We explain our calculations for 1. and 2. for both Private Car and rented scooters next.

Private Car And Rented Scooters: Manufacturing
Maintenance and Operation GHGs
For passenger cars this can be expressed as the sum of three elements creating emissions
during the life of the vehicle:
• Manufacture
• Maintenance.
• Operation.
that is:
GHG per Passenger Vehicle mile, PV = PVM + PVO + PVS
Where:
PVM is the GHG resulting from passenger vehicle manufacture allocated over the
vehicle’s life.
PVO is the GHG resulting from vehicle operation of 1 mile.
PVS is the GHG resulting from vehicle maintenance allocated over the vehicle’s life in
miles of transportation provided.

Manufacture
Manufacturing plays a significant role in GHG emissions. The manufacturing carbon footprint of
automobiles and scooters is largely a function of the materials of which they are made and the
energy consumed from first extracting raw materials from nature and converting them into
refined commodities suitable for use in vehicle production.
For example iron ore must be mined and transported to a mill where it is converted to steel
ingots, an energy intensive process. Later the ingots are heated to red hot and then rolled in a
hot strip mill, another energy intensive process, in which it is reformed into rolls of sheet steel.
Vehicle factories bring in rolls of steel and stamp, press, and form them into different shapes,
coat them, and finally assemble them, processes far less energy intensive than employed in the
production of the rolled steel. Aluminum production is a similar energy intensive process, but
uses electricity to convert bauxite to aluminum metal via electrolytic reduction.
To determine the carbon emissions per mile of a passenger car or a scooter we must
determine the composition of materials and identify the carbon emissions resulting from
producing those materials, forming them into the proper shapes, and assembling them. To
enable comparisons of the emissions of di erent vehicle types we then divide the total carbon
footprint of the vehicle by the average number of miles that vehicle will travel over its life.
Scientists have identi ed the material composition of a typical passenger car18 as shown in
Table A6.2. The GHG per MT generated from production of these materials is also shown19.
Nealer, Rachel, Reichmuth, David, Anair, Don, Cleaner Cars from Cradle to Grave https://
www.ucsusa.org/sites/default/files/attach/2015/11/Cleaner-Cars-from-Cradle-to-Grave-full18

report.pdf

Cusman-Roison, Benoit, Cremonini, Bruno Tanaka, Data, Statistics, and Useful Number for Environmental
Sustainability
19
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Table A6.2 Carbon Emissions Per Metric Ton of Materials Used in Automobile Manufacture
Automobile Makeup

Emissions Associated
With 1g of Material

Completed Automobile
Emissions per gramme of
automobile

%

gCO2e

gCO2e

Steel

62

2

1.240

Cast Iron

11

1.5

0.165

Aluminum

7

12

0.840

Copper/Brass

2

3.7

0.074

Plastic (HDPE)

11

3.6

0.396

Rubber (Butyl)

3

6.6

0.198

Other

4

5.9

0.236

Material

Sub-Total

3.149

100

0.500

Manufacturing
TOTAL

3.649

Based on a review of data in the above reference we have included an estimated value of 0.5 g
CO2e/g for additional CO2 generated in Manufacturing by the nishing processes to convert
these materials into a vehicle.
The EPA reported the average vehicle weight for model year 2021 was 4,166 pounds20. As can
be seen from the EPA’s chart, Figure A6.1 below, average vehicle weight has remained
relatively stable since the early 2000’s so 4,166 pounds, (1.89MT), can be used as a reasonable

FIGURE A6.1. EPA NEW VEHICLE STATISTICS

The EPA Automotive Trends Report 2021.
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estimation of the average weight of the existing fleet of automobiles. The manufacture of a
vehicle weighing 4166lbs, (1.89MT), is therefore 6.9MT CO2e.
Our calculations must allow for differences in the productive lifespan of vehicles. We do so by
dividing the emissions from the manufacture of a vehicle by the total miles of transportation
provided by the vehicle during its expected life.
A typical passenger car should last 200,000 miles or more21, according to Rich White, executive
director of the nonpro t Car Care Council.
Using this figure we determine the average CO2e/mile emissions that result from automobile
manufacture, which comes to 34.5 g CO2/mi. The unit “g CO2e/mi” becomes the common
comparative measure used in our calculations.
The Greenhouse Gas Emission Equivalent from Passenger Vehicle Manufacture = 34.5 g CO2e/
mi

Operation
The US government’s rule of thumb is that one gallon of fuel combustion results in the formation
of 20 pounds of CO2e22.
In addition, we must include the carbon footprint of extraction, transportation, and refining steps
required to produce gasoline. A study undertaken by Stanford and published in Science23,
estimates the carbon footprint of petroleum fuel manufacturing at about 15 – 40% of their
consumption footprint. Taking a mid-range value of 27.5% yields a simple calculation of 5.5
pounds for manufacturing or a total footprint of 25.5 pounds of CO2e per gallon of consumed
fuel.
According to the Bureau of Transportation Statistics24, today’s passenger vehicle eet has an
average fuel consumption of 22.9 miles per gallon. The CO2e emissions per mile, is derived by
dividing the amount of CO2e created by combustion per gallon of fuel burned by the number of
miles travelled per gallon, i.e. 25.5 pounds / 22.9 miles = 1.11 lbs CO2e/ mi = 503.9 g CO2e/mi.
GHG produced from operating a passenger vehicle.

Maintenance
Both automobiles and e-scooters need maintenance. Worn parts must be replaced, and for
automobiles functional fluids must be refreshed. There are Greenhouse Gas Equivalent
Emissions that result from this maintenance. The next two sections detail the key maintenance
performed on passenger vehicles and dockless e-scooters and identify the Greenhouse Gas
Equivalent Emissions that result from them.

Budd, Ken, How Today's Cars Are Built to Last, AARP, Nov. 1 2018 https://www.aarp.org/auto/trendslifestyle/info-2018/how-long-do-carslast.html#:~:text=A%20typical%20passenger%20car%20should,Lyman%2C%20chief%20analyst%20at%20TrueCa
r
21

22

https://www.fueleconomy.gov/feg/contentIncludes/co2_inc.htm

23

http://science.sciencemag.org/content/361/6405/851

24

Bureau of Transportation Statistics, National Transportation Statistics 2021

fl

fi

38

Automobiles require tire changes, oil changes, and transmission fluid flushes.
Tires
Tire related GHGs need to be amortized over the life of the vehicles. As with vehicle life, we
identify the additional number of sets of tires that need to be purchased over the life of the
vehicle, multiply it by the carbon footprint of a single set, and divide that value by the 200,000
mile life of the typical vehicle The average tire on the market according to Dan Zielinski,
spokesman for the U.S. Tire Manufacturers Association, is designed to last about 60,000
miles25.
The Centre for Remanufacturing and Reuse states that the carbon footprint for a typical
automobile tire is 86.9 kg CO2e26 which comes to 345.6 kg CO2e for a set of four.27 Over the
200,000 miles of its life, a typical passenger vehicle will have three tire changes at 60,000,
120,000, and 180,000 miles. This yields a carbon footprint of 1.04 MT for all the tire changes.
Applying this value over the lifetime passenger vehicle milage yields a CO2e footprint of
manufacture for four tires of 5.2 g CO2e/mi.
Engine Oil Changes
According to J. D. Power28 passenger vehicle manufacturer recommended oil change intervals
are around 5000 miles.
Improved fuel technology, advanced engine technology such as direct gasoline injection and
variable valve timing, and hydrotreating techniques used to refine lubricating oil base stocks
have combined to enable longer times between oil changes. The authors estimate the carbon
footprint of an oil change is about 15 kg CO2, which equates to 3 g CO2e/mile.
Transmission Fluid Changes
Transmission fluid changes are more complex than motor oil changes because draining the
transmission fluid leaves a substantial amount of old fluid in the torque converter. It has been
increasingly popular to flush transmissions with machines particularly designed for this purpose.
Transmission flushes require much more fluid than a traditional drain and refill, but do a much
better job of removing the used fluid. A typical transmission flush requires about 4 gallons of
fluid. The authors estimate the carbon footprint of a transmission fluid flush is about 40 Kg CO2e
footprint. CarFax29 cites typical OEM recommended transmission change intervals of 25,000 for
severe service, such as trailer towing, to 125,000 miles normal driving. Some transmissions are
designed for the fluid to never need changing.
Using a mid-range value of 60,000 mile yields 0.7 g CO2e/mile.

25

https://vatire.com/car-maintenance-tips/how-long-should-tires-last-6-factors-to-consider/

https://www.vehicleservicepros.com/shop-operations/collision-repair/business-and- nance/
article/21171888/new-study-looks-at-carbon-footprints-of-tires-retreads
26

We have made no allowance for the use and replacement of a spare, fifth, tire in our calculations
therefore implicitly regard it as never needing to be replaced.
27

Braga, Beverly, How Often to Change an Engine Oil Filter. https://www.jdpower.com/cars/
shopping-guides/how-often-to-change-oil- lter.
28

https://www.carfax.com/blog/transmission-fluid
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This brings the total automobile carbon footprint resulting from the three types of maintenance
to 8.9 g CO2e/mi.
The data are summarized in the Table A6.3

Table A6.3
GHG Equivalent from Passenger Car Maintenance
Type Of Service

GHG, g CO2e/mile

Tire Changes

5.2

Motor Oil Changes

3.0

Transmission uid Changes

0.7

Total

8.9

Overall
The total GHG produced by a mile of passenger vehicle driving is shown in Table A6.4.
Table A6.4
Total GHG/mi Produced by a Passenger Car
Source
Manufacture
Operation
Maintenance
Total

CO2ePV/mi
gCO2e/mile
34.5
503.7
8.9
547.1

We can now calculate the GHG eliminated from the transportation modes replaced by escooters.
From Appendix 5 we have:
E = SMT x (6.9 gCO2e/mi + 0.160 x gCO2ePV/mi)
E = SMT x 95 gCO2e/mi.
Where:
E = The Total GHG emissions of other transportation modes eliminated by scooters per
period.
SMT = Scooter Miles Traveled
CO2ePV/mi = The GHG emissions per mile of a passenger car.
In order to calculate the NET emissions of the dockless scooter rental industry we need to
calculate the GHG emissions it creates which we do in Appendix 7.
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APPENDIX 7. CALCULATE THE GHG/MI FOR A RENTED eSCOOTER
We can do the same kind of analysis for a rented e-scooter. We sum the contributions from
Manufacture, Operation, and Maintenance. In the case of scooters the primary comes from
retrieving, relocating and repositioning the scooters to locations where they are more likely to be
rented or for charging or maintenance. In most cases support vans are used to carry out this
function.

Manufacture And Maintenance
We assume that the material composition is the same for a scooter as for an automobile.
Precise compositional information for scooters is not readily available, but a visual examination
of a scooter indicates that its composition does not appear to be very different from that of an
automobile.
For this report, data regarding the weights and life spans of dockless e-scooters were obtained
from interviews with those familiar with the e-scooter business. We have broken down the data
by rental company because there is the potential for differences among them. The data we have
been provided are shown in Table A7.1.
Table A.7.1 Scooter GHG from Manufacture
# of
Scooters
Permitted

Weight, lbs

Weight, MT

Bird

6,000

33.8

0.0153

55,995

7

Lime

2,000

40

0.0182

66,266

7

Link

1,500

42

0.0191

69,579

7

Lyft

1,750

29

0.0132

48,043

7

Spin

1,500

40

0.0182

66,266

7

Veo

1,000

40

0.0182

66,266

18

750

35

0.0159

57,983

18

Operator

Wheels

GHG, gCO2e Life, months

To amortize the emissions over the miles a scooter travels over its life we calculate the average
number of trips a scooter makes daily using data provided by the City of San Diego: the
Weekly Scooter Metrics report and, more recently, from Populus.
The pandemic resulted in upsets to many businesses, including the dockless e-scooter rental
business. To avoid inclusion of pandemic related outliers we refer to the data from the second
half of 2019, (see Table A7.2), as well as the first half of 2022. By dividing the total number of
scooter trips per day by the number of scooters deployed, (60% of the number permitted, on
average), we calculate: Average number of scooter trips per day per scooter = 1.66 30
The report cited in footnote 10 confirms the accuracy of this estimate stating that in H2 of 2020 there were 3,000
scooters deployed and 5,000 trips, yielding an average of 1.67 trips per day and in H2 of 2019 there were 1.8 trips
per day.
30
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Table A7.2 San Diego Scooter Data
Wk Beginning Deployed
Trips
7/12/19
16303
33852
7/19/19
17395
27549
7/26/19
14301
23393
8/2/19
12525
22220
8/9/19
14087
23795
8/16/19
13994
21750
8/23/19
12448
19693
8/30/19
12339
20382
9/6/19
12491
17277
9/13/19
10869
11250
9/20/19
9308
16455
9/27/19
8697
17151
10/4/19
7821
14172
10/11/19
7341
14689
10/18/19
7441
13518
10/25/19
7163
12863
11/1/19
7595
12744
11/8/19
8060
13328
11/15/19
7683
12726
11/22/19
6930
10073
11/29/19
6669
7863
12/6/19
5649
8649
12/13/19
4917
7702
12/20/19
4290
5743
12/27/19
4053
9154
Total
240369
397991
Trips/Deployed Scooter
1.66
Next we need to estimate the number of miles per trip.
Referring back to Wang et al. we see the mean trip lengths for major metropolitan areas in Table
A7.3.
The average trip length is 1.92 miles, which is the value we use in our calculations.
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Table A7.3.
Mean Trip Length (mi)
Portland

1.9

Santa Monica

2.1

Denver

1.5

DC

2.0

Loouisville

2.1

Average

1.92

Multiplying the average trip length in miles by the average number of trips yields:
Average scooter travel per day = 3.2 miles
Accounting for the fact that the deployment rate is 60% enables us to calculate scooter lifetimes
in miles as shown in Table A.7.4:
Scooter miles of life = Life in days x deployment rate x miles traveled/day

Table A7.4
e-Scooter Life by Operator
Life, months

Life, Days

Life, Miles

Bird

7

213

409

Lime

7

213

409

Link

7

213

409

Lyft

7

213

409

Spin

7

213

409

Veo

18

575

1,051

Wheels

18

575

1,051

Vendor

Finally we can calculate the CO2e/mi that results from their manufacture for each vendor. The
results are shown in Table A7.5.
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Table A7.5
Greenhouse Gas Emission Equivalents from Manufacture
Life, miles

GHG, gCO2e

GHG, gCO2e/mi

Bird

409

63,781

156

Lime

409

66,266

162

Link

409

69,579

170

Lyft

409

48,043

118

Spin

409

66,266

162

Veo

1051

66,266

63

Wheels

1051

57,983

55

Vendor

Note that because of their longer life, the Veo and Wheels scooters have the longest service
lives and the lowest Greenhouse Gas Emissions Equivalents per mile, but the manufacturing of
all e-scooters emit signi cantly more GHG per mile than manufacturing a typical passenger
vehicle, (3.649 gCO2e/mi).
The factors in this calculation, lifespan, weight, frequency of use and distance travelled are interrelated. For instance, increasing the weight of a scooter to make it more durable and thus last
longer will increase the emissions associated with manufacture. Increasing the frequency of use
or distance travelled will decrease the lifespan of the scooter and require more to be
manufactured for a given size of rental fleet.
The difference between the values, which may strike the reader as surprising at first, is affected
by the significant difference in the life spans, and thus productive miles of transportation, of the
various e-scooters.
In terms of maintenance e-scooters do not require an oil change or change of transmission
fluids. They have two small tires and our industry expert informs us that they are not changed by
vendors during the lifetime of the vehicle.

Operation
Calculating the CO2e emissions for e-scooter operation is more complex. Since scooters are
electrically powered we have to understand how the electrical system generates its electricity
and quantify the CO2e emissions associated with that electricity production.
Electricity in San Diego is provided by a monopoly supplier, SDG&E, which produces most of its
power from natural gas. Gas is a highly desirable fuel for electricity production as it enables the
supplier to operate turbines at peak efficiency conditions.
The US Energy Information Administration provides data that show that California energy
production, with an energy source mix similar to SDG&E’s, emits approximately 0.455 g CO2e/
watt-hr31.

https://www.eia.gov/electricity/state/california/
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A typical scooter with a 300 watt engine and 474watt-hr battery can travel up 25 miles on a
single charge. This is an energy consumption rate of 18.9 watt-hr/mi32.
To calculate the GHG emissions for scooter operation we simply multiply the emissions of 0.455
g CO2e/watt-hr by 18.9 watt-hr/mi which yields:
8.6 gCO2e/mi = GHG/mi production for scooter operation.

Scooter Support Services
Calculating the GHG equivalent of servicing e-scooters is easier than in our previous report. The
business model has been greatly simplified. Before the pandemic the e-scooter rental
companies licensed individuals to compete with one another in a recovery hunt for their escooters, to collect them, to recharge them and then to re-stage them. It was difficult to
determine how many support vehicles were being driven, and how many service vehicle miles
were being accumulated to manage e-scooter fleets.
The new business model involves contractors or employees driving vans to retrieve, relocate
and charge rental scooters which makes it easier to understand and quantify the GHG
production associated with this support of the dockless e-scooter rental business. Again we use
the same Manufacture, Maintain and Operate factors we used for automobiles and e-scooters to
calculate the GHGs associated with the support service for rental scooters.

Support Van Manufacture
A typical support van has a weight around 7000 pounds, (3.18MT). The Ford Transit Cargo Van
and the Chevrolet Express Cargo Van fall into this range. Using the values derived from Table
A6.2 we calculate that the manufacture of such a van creates 11.6 MT CO2e. We have to
amortize this over the life of the vehicle, which normally provide 250,000 to 300,000 miles of
service33. We will use the more conservative value of 300,000 miles for our calculations which
yields 38.7 g CO2e/mi of support van travel.

Support Van Operation
We can calculate the GHG created from operating a support van using the same method of
calculating emissions from a passenger vehicle. The Ford Transit Cargo Van gets 15 miles per
gallon in the city and the Chevrolet Express Cargo Van gets 14 miles per gallon in the city. Our
calculations use the average of 14.5 miles per gallon. This calculation yields 795.5 gCO2e/mi
that the van drives.

32

https://www.mcnallyinstitute.com/what-size-engine-is-on-a-bird-scooter/

Jones, Peter, How Long Do Ford Cargo Vans Last? (7 Important Facts) https://
motorandwheels.com/how-long-ford-cargo-vans-last/
33
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Support Van Maintenance
The last factor is the GHG that results from maintaining the van. The most practical way to
calculate this is to acknowledge that larger vehicles have larger sizes and use larger volumes of
fluids and materials. Making the support vehicle GHG proportional to the vehicle weight yields
15.1 gCO2e for every mile the service vehicle drives.

Total GHGs of Support Vans
The total Greenhouse Gas Equivalent that results from support van per mile travel is shown in
Table A7.6, 849.3 gCO2e/mi.
Table A7.6
Total Greenhouse Gas Equivalent Emissions Per Mile From a Support
Van
gCO2e/mile

Percentage of the Total

Manufacture

38.7

4.6%

Opera on

795.5

93.7%

Servicing

15.1

1.8%

Total

849.3

Source

To find the total GHGs generated by these support vehicles we multiply this value by the
number of miles they are driven.
Table A7.7, (a copy of Table 2.2), includes data for the seven e-scooter rental brands, plus the
two companies, Sweep and Scoot Scoop, which help manage scooters that have been left in
unauthorized locations.
It is important to include the GHG production from these support vehicles because if the
dockless scooter rental industry was not here, neither would the emissions from these support
vehicles.
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Table A7.7 Dockless e-Scooter Support Fleet Sizes (H2 2021)
No. of
Vans

Days/
Week

Hours/
Day

Van-Hours/
Day

5

7

24

120

2

2

7

4

Lime

6

7

24

144

144

Ly

3

7

24

72

72

20

7

24

480

3

2

6

5

Veo

2

7

24

48

48

Link

2

7

24

48

48

Spin

2

7

24

48

48

Sweep

1

7

8

8

8

Scoot Scoop

1

7

8

8

8

Vendor
Wheels

Bird

Total Van-Hrs/
Day
124

485

Our sources estimate e-scooter support vans are in driving mode between one quarter and one
third of the time they are in service. For purposes of this report we conservatively use a value of
one quarter of the time in driving mode.
Urban driving speeds average 14 miles per hour34. This is consistent with the value of 13 miles
per hour that one of the authors has used over the course of his career.
We can now calculate the typical number of miles driven daily by these vans with the results as
shown in Table A7.8 below.

34

Cordelino, Carlos, Daily Variability of Motor Vehicle Emissions Derived from Traffic Counter Data,
Journal of the Air and Waste Management Association https://www.researchgate.net/publication/
238594974_Daily_Variability_of_Motor_Vehicle_Emissions_Derived_from_Traffic_Counter_Data
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Vendor

Total Van-Hrs/Day Driving Hrs/Day Driving Mi/Day

Wheels

124

31

434

Lime

144

36

504

Ly

72

18

252

Bird

469

117

1642

Veo

48

12

168

Link

48

12

168

Spin

48

12

168

Sweep

8

2

28

Scoot Scoop

8

2

28

Total

3392

The total shown in Table A7.8 might strike some readers are surprising but this should be
compared with the number of scooter miles shown driven over a year in Table A8.1which
equates to a ratio of approximately one mile of support van driving for ten miles driven by a
scooter, which is not unreasonable given the dockless nature of the industry’s business model.
Having previously determined that the average scooter travels 3.2 miles per day and using the
eet data supplied by those knowledgeable in the industry we can calculate the Greenhouse
Gas Equivalent emissions from these service support vehicles in terms of e-scooter miles
ridden. The results are shown in Table A7.9.
Table A7.9. GHG from Servicing e-Scooters
Vendor

No.
Scooters

Daily Scooter Miles
@ 60% Deployment

Daily Service
Van Miles

Van Miles/Scooter
Mile

gCO2e/e-Scooter
mile

Wheels

750

1440

438

0.304

258

Lime

2000

3840

516

0.134

114

Ly

1750

3360

262

0.078

66

Bird

6000

11520

1676

0.146

124

Veo

1000

1920

174

0.091

77

Link

1500

2880

177

0.061

52

Spin

1500

2880

177

0.061

52
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Table A7.8
E-Scooter Support Vehicles Miles of Driving Daily

Note that we have allocated the GHGs of the Scoot Scoop and Sweep vans to those of the escooter vendors in proportion to their fleet size since Scoot Scoop and Sweep have no scooters
of their own.

Total GHG/mi From Scooters
We can now calculate the total Greenhouse Gas Equivalent emissions for scooters as shown in
Table A7.10.

Table A7.10
GHG Produced by e-Scooters (gCO2e/mile)
Vendor

Manufacture

Opera on

Service

Total

Wheels

55

9

259

323

Lime

162

9

114

285

Ly

118

9

66

193

Bird

156

9

124

289

Veo

63

9

77

149

Link

170

9

52

231

Spin

162

9

52

223

In Appendix 6 we documented that one mile of e-scooter riding on the average eliminates 95
gCO2e/mile from other modes of travel they replace. Using this value we can determine the net
GHG produced by rented e-scooters which we show in Appendix 8. However an examination
of the values for each vendor in the table already shows that all are greater than 95 gCO2e/
mile.
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APPENDIX 8. CALCULATE THE NET GHG EFFECT FOR
RENTED e-SCOOTERS ON THE CLIMATE ACTION PLAN
GOALS OF THE CITY OF SAN DIEGO
The overall GHG impact of the e-scooter rental industry resulting from their San Diego
operations can be calculated by subtracting the GHG they reduce from the GHG they
produce.The results are summarized in Table A8.1.

Table A8.1 GHG Produced by e-Scooter Industry,
Vendor

Annual
Scooter
Travel,
Kmiles

Gross

Net

gCO2e/ mi

MT/ yr

gCO2e/ mi

MT/ yr

526

323

170

228

116

Lime

1402

285

400

190

258

Lyft

1226

193

237

98

114

Bird

4205

289

1215

194

791

Veo

701

149

104

54

34

Link

1051

231

243

136

138

Spin

1051

223

234

128

129

Total

10162

Wheels

2603

1580

The results show gross production of 2603 MT/yr, nearly 6 million pounds, and 1580 MT/yr net,
more than 3 million pounds. The gross and net GHG/mile was calculated for each vendor in
Appendix 7 and are shown in Table A7.10. The scooter miles traveled for each vendor was
determine by their number of permitted scooters, shown in Table A2.1, a 60% deployment rate,
and 3.2 average miles per day for deployed scooters as calculated in Appendix 7.
The net GHG produced by the industry is more than would be created by a 30 acre forest
re35 or that results from the gasoline burned by 200 cars in a year.

https://www.cbc.ca/radio/quirks/sept-15-2018-summer-science-camping-under-a-volcano-plastic-in-belugabellies-and-more-1.4821942/how-do-co2-emissions-from-forest-fires-compare-to-those-from-fossil-fuels-1.4821944
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APPENDIX 9. PRIVATE SCOOTER OWNERSHIP
Unlike rented dockless e-scooters, privately owned e-scooters can be a green alternative to
other means of transportation. There are two characteristics that make private ownership of escooters more environmentally friendly than the dockless rental industry:
• Durability: An owner is more likely to care for his scooter and less likely to subject it to
treatment that might damage it, require a repair, or lead to a shortened life. By having a
longer life the GHG from manufacturing can be amortized over more miles.
• No Support Vans: There is no need to collect or relocate a privately owned scooter with a
support van. The private owner rides his scooter through the route he selects and in the end
he rides it home.
These address the two most egregious factors by which dockless rented e-scooters harm the
environment: GHGs related to manufacturing and support for the dockless rental business
model.
Table A9.1 shows the substantial di erence between GHG production from rented vs private
scooters.

Table A9.1 e-Scooter GHG Footprints, gCO2e/mile
Private
Life vs Rented

Rented
100%

120%

150%

200%

143

143

119

95

72

9

9

9

9

9

Service

104

0

0

0

0

Total

256

152

128

104

81

Manufacturing
Operation

The di erence is quite dramatic. With only a 20% increase in lifespan, private e-scooters are
responsible for only half the emissions per mile of a rented scooter. Even with the same life as a
rented scooter, private scooters create only about 60% of the GHGs of the dockless rental
scooter industry.
This is before taking into account the potential for private owners to use an e-scooter to
intentionally replace trips by ICE automobile and not use it for joyriding.
Online writer Nely Hayes, a self-described tester of fast electric scooters and “part-time
scooter fanatic”, indicates that privately owned scooters can last between one to ve years,
depending on make and model.36
Hayes indicates that one signi cant di erence between the dockless rental scooter model and
private ownership is that rented scooters are left out exposed to the elements and that both
heat and moisture can reduce their lifespan. She indicates a number of factors that explain the
likely di erence in durability of scooters used in the dockless rental business model versus
private ownership:
36

https://scooter.guide/how-long-do-electric-scooters-last/ viewed May 19, 2022.
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“Keeping your e-scooter outside in bad weather conditions will shorten its lifespan.
Rain, damp, and snow are not suitable for your scooter. Rideshare e-scooters are kept
most of the time outdoors; that’s why they have a shorter lifespan. Considering that
they are not waterproof, it’s only a matter of time before water will destroy their
electrical components. Water will also negatively a ect the electric motor, brakes, and
wheel bearings.
Besides water, e-scooters are also exposed to dust. Tiny particles that will nd their
way into the smallest nooks and crannies. When too much dust gets into the
components of the electric motor, the scooter may become severely damaged.
Temperature extremes also play a role. Lithium-ion batteries can be easily damaged if
exposed to very high temperatures. On the other hand, electric motors will need to
work harder when operated in cold temperatures.
Another factor that will undoubtedly lead to a shorter life of an e-scooter is careless
riding. Excess weight, potholes, rocks, and curbs all contribute to a shorter lifespan of
an e-scooter and should be considered.”
The minimum one year lifespan would represent an increase in durability of more than 70%
compared with the seven months of most devices used by the rental companies in San Diego.
Referencing the table above, this minimum expected one year lifespan would put the GHGs
from a privately owned e-scooter at 95 gCO2e/mi, around one third those of a scooter used as
part of the dockless rental business model.
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